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Channel deformations of the Desna River near Chernihiv city were analyzed based on
field studies and analysis of various temporal cartographic materials and space images.
The hydrological regime of the river is characterized by intensive channel processes,
which can be rather hazardous for the functioning of residential and economic infra-
structure. Today, there is a rather worring situation on the northeastern outskirts of
Chernihiv city, where the channel meander is at the final stage of its development and
in the period of the nearest high floods, the formation of a straightening duct and the
transformation of the meander into a flood channel is possible. As a result, the river,
which flows directly along the city outskirts and widely used for recreational purposes,
will become several kilometers away from the city. Based on the study of the hydrologi-
cal regime of the river, quantitative assessment of the morphological parameters of the
river, and the nature and intensity of the transformation of the meander over a long
period as well as the forecast of the development of the meander for the coming years
were made. Measures to stabilize the conditions of the river channel were proposed.
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INTRODUCTION

The Desna River is the longest and second by the
basin largest tributary of the Dnipro River. It flows into
the Dnipro River in a distance of 920 km from its river
mouth from the left bank. The total length of the river
is 1130 km, of which 591 km is within the borders of
Ukraine. The area of the basin is 88,900 km2 (Surface
water resources, 1971). The hydrological river regime
is characterized by a high transport capacity of the
stream and the presence of intensive channel pro-
cesses along almost its entire length.

Channel processes (CP) are the result of the in-
teraction of the hydrological regime of the flow, the
bedding surface, and limiting factors, each of which,
in turn, depends on several mutually influencing fac-
tors of the natural and artificial nature. The nature and
intensity of channel deformations in certain river sec-
tions depend on the interaction of individual factors of
CP (Kondratiev N.E. et al, 1982; Kozytskyi O.M., 2011).
Variety of natural conditions and existence of a wide
floodplain cause different channel deformations. The
meso- and macroforms are formed in the process of
transportation, which together with the limiting fac-
tors of the channel processes determine the morpho-
logical type of the channel and valley along its entire
length. The dependence of sediment transport condi-
tions and channel forms of sediments on the hydrau-

lic regime of the river (which is determined by the
changes in the slope of the river channel), as well as
changes in the width of the channel floodplain, cause
a great variety of forms of channel processes along
the river. The change in the quantitative parameters
of the main factors of RCP and the conditions of their
interaction in different morphological sections of the
river channel determines the formation of river chan-
nel types with different transportation conditions and
the processes of river channel formation developing
by their laws. Despite a large number of studies, start-
ing from Thomson, 1877; Kiimmel, 1895; Davis, 1903,
Bowman, 1904 and up to the latest studies, the results
of which were summarized in the works of Gao and Li,
2023; Kleinhans et al, 2023; Finotello et al, 2024, the
processes of meander formation still remain insuffi-
ciently studied. Verification of existing conceptual and
empirical models of meander formation processes re-
quires both data on long-term field measurements on
the rivers of various hydromorphological conditions,
and the results of studies of long-term morphological
dynamics of river channels based on new remote sens-
ing techniques when using multi-temporal satellite
images with very high temporal and spatial resolutions
(Nicola Surian, 2012).

Almost all types of channel processes are found on
the Desna River; the predominant ones are free and
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incomplete meandering, characterized by full devel-
opment of meanders on floodplains and incomplete
cycles of forming straightening ducts. Figure 1 shows
a system of 7 meanders located on the 127-150 km
section of the river. The two central meanders are de-
veloped by the classic scheme of free meandering. At
the same time, the upper meander has already been
broken long before the formation of the loop, and the
3 lower meanders are developing due to the erosion of
the top of the meanders and the increase in the length
of the channel. The width of the meander belt has in-
creased from 1,685 m to 2,472 m since 1943, and the
meander wave (the distance between adjacent knick
points) remained constant. The erosion of the concave
bank is more than 400 m, and the erosion intensity is
more than 6 m/year. In the period of high floods, when
the floodplain is inundated greatly, the formation of
a straightening duct is possible in this area without
forming a loop and breaching the land bridge.

In some areas of the river valley, the processes of
deformation development are dominant in the form
of floodplain multi-arms, with the typical presence of
ducts straightening groups of meanders. Less often,
mainly in the places where the floodplain narrows,
there are processes of limited meandering, characte-
rized by meander sliding down the river while preser-
ving their size and shape.

In the meandering areas, channel deformations
are manifested in the form of erosion of the concave

bank (especially meander tops), the increase in the
width of the meandering belt, sediment accumula-
tion near the convex bank, the sliding of river bars
and reaches, which cause the change in the shape
and size of the meanders, the erosion of land bridges
and the formation of straightening ducts and river
dead arms (Daus M. E.,, 2017). The average intensity
of deformations (bank erosion) is about 3-4 m/year,
and the maximum one exceeds 10 m/year (State of
technogenic and natural safety of Chernihiv region in
2021). Straight sections of the river are characterized
by relatively high stability and prevailing processes of
reverse vertical deformations, the maxima of which are
mainly timed to high floods. Exceptions are straight
sections of the river channel with high sandy banks
not fixed by vegetation, where spatial deformations
are caused by bank caving with subsequent sand ava-
lanches, wave processes, and water-saturated sand
avalanches during periods of sharp fluctuations in
water levels. The processes of sediment accumulation
and the formation of channel shapes in the form of
side heads, river bars, and low islands are typical for
extending straight sections of the river channel. The
transportation of bottom sediments occurs mainly in a
structural form (movement of meso- and microforms)
and an unstructured form in the deepest sections of
the cross-section of the river channel.

In addition, in connection with recent climatic
changes and a decrease in river water content, accu-

Fig. 1. Meandering section of the Desna River between the villages of Lebedivka and Nadynivka
Explanation to the figure: The red line is the contour of the meander as of 1943, the purple line is the contour of the meander as of

2021
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mulative processes (sediment deposition) have inten-
sified in the Desna River channel due to the absence
of high floods, which provide the necessary hydraulic
conditions for transporting sediments to the Dnieper
River channel. All this led to significant shallowing of
the river and deterioration of navigation conditions.

The purpose of the work is to assess the channel
processes of the Desna River near the city of Chernihiv,
to develop organizational and engineering measures
to stabilize channel deformations, as well as to improve
the ecological state of oxbow-type floodplain water
bodies that have undergone significant degradation.

Research methodology. The study of the dynamics
of channel deformations and determining the mecha-
nism and directions of the development of channel
forms of the Desna River were performed based on
in-situ hydrometric measurements of the channel and
channel forms along the entire length of the channel
meander in the period 2019-2021, as well as a com-
parative analysis of topographic maps and space ima-
ges. The quantitative assessment of vertical channel
deformations is based on analyzing combined longi-
tudinal and transverse channel profiles made in diffe-
rent years of research (Shevchuk S.A. et al, 2015). The
evaluation of the scale and intensity of spatial channel
deformations, in particular the erosion of the bank line
and the development of meandering processes, was
performed based on a comparative analysis of large-
scale topographic maps of various times M 1:250,000
(1941-1953); M 1:100,000 (1951-1991), electronic
landscape maps of Ukraine M 1:100,000 (2000-2021);
Earth remote sensing data using the ArcMap 10 pro-
gram in the WGS_1984/ UTM_Zone_36N coordinate
system and the 2000 SRTM_90 digital relief model with
an altitude accuracy for M 1:25,000 maps.

Static and kinematic methods of GPS observations
were used when piloting water bodies to ERS digital
materials and determining their coordinates. Piloting
gauging sections was performed by determining their
geographical coordinates using a GPS station. Deter-
mining the depths greater than 1 m was performed
using an echo sounder. The river depth was deter-
mined with a leveling rail along the bank line to T m
depth and in shallow areas. River depths within the
water area were determined depending on the con-
figuration of the river bottom by an echo sounder near
the bank line and turning points of the channel profile
in 1-2.5 m, and in the middle part in 2.5 m.

DYNAMICS OF A CHANNEL MEANDER

Channel meanders are at different stages of their
development. Regular processes of meander develop-
ment dynamics are often disturbed by anthropogenic
factors that sometimes create problems for economic

activities and settlements, located on the floodplain.
The development of spatial deformations can often
be dangerous for the functioning of the established
infrastructure, so implementing complex technical
measures is necessary to prevent the negative conse-
guences of deformation manifestation. Today, a similar
situation has developed near the Bobrovytsia micro-
district on the northeastern outskirts of Chernihiv city.
The channel meander is at the final stage of its devel-
opment there, and the formation of a straightening
channel and the transformation of the meander into
a floodplain inlet are possible during the nearest high
floods. As a result, the river, which flows directly along
the city outskirts and widely used for recreational pur-
poses, will become several kilometers away from the
city.

For the section of the Desna River near Chernihiv
city, the prevailing type of channel process is incomp-
lete meandering, but the meander in the study area is
developing by the typical scheme of free meandering,
which is characterized by all stages of meander deve-
lopment: from a relatively straight channel (formed
as a result of breaching the previous meander loop)
to the sinusoidal loop, its further deformation and
elongation, with a gradual decrease in the width of the
land bridge and breaching the loop with the formation
of a river dead arm. The width of the floodplain here
exceeds 10 km, and the slopes of the valley do not
limit the spatial development of the meander. There
are numerous canals, backwaters, and lakes of oxbow-
type on the floodplain, which indicates the intensity
of meandering processes in the past. Spatial channel
deformations here are very uneven, which is largely
due to different stages of meander development.

The meander in the area of the Bobrovytsia micro-
district (Fig. 2) is at the final stage of its development.
Its formation occurs due to the aggradation of the
right bank at the meander mouth, erosion of the oppo-
site left bank in the area of the land bridge, erosion of
the left bank before the meander top, aggradation of
the bank line water area near the opposite right bank
(with the formation of an island), as well as the erosion
of the meander top itself. That leads to its elongation
and unfolding around a fixed point in the area of the
knick point with the adjacent meander located down-
stream. Erosion occurs mainly during high floods, and
aggradation occurs in low-water periods and during
the flood decline. Similar but opposite processes are
developing on adjacent meanders, the tops of which
are oppositely directed. All this leads to constant ero-
sion of the land bridge and will result in its inevitable
breaching in the future.

At present, the length of the meander (the distance
along the forewater between the knick points) is 3.2 km,
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Fig. 2. Meander of the Desna River in the Bobrovytsia microdist-
rict of Chernihiv city

the width of the meandering belt is about 3 km, the
width of the land bridge in the narrowest place is only
155 m, the width of the meander in the middle part
is 140 m. Erosion of the left bank and aggradation on
the right bank of the upper wing of the meander and
aggradation of the left bank and erosion of the right
bank on the lower wing of meander create the effect
of the meander sliding downstream.

The dynamics of the meander development over
the past century and a half can be traced based on a
comparative analysis of topographic maps and space
images. Fig. 3 shows combined maps of the meander
section — a map of the second half of the 19t century
and a modern topographic map. Fig. 4 shows a military
topographic map of 1941, a map of the General Staff
of 1989, and a modern space image. In the presented
images, we can see the transformation of the meander
shape from sinusoidal (almost symmetrical regular
shape) with a wide land bridge to an elongated, ex-
tended, and loop-like one with a narrow land bridge.

To quantitatively assess the meander dynamics
and changes in its morphological parameters, the
combined profiles of the meander different years are
shown by lines in different colors. Over more than a
century and a half, the meander shifted downstream

by 690 m, the width of the meander (the distance
between the same-name banks of the opposite wings
of the meander) decreased from 1050 m to 635 m, the
width of the meandering belt increased from 2200 m
to 3050 m. The length of the meander (the distance
between the knick points of the meander) grew from
2370 m to 3245 m. A rather significant decrease in
the intensity of channel processes in recent years is
primarily due to the absence of high floods and a long
low-water period in the last decade. For this period,
there was a minimum runoff for the historical period.
The lowest river levels were recorded in the low-water
period in 2015 and 2019. The main meander param-
eters for different years are given in Table 1.
Presented in Fig. 5, the combined contours of the
meander for the period since 1868 demonstrate the in-
tensity and nature of changes in the parameters of the
meander top and its position. Intensive development
of channel processes and the meander mainly occurs
during high floods. Since 1970, high floods have not
occurred on the Desna River, but despite this, the
meander continues to develop even now. Fig. 7 and 8
show the dynamics of the development of the mean-
der top for the period from 2007 to 2012 and 2018. Pic-
tures taken only in the low-water period, where there

Fig. 3. Combined 19t-century and modern topographic maps
of the studied area (modern contours of the meander are
shown in blue)
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Fig. 4. Topographic maps of 1941 (a), 1989 (b) and a modern space image (c)

Fig. 5. Combined meander contours since 1868 (blue line — contours of 1868: yellow — 1941; red — 1989; green — 2018)

Table 1. Morphological parameters of the meander and characteristics of its development compared to 2019

Year 1860 1941 1989 2019
Meander sliding distance, m 690 (1860-2019) 300 (1941-2019) 35(1989-2019) —
Meandering belt width 2200 2600 3000 3050
Meander width, m 1050 890 700 635
Meander length, m 2370 2650 2800 3245
Channel width, m 95-300 95-170 90-220 85-180
Land bridge width, m 670 560 240 155

2025+ N2 2(8) - METEOPOJIOTIA - TIAPONOTNIA « MOHITOPUHI JOBKITIA 25



0. KOZYTSKYI, S. SHEVCHUK, I. SHEVCHENKO, E. MAVRYKIN, N. LOGUNOVA

c d e

Fig. 6. Dynamics of meander development in recent years: a — 1984; b — 1998; c — 2011; d — 2015; e — 2017 (the position of the

red lines is fixed on the map)

Fig. 7. Space image of the convex bank of the meander top as of
July 24,2018 (H=103.98 m BES)

Explanation to the figure: The red line is the contour of the meander
top as of July 27, 2007 (H=104.19 m BES); the purple line is the
contour of the meander top as of October 3, 2012 (H=103.88 m
BES); yellow line is erosion width for 2007-2018.

were low water levels, were used to ensure the reli-
ability of the assessment. In 2007, the level was 31 cm
higher than in 2012 and 21 cm higher than in 2018.
Analysis of the figures shows that the width of erosion
of the left meander bank before its top for the first five
years was 16 m, and in subsequent years, it increased
to 26 m (yellow line in Fig. 7). The erosion area before
the meander top is shown in Fig. 9.

Simultaneously with the erosion of the left bank
before the meander top, the sand spit aggradation
occurred behind it (Fig. 9) with a width of about 10 m.
The specified erosion is primarily caused by relatively
high flood flow rates during floods in 2010 (843 m3/s)
and 2012 (710 m3/s). The slip of the meander top can
be seen in Fig. 10, where a red line with fixed coor-

dinates is drawn on space images of different times.
The width of the channel before the meander top has
increased from 195 to 221 m since 1994 (excluding the
width of the newly formed island and the sandbank
on the right bank). Because the island width is 87 m,
the width of the channel at the low-water period has
decreased by 61 m. The erosion width of the meander
top on the right bank has increased by 15 m compared
to 1985.

The total cycle of the meander development ends
with breaching the land bridge and forming a straigh-
tening channel and a river dead arm at the place of
the meander itself. The studied meander has passed
all the formation cycles and is currently at its final
development stage. Breaching the land bridge will
have extremely negative consequences for Cherni-
hiv city, as the river will move away from the city by
a distance of more than 1.5 km. Over the past 150
years, the width of the land bridge has decreased from
670 mto 155 m (Figs. 11 and 12), and since 1984 — by
90 m. At the same time, the opposite right bank was
aggraded to a width of about 13 m. Even in the ab-
sence of high floods since 2007, the width of the land
bridge decreased by 28 m. The intensity of the land
bridge erosion for the last 160 years is 3.3 m per year;
for the period from 1941 to 1989 it was 6.7 m/year, and
for the last 30 years, it was 2,8 m/year.

Explanation to the figure: The horizontal red line
is the channel width in 2007; the purple line is erosion
of the left bank before the meander top; the green line
is left bank aggradation behind the meander top.

The left bank was strengthened with a stone fa-
cing at the beginning of the meander near its concave
bank (in the section of the land bridge), and three
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Fig. 8. Satellite images of the meander section in 2007 (a) and 2017 (b).

Explanation to the figure: The horizontal red line is the channel width in 2007; the purple line is erosion of the left bank before the
meander top; the green line is left bank aggradation behind the meander top; (to compare the dynamics of the meander since 1985,
a vertical red line was drawn from the right bank of the top of the meander in 1985)

a

Fig. 9. Erosion of the left bank before the meander top and aggradation behind the meander top

a

Fig. 10. Slipping the meander top: a —1985; b — 2007; c — 2017

short bank protection spur dikes were also arranged
to prevent the land bridge erosion (Fig. 13). That made
it possible to stabilize the bank line and prevent the
breaching of the land bridge. As the space images
show, the bank protection structure was built in 2008
(in the 2007 image (Fig. 13 b), it was not yet there). By

2012, the spur dikes were partially destroyed (Fig. 13 c),
but by that time they had already fulfilled their func-
tion, provided bank protection. Today, the spur dikes
have been almost destroyed, and only the lower one
is partially saved (Fig. 13d). The condition of the bank
protection structure is satisfactory today, but its length
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a

Fig. 11. Erosion of the meander land bridge from 1984 to 2017: a — 1984; b — 2007; c — 2017
Explanation to the figure: The red line is the width of the land bridge in 1984; the blue line is the aggradation of the opposite to the

land bridge, right bank.

Fig. 12. Combined contours of the left bank of the meander in
the section of the land bridge

Explanation to the figure: red line — 1985; green line — 2007; blue
line — 2020. The thick brown line indicates the required length
of the bank protection.

is not sufficient. After the bank protection structure
(downstream), intense bank erosion continues.

The width of the bank erosion after the bank pro-
tection structure is 13 m (Fig. 14). After the section of
stone facing, the bank was partially reinforced with
concrete slabs, but they were destroyed and do not
perform a protective function today (Fig. 15). Stabi-
lization of the land bridge section as a result of the
completed bank protection, as well as the bank ero-
sion downstream of the bank protection structure,
caused the displacement of the land bridge. Today,
its narrowest point is not at the meander mouth but
downstream, where the most intensive bank erosion

processes are observed. The bank here is sandy, steep,
almost vertical, and strongly eroded, with a height of
about 5 m. Intensive bank erosion is largely restrained
by the well-developed root system of trees and shrubs
(Fig. 16). To prevent further erosion of the bank and a
possible breaching of the land bridge during intensive
floods, it is necessary to extend the bank protection
along the entire length of the left bank of the meander
in the section of the land bridge, i.e. for a distance of
about 200 m. The area of the necessary bank protec-
tion is shown in Fig. 12.

As a result of the intensive deposition of sediments
just before the meander top near the right bank,
a sandbank with an overwater part almost 90 m wide
(in the low-water period) was formed, which, as a re-
sult of the formation of a shallow channel (Fig. 17),
turned into a sandy island (Fig. 18), at present over-
grown with shrubs more than 2 meters high.

In Fig. 19, space images of the island are given in
chronological order, on which the contours and para-
meters of the island in the low-water period of 2019
are drawn with red lines, which enables us to assess the
intensity and mechanism of its formation. For analysis,
only the pictures taken in the low-water period were
selected. The maximum amplitude of the water level
in the given pictures is 52 cm. The height of the island
above the low-water level in September 2021 (103.37 m
above sea level) was 2.08 m. The transverse profile of
the left bank of the island in its middle part and the
survey area are presented in Fig. 20. In 1985, the island
did not exist yet, and the meander top (convex left
bank) was only 26 m away from the current position of

28 METEOPONOTIA - TIAPONOTIA « MOHITOPUHI AOBKIUIA - 2025 - N2 2(8)



MULTI-YEAR DYNAMICS OF THE CHANNEL PROCESSES IN THE DESNA RIVER NEAR CHERNIHIV CITY

b—2007 c— 2009 d—2012 e— 2020

Fig. 13. Bank protection on the land bridge of the meander (red lines show the initial contours of the spur dikes, as of 2009)

Fig. 14. Erosion of the bank beyond the bank protection zone
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Fig. 16. Erosion of the land bridge downstream the bank protection area

Fig. 17. Channel between the island in the meander section: a — upstream; b — downstream
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Fig. 19. Dynamics of island formation before the meander top: a — 31.12.1985; b — 27.07.2007, H=104.19 m BES; ¢ — 03.10.2012,
H=103.84 m BES; d — 08.06.2015, H=104.22 m BES; e — 20.08.2017, H=103.70 m BES; f — 19.08.2019
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the island. In 2007, the formation of a sandbank near
the right bank of the meander and a narrow channel
along the bank was already visible.

In the low-water period of 2012, the contours of
the sandbank became sharper, and the width of the
channel increased. In the image of 2015, the island’s
contours became sharper, and its shape took on its
current contours. In 2017, the island’s contours be-
came sharper, and its entire area was overgrown with
shrubs. At the same time, the 2017 and 2019 images
clearly show the formation of a wide sandbank before
the island and along its upper part. There is also a
shift of the fairway channel towards the left bank of
the river.

The maximum amplitude of water level fluctuations
in the studied area is 9.11 m, the average low-water
level is 104.31 m above sea level, and the average an-
nual water level fluctuation is 4.96 m. So, the island is
inundated during floods almost every year. The height

of the island in September 2021 was 105.45 m above
sea level, and the height of shrubs and trees on the
island reached 3-5 m (Fig. 20). Fig. 21a-c show space
images of the island during the floods of 2011, 2016,
and 2013, when the water levels were 0.26 m, 1.4 m,
and 3.39 m, respectively, and higher than today’s levels
of the island surface. The contours of the island can-
not be traced not only during the high flood in 2013
(only the tops of tall trees on the right bank and in the
area of the boat station are visible (Fig. 21¢)) but also
during the low floods in 2011 and 2016 (Fig. 21a,b),
which indicates the absence of tree vegetation on the
island in those years. That is also confirmed by a pano-
ramic photo of the island taken in 2015 (Fig. 18a) at
the canal outlet from the boat station. As can be seen
from the picture, the island was not high; its height
above the low-water level visually did not exceed 1 m.
The absence of tree vegetation on the island in the
photos indicates that the intensive increase in the
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Fig. 20. Transverse profile of the island bank and cross section
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Fig. 21. Flooding of the island during floods: a — 03.04.2011, H=105.71 m BES; b — 05.04.2016, H=106.85 m BES; ¢ — 15.05.2013,

H=108.84 m BES

height of the island has been taking place since 2014
(Fig. 19d).

One of the main reasons for the intensive increase
in the height of the island is dense vegetation, which
sharply increases the roughness of the channel during
floods and causes a sharp decrease in the speed of the
flood flow at water levels exceeding the height of the
island. Decreasing flow speed leads to intensive depo-
sition of sediments not only on the island but also on
its riverside water area.

The newly formed island, 450 m long, is only the
visible above-water part of the accumulative sand-
bank, the length of which upstream from the island
reaches about 300 m. Performed bathygraphic sear-
ches showed that the width of the sandbank reaches
almost 150 m in the area of the upper wing, which
is about 80% of the channel width. The width of the
deep-water part of the channel with low-water depths
greater than 1 m is only 35 m. In almost the entire
studied area upstream the island in the central part of

the channel, the depths were 10-40 cm (Fig. 22). Along
the upper wing of the meander, the flow is pressed
against the left bank and the talweg is at a distance of
15-20 m from the low-water mark, which caused in-
tensive erosion of the left bank (Fig. 23). In the section
of the middle of the island, the fairway channel gradu-
ally moves to a distance of 70 m from the bank.

As a result of a sharp decrease in the channel cross-
section there is a sharp increase in the speed of the
stream flow, which, in turn, activates the erosion pro-
cesses of the left bank and the accumulation of sedi-
ments in the middle part of the channel and along the
right bank (Fig. 17b, Fig. 24), aggradation of the left
bank near the meander top, as well as intensification
of erosion of the right bank (from the city side) in the
section of the meander top.

The surface velocity of the stream flow along the
talweg was 1.3 m/s, which is more than twice as high
as the maximum low-water velocity on straight sec-
tions. As mentioned above, the width of the erosion of

Fig. 22. Sandbanks on the Desna River within the boat station
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Fig. 24. Sand aggradation before the island

the left bank here is 26 m over the last 13 years. Active
erosion processes along the bank are observed even
now. A sharp increase in flow velocity due to decrea-
sing the channel cross-section activates not only spa-
tial deformations but also deep deformations. In the
section of the meander top from the right bank side,
the depth of the stream flow during the study period
reached 11.6 m. Because the amplitude of river level
fluctuations is almost 8 m, the depth of the stream
flow during high floods here can reach 19 m.
Determination of the bathymetric parameters of
the meander and assessment of the channel dynamics
in recent years were performed based on bathygraph-
ic studies on July 11, 2019, and September 13-15,
2021. The water level during the study in 2021 was
103.37 m BES, which is only 2 cm higher than in 2019.
That enabled us to perform a comparative assess-
ment of depths and vertical channel deformations
without making corrections for different water levels.
The measurement results are given in Fig. 25, where
stream flow depths are shown using the appropriate
depth scale. The scheme of gauging sections is shown

in Fig. 26. It should be noted that the last two years
were characterized by very low water content, low
transport capacity of the river, and minimal channel
deformations and sediment flow. Channel processes
were mainly characterized by only slight transforma-
tion of bottom sediments and silt deposition.

The performed measurements showed that at the
meander mouth, in the section of land bridge, the
channel width changes from 180 m in the center of
the meander to 140-100 m before its straight section.
The analysis of the transverse profiles of the channel in
the indicated area shows the shallowing of the chan-
nel near the right bank. Near the convex bank, a wide
unflooded sand spit was observed, which gradually
turned into shallow water (Fig. 27). The width of the
shallow water zone, with a depth of up to 1 m, decrea-
ses along the section from 45 m in section 1 to 32 m
in section 4. The shape of the channel here is gorge-
like, with a gentle right and very steep left slope. The
talweg of the channel, about 10-15 m wide in the
section of the land bridge, is located at a distance of
10-15 m from the left bank (cross-section 1-3). The
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Fig. 27. Accumulative processes along the right bank at the be-
ginning of the meander (section of the land bridge)

maximum depth of the channel is 5 m. Downstream
the land bridge the talweg moves away from the bank
by a distance of 25 m, and its depth increases to 6 m
(Fig. 4). In general, the analysis of bathygraphic studies
in the section of land bridge indicates intensive accu-
mulative processes near the convex right bank and the
shift of the river talweg towards the curved left bank
in the section of land bridge. That, in turn, indicates a

Fig. 26. Gauging sections of the upper wing of the meander on high prOb‘abi"ty of §hifting the talweg d.iredl.y t.O th?
the Desna River left bank in case of intensive floods, which will inevi-
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Fig. 28. Island in the middle part of the channel

tably lead to the bank collapse and possible erosion
of the land bridge.

Further to the section of the land bridge, in the
middle part of the upper wing of the meander, the
channel acquires a trough-like shape with a steeper
left slope. The width of the channel bottom increases
to 65 m, the maximum depth decreases to 4.5 m, and

the sandbank near the right bank disappears (gauging
cross-section 5). Further, downstream, 500 m away
from gauging cross-section 5, the width of the channel
increases by 60 m, the depth decreases sharply, and a
sandy underwater island of 120 m wide and about 1 m
high begins to form in the middle part of the channel.
2 talwegs with 1.4 and 1.6 m depth are formed in the
channel (gauging cross-section 6).

Downstream, the width of the channel increased
to 190 m in the distance of 350 m from the beginning
of the island, and the main channel began to form
near the left bank, with a depth of 2 m, as a result of
that the height of the island increases. If in gauging
cross-section 6 the depth in the central part of the
channel was 0.6 m, then in gauging cross-section 7
it decreased to 0.2 m, i.e. it was aggraded by 40 cm.
Downstream the underwater island appeared above
the water surface (Fig. 28). Over the past 2 years, there
was a significant accumulation of sediments near the
right bank directly before the island. Aggraded sand-
banks appear above the water’s surface, blocking the
canal near the island. If only an underwater side head
was observed directly before the island and the canal
in 2019 (Fig. 29a, b), then in 2021, accumulative depo-

Fig. 29. Sediment accumulation before the island: a, b — 2019; ¢, d — 2021
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sits were visible above the water surface (Fig. 29¢, d).
The right-hand channel was filled with sand. The tal-
weg of the channel shifts to a distance of 12 m from
the left bank, and the maximum depth of the channel
increases to 2.4 m (gauging cross-section 8).

In gauging cross-section 9, located near the island
top, the main channel completely shifts to the left
bank. Of the 200 m of the total width of the channel,
130 m is covered by a shallow zone with a depth of
0-0.4 m (excluding a narrow zone along the left bank
of the island). The talweg of the channel shifts to the
left bank for a distance of 8 m, and the depth increases
to 3.4 m. The slope of the channel becomes almost
vertical.

Near the island, the most intensive channel-form-
ing processes were observed in the study area. Near
the upper (downstream) section of the island, accor-
ding to 2019 measurements, the thalweg of the chan-
nel began to shift towards the middle of the channel
(30 m away from the bank), the width of the deep-wa-
ter part (more than 2.5 m) increased to 60 m, along the
island left bank, a canal was formed with a depth of
1.5 m. Over the last two years, the maximum depth of
the channel increased by 0.5 m, the thalweg shifted
to the left bank by 13 m, there were aggradation pro-
cesses on the right slope, and the canal was almost
choked up along the island. All this indicates intensive
accumulative processes along the channel’s right slo-
pe and erosion processes in the area of the thalweg
and the left slope of the channel. In gauging cross-
section 11, approaching the meander top, the thalweg
continued to shift to the middle of the channel; the
left slope of the channel became gentler. Accumula-
tive processes have continued along the right slope in
recent years, and the canal along the left bank of the
island completely disappeared.

In the middle of the island in 2019, the thalweg was
located near the middle of the channel, but in the last
2 years, intensive erosion processes took place along
the left slope of the channel. As a result, the width of
the channel increased sharply, the left slope became
steeper and shifted almost 25 m towards the bank.
During the same period, accumulative processes took
place along the right slope, which caused its partial
decline.

In the area before the meander top (the lower part
of the island) as of 2019 (gauging cross-sections 14,
15), the channel acquired an almost regular parabolic
shape, with a thalweg in the center. The maximum
depth increased sharply to 8 m. In 2021, a partial shift
of the thalweg towards the right bank, the left slope
decline, and the increase in the steepness of the right
bank were recorded. In the center of the meander, the
shape of the channel changed little, but the depth in-

creased to 12 m. In recent years, further erosion of the
convex left slope has been observed (gauging cross-
sections 16). Starting from the center of the meander
top, the channel gradually became asymmetrical, the
thalweg shifted to the right bank, the left slope de-
clined, and the right bank steepness increased. Over
the past 2 years, at the meander mouth, the channel
depth has increased by almost 1 m (gauging cross-sec-
tions 17). Further, after the meander top, the thalweg
of the channel shifted sharply to the right bank, the
channel became sharply asymmetric, and the maxi-
mum depth decreased in gauging cross-sections 18
to 7.5 m and in gauging cross-sections 19 and 20 to
4m.

In recent years large sediment accumulation before
the island has significantly worsened the flow condi-
tions and water exchange in the canal between the
island and the right bank. That resulted in intensive
siltation of the canal and the strait to the boat station,
where the depth was about 0.2-0.5 m. That made it
necessary to clear the lower section of the strait in
2021 to ensure the passage for boats from the boat
station.

CONCLUSIONS

The regular natural processes of the meander de-
velopment in the study area primarily manifest in the
formation of a wide right-bank sand bank and channel
narrowing, reduction of the channel capacity, shift
of the river thalweg, and the maximum flow speed
towards the left bank and its intensive erosion before
the meander top, retreat of the bank line, aggradation
of the left bank near the meander top, as well as the
erosion intensification of the right bank in the area of
the meander top. In the future, this will inevitably lead
to further erosion of the meander land bridge of the
meander and the breakthrough of the loop. As a result,
the channel will be straightened, the loop will die off,
and it will turn into a river dead arm.

Taking into account that the width of the land
bridge has been decreasing in recent decades with
an average intensity of about 1 m per year and today
is only 155 m (the length of the meander is 3250 m), its
erosion and the formation of a new channel is possible
during several high floods, or one flood of a low prob-
ability, similar to the floods occurred in 1917, 1931 or
1970. The meander top is located on the northeastern
outskirts of Chernihiv city, and the river is a place of
active recreation. In case of land bridge erosion, the
river will move away from the city by more than 2 km.
It is necessary to increase the river channel capacity
by clearing it from accumulated sediments along the
right bank of the upper wing of the meander, as well
as by channel dredging and forming of a new chan-
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nel fairway distant from the left bank at the meander
mouth to reduce the intensity of channel processes in
the area of the meander top, in particular, to prevent
the erosion of the left bank before the meander top
and the right concave bank near the meander top.
Cutting the island, clearing and deepening the
right-bank sandbank, and forming a new fairway chan-
nel will ensure an increase in the channel area of the
waterway and, accordingly, a decrease in the flow
speed and its erosive capacity, as well as prevent a
sharp fall of the flow to the left bank and reduce the
intensity of its erosion. It should be noted that accu-

mulative sediments near the meander top and down-
stream the convex bank of the river should not be
cleared, since these deposits are a source of sediment
transportation to the opposite bank downstream and
ensure its relative stabilization.

It is necessary to provide periodic monitoring of
channel deformations (especially after high floods) to
track the dynamics of channel forms and take timely
measures to prevent negative processes of meander
development in the future, in the case of dredging and
bank protection works (Obodovsky A.G. et al, 2001;
Kozytskyi O.M., 2011).
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! lHcmumym 8o0HuUx npobnem i meniopauil, HAAH YkpaiHu,
m. Kuis

2 [{leHmpasneHa 2eogizuuHa o6cepsamopis MHC Ykpaiu,
m. Kuis

BAFATOPIMHA AUHAMIKA PYCJ10BUX
MPOLECIB P. AECHA BIN1A M. HEPHITOBA

Piuka [lecHa, Ha iT ykpaiHcobkil 0inAHyi, He 3ape2ynbosaHa
cucmemoro 8000CX08UL MA BU3HAYAEMbCA 3HAYHOI MPAHC-
nopmyrouyor 30amHicmio Nomoky i, 8i0no8ioHo, 8eAUKUMU
o06’emamu meep00o20 CMoKy. [ina 2i0posio2iyHo20 pexumy
piYKU € XapaKmMepHOI0 BUCOKA iHMEHCUBHUX PyC08UX NPO-
yecis, AKi 4acmo po38usaoMeca y HanpAMKaAx, Wo HebesneyHi
0714 YHKUYIOHYBAHHA yCcmasneHoi )XumJso8oi i 20cnodapcbKoi
iHppacmpykmypu. Ha ce0200Hi cknanacsa HebeaneyHa cumy-
ayis Ha nigHIYHO-CXiOHIl okonuyi M. YepHizig, 0e pycnosa me-
aHOpa 3Haxo0UMbCA HA 3a8epwasbHilt cmadii ceoeo po3sum-
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Ky i 8e 8 nepiod Halib/IuX4yux 8UCOKUX NABOOKI8 MOX/IUBe
YMBOpPeHHsA CNPAMITIOIOH020 PYC/Id i nepemeopeHHsA MeaHopu
8 3ans1aeéHy npomoky. B pesynemami piuka, aka npomikae
6e3nocepedHbo 83008 OKOUYI MiCma ma WupoKo 8UKO-
pucmosyemeocsa 8 pekpeauiliHux yinax cmare 8i0dasneHor 8io
Micma Ha Oekinbka Kinomempis. B pesynsmami nposedeHux
HamypHux 00C/i0XeHb i aHanisy pisHoyacosux kapmozpa-
iyHUX Mamepiasnie ma KOCMIYHUX 3HIMKI8 BUKOHAHO AHAI3
pycnosux degopmayil p. [ecHa 6ina m. YepHieis. Ha ocHo-
8i 00C/1i0XeHHA 2i0p0J1I02i4HO20 peXUMY piuKu, KilbKiCHOI
OUiHKU Mopgosio2iuHUX napamempig pycaa, xapakmepy ma
iHmeHcugHocmi mpaHcgopmayii meaHopu 3a 6azamopiyHul
nepiod, BUKOHAHO NPO2HO3 ii pO38UMKY HA HAUGUXYi pOKU,
a MAkox 3anponNOHOBAHO 3axo0u Wo0o 3abe3neyeHHs ymMos

cmabinizayii pycna. 3okpema, 0718 3MeHWeHHs iHmeHcU8HoCmi
pycnosux npouecie Ha OiNAHYI 8epWUHU 38UBUHU 3anpono-
HOBAHO 36ibWUMU NPONYCKHY 30aMHICMb MeXeHH020 pyc/a
DiYKU WIIAXOM (1020 pO34YUCMKU 8i0 HAKONUYEHUX HAHOCi8
83008 Npasozo b6epeza 8epxHbO20 Kpusia MeaHopu, d MAaKox
npogedeHHA OHONO21U6B8AILHUX PO6IM i hopMy8AHHA
HoB020 (hapsamepa pycna, 8idd0asneHo20 8i0 nisoeo bepeza
Ha 8x00i y 38UBUHY. []na HedonyweHHA N00ATbUW020 PO3MUBY
nepewuliky i (1020 MOX/IUBO20 NPOPUBY Y nNepiod HacmynHux
8UCOKUX NABoOKi8 3anponoOHOBAHO NPOO0BXUMU KpinaeHHs
bepeza 8HU3 3 MedYi€lo piyKu.

KnouoBi cnoBa: pivka, pyciosi decpopmayii, pycnosi npoyecu,
MeaHOpa, MopgoozidyHi napamempu, 2i0ponoeiyHul pexum
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