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SUMMARY

he main provisions of the conditions for the formation and manifestation of vertical channel
deformations for the rivers of the left-bank Dnieper (within Ukraine) are disclosed. Two
assessment approaches to their study are applied: continuous - based on changes in the latest
river profiles and discrete - based on changes in the water discharge curves Q=f(H) according
to hydrological station data. The highest rates of change in the marks of the latest profiles are
recorded for the lower reaches of the Samara River (17 cm/year - accumulation of sediments
in the mouth area) and the upper reaches of the Sula (approximately 19 cm/year - erosion of
the channel).

Estimates of vertical channel deformations based on discharge curves fully confirmed the
results of their manifestation according to combined longitudinal profiles. This method gives
more accurate results of assessing changes in riverbed levels over many years. The largest
average annual subsidence of levels (deep erosion) according to the estimates of discharge
curves are observed on the Desna River- village of Rozlyoty (-1.21 cm/year), and the
maximum average annual growth levels (sediment accumulation) occur on the Samara River-
village of Kokhanivka (+1.24 cm/year).
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Introduction

The study of vertical channel deformations of rivers is an interesting scientific and practical issue that
significantly affects the water regime, erosion-accumulative processes, transport capabilities of rivers,
and human economic activities. It becomes particularly relevant in the context of modern climate
change, which may lead to an intensification of erosion-accumulative processes in riverbeds. Vertical
deformations of a river channel are a phenomenon that causes changes in the erosion base and
ultimately shapes the longitudinal profile of the river. They affect the water level marks used by many
sectors of the economy (water intakes, hydro and nuclear power plants, water transport, hydraulic
engineering). River channel deformations, especially vertical ones, are dynamic phenomena, although
their manifestation varies depending on natural and economic conditions, and their intensity can range
from millimetres to tens of centimetres per year. In view of the above, the issue of assessing the
manifestation of modern vertical deformations has been actualised for the rivers of the left bank of the
Dnipro (within Ukraine), which are under different natural and economic conditions.

Method and Theory

Vertical channel deformations are associated with the processes of automatic levelling of the stream’s
transport capacity and are determined by fluctuations in the erosion base, climate change, and tectonic
movements. They result from the transformation of the specific energy of the live cross-section of the
flow and head losses caused by energy expenditures for water movement. Vertical deformations affect
the change of nature of horizontal deformations and manifest in the transformation of channel relief
forms and peculiarities of their dynamics. Under natural conditions, vertical deformations are
noticeable only for a considerable time, covering historical and even geological periods (Obodovskyi.
2017).

The study of vertical channel deformations was conducted for 14 rivers of the left bank of the Dnipro
River (within Ukraine) (Hrebin et al, 2013) using data from 22 hydrological stations located on them.
Two methods of estimating vertical channel deformations were used in this paper: continuous method
— based on studying changes in the longitudinal profiles of rivers; discrete method — based on the
study of changes in water levels positions at the corresponding discharges Q=f(H) according to
hydrological stations.

The methodological provisions for comparative assessments of longitudinal profiles with
regard to the manifestation of vertical deformations are given in studies (Obodovskyi, 2017,
Smirnova, 2013, 2015; Szatten et al, 2025). The longitudinal profiles for 1960 and 2022 are
considered. The discrete assessment of these deformations is based on the comparison of the
time shift of the discharge curves Q= f(H) according to the hydrological post data. The
exclusion of the floodplain component from the analysis of these curves allowed for a more
objective assessment of the situation with vertical deformations of the channel itself. The
floodplain surfaces of rivers are extremely heterogeneous in terms of their roughness, width,
height, hydraulic conditions (e.g., floodplain velocity and discharge of water, slope and cross-
sectional area) and intensity of economic activity, which can significantly change the nature
and direction of such deformations.

In general, if the location of these curves shifts upward over time, then sediment accumulation
(bottom accumulation) prevails in the river. If the temporal displacement is downward, then erosion
processes (bottom erosion) dominate (Obodovskyi, 2017; Smirnova, 2015). Five to seven discharge
curves (primarily for high-water years) were constructed for the period from 1980 to 2022.
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The application of these methods made it possible to identify the intensity and direction of vertical
channel deformations in the studied rivers. At the same time, comparing the obtained results allows
for tracking the temporal dynamics of erosion-accumulative processes along the length of the river.

Results

The analysis of vertical channel deformations by comparing schematic longitudinal profiles of rivers
in the studied area showed the following results. For most of the rivers in this sub-basin, the incision
of the riverbed occurs in the upper reaches (Fig. 1) (Topographic maps of Ukraine). These
deformations have a negative sign and lead to a relative decrease in water levels at the same
discharges.

Sediment accumulation is observed in the lower (estuarine) reaches of rivers in the forest-steppe zone
(Obodovskyi, 2017; Smirnova, 2013). Vertical channel deformations have a positive sign and are
manifested in the rise of the riverbed elevation (accumulation) along the length of the river.
Exceptions are the Haichur and Vovcha rivers, where accumulation processes prevail in the upper
reaches. This may be due to extensive ploughing of the surface of their catchments. An atypical
situation is observed in the Oril River, where a significant incision is noted in the riverbed, which is
the result of the creation of an artificial channel in 1967. The riverbed was changed and straightened
for 61 km, which causes the predominance of channel incision processes in the lower part of the river
(Hrebin et al., 2014; Vyshnevsky 2022). Meanwhile, minimal vertical deformation was recorded in
certain middle-course sections of the Khorol, Vorskla, Mokri Yaly, Haichur, and Vovcha rivers. This
may be due to low flow velocity in the first two cases and crystalline rock drainage in the latter cases
(Chornomorets and Lukianets, 2010; Lukianets et al., 2021; Khilchevsky et al., 2007).
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Figure 1 Combined longitudinal profiles of Desna River (within Ukraine).

The most significant changes in longitudinal profile marks over a 60-year period were recorded in the
lower reaches of the Samara River (approximately 11 m or 17 cm/year — sediment accumulation in the
estuary area due to backwater from Dnipro) and the upper reaches of the Sula River (approximately
12 m or 19 cm/year — channel erosion due to its straightening). It is also worth noting that comparing
schematic longitudinal profiles of rivers provides only a generalized trend-based representation
(considering the accuracy and scale of assessments) of the manifestation of vertical deformations. A
more detailed characterisation of their spatial and temporal dynamics can be obtained by comparing
the multi-temporal water discharge curves Q=f(H).

The estimates of vertical channel deformations for the studied rivers, which were carried out by
analysing the water discharge curves Q= f(H) based on the data of 22 hydrological stations, generally
confirmed the results of their manifestation according to the combined longitudinal profiles (Fig. 2,
Table 1). It is also worth noting that this method provides more accurate results for assessing changes
in riverbed marks over many years.
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The largest average annual subsidence of levels (depth erosion) according to the estimates of the
discharge curves were observed in the Desna river in Rozloty (-1.21 cm/year) and the Snov river in
Snovsk (-0.96 cm/year). Meanwhile, the maximum average annual water level rises (sediment
accumulation) were recorded in the Samara river in Kokhanivka (+1.24 cm/year) and the Psel river in
Hadiach (+1.18 cm/year) (Table 1). In the first case, the water content of the rivers is a factor, and in
the second case, significant ploughing and river velocity regime are responsible.
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Figure 2 Combined curves of Q= f(H) for a) Desna River — in Litky and b) Psel River — in Hadiach.
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Table 1 Indicators of vertical deformations of the rivers of the Dnipro left bank.

. . Research | Difference between | Average annual deformations
River-stations

period water levels, cm of the riverbed, cm
Sula-v.Zelenkivka 1988-2015
Sula-t.Romny 1988-2015
Sula-t.Lubny 1988-2015
Khorol-t.Myrhorod 1996-2015
Psel-t.Sumy 1988-2015
Psel-t.Hadiach 1985-2021
Psel-v.Zapsillia 1994-2021
Oril-t.Tsarychanka 1985-2015
Vorskla-v.Kobeliaky 1988-2021

Vorskla-v.Chernechchyna 1988-2015

Samara-v.Kokhanivka 1986-2015

Samara-v.Kocherizhky 1986-2015

Haichur - v.Andriivka 1985-2021

Vovcha -v.Vasylkivka 1985-2021

Mokri Yaly - f. Hrushevskii | 1985-2021

Desna - v.Rozloty 1988-2021
Desna - t.Chernihiv 1988-2021
Desna - v.Litky 1988-2021
Seim - v.Mutyn 1988-2021
Ubid - v.Kudrivka 1988-2018

Ivot- v.Ivotka 1988-2021

Snov- t.Snovsk 1988-2021

* blue colour - erosion, red - accumulation

It has been established that when assessing the discharge curves in different phases of river water
availability, multidirectional processes of erosion and accumulation activity in their channels can be
manifested. In low-water periods, there is a tendency for accumulation to increase. In contrast, erosion
prevails during high water levels. Thus, from the 60s to the end of the 90s of the last centuries,
erosion processes prevailed on most of the rivers under consideration, according to the same
hydrological stations (Obodovskyi, 2017). This was a period of dominance of their increased water
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content. However, in the modern period (Table 1), the predominance of low-water periods has been
recorded (Lukianets et al., 2021; Khilchevsky et al., 2007, Vyshnevsky, 2022). In a number of cases
(Desna, Seim, Sula, Oril, Samara rivers), erosion processes have been replaced by accumulative ones
with a general decrease in their intensity.

Conclusions

A multi-temporal analysis of the longitudinal profiles of the rivers on the left bank of the Dnipro
shows that erosion processes prevail in most of their upper reaches, causing the incision of their
channels. However, in the upper reaches of the Haichur and Vovcha rivers, accumulation processes
dominate. This may be due to extensive ploughing of the surface of their catchments. In the lower
(estuarine) sections of the rivers located in the southern left-bank part, a typical situation for rivers in
the forest-steppe and steppe zones with insufficient moisture is observed, namely, the accumulation of
sediments in their channels, which can indirectly reach 19 cm/year.

The assessment of the manifestation of vertical channel deformations based on the temporal dynamics
of Q=f(H) discharge curves is more precise and objective. It showed generally similar results to the
previous assessment. It was found that in most upper reaches of rivers, erosion processes (up to 1.21
cm/year) prevail in their channels. The obtained results may be useful for designing various hydraulic
structures and communications on these rivers.
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