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SUMMARY

This paper presents a retrospective analysis of the transformation of the river system of the
left tributaries of the Middle Dnieper over the XIX — early XXI centuries. The study is based
on the cartographic method, involving the overlaying of maps from different time periods and
satellite images (1985-2020). The total river network length, the number of watercourses,
and river density have been calculated for the entire left-bank Middle Dnieper region and for
key river basins. The research highlights significant changes due to climate change and
human activity, particularly the construction of reservoirs, ponds, and drainage channels,
which have led to the disappearance of over 500 watercourses in the study region. Overall,
the river network length has been reduced by 3,187 km over the past 150-200 years.
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Introduction

This paper presents a retrospective analysis of the transformation of the river system of the left
tributaries of the Middle Dnieper over the XIX — early XXI centuries. The study is based on the
cartographic method, involving the overlaying of maps from different time periods and satellite
images (1985-2020). The total river network length, the number of watercourses, and river density
have been calculated for the entire left-bank Middle Dnieper region and for key river basins. The
research highlights significant changes due to climate change and human activity, particularly the
construction of reservoirs, ponds, and drainage channels, which have led to the disappearance of over
500 watercourses in the study region. Overall, the river network length has been reduced by 3,187 km
over the past 150-200 years.

The transformation of river systems is a pressing environmental issue worldwide. In Ukraine,
hydrological changes have been especially pronounced in the left-bank tributaries of the
Middle Dnieper, such as the Psel, Vorskla, Sula, Trubizh, and Supiy Rivers. These rivers play
a crucial role in agriculture, industry, and water supply, yet their hydrological characteristics
have been significantly altered due to both natural and anthropogenic factors. This paper aims
to analyze the transformation of the hydrographic network in the left-bank Middle Dnieper
region, assess the causes and consequences, and develop a dynamic cartographic model
illustrating changes over time.

Method and Theory

The study employed GIS technologies, remote sensing, and cartographic analysis. Historical
topographic maps from the XIX and XX centuries, including the Russian Empire’s military-
topographic maps (1846—1863) and Soviet General Staff maps (1954-1990), were compared with
satellite images from Google Earth Pro, EOSDA LandViewer, and NASA Worldview. The
hydrographic network was vectorized using GIS software (QGIS, SAGA) to determine changes in
river length and quantity.

Results

The hydrographic network of the left-bank Middle Dnieper has been significantly transformed due to
both climatic and anthropogenic factors. Among anthropogenic influences, the construction of dams
has had the most significant impact, leading to the creation of artificial reservoirs and ponds. The total
area of reservoirs in the region accounts for 0.26% of its total area, while ponds cover 0.5%. These
human-induced changes, combined with global and regional climate shifts, have resulted in a
substantial loss of river length and the number of watercourses.

The modification of river channels began as early as the 16th century with the construction of
temporary dams for water mills. These structures, made of branches and soil, were frequently washed
away by seasonal floods. In the 19th century, water mills became widespread, and permanent concrete
dams began to be constructed in the early 20th century. By the mid-20th century, networks of
drainage and irrigation canals were developed, altering the riverbeds across the region (Sarnavskyi, S.,
Grebin, V., & Yermakov, V., 2024).

From the late 1940s to the 1950s, numerous ponds and reservoirs were built, including small
hydropower cascades and navigational developments along Dnieper tributaries. However, the most
significant transformations occurred during the 1950s—1970s with the construction of large Dnieper
reservoirs — Kremenchuk, Kamianske, and Kaniv — submerging 3,492 km? of land, an area
equivalent to 1.6 times the Supiy River basin (Grebin, V. V., Khilchevskyi, V. K., Stashuk, V. A.,
Chunaryov, O. V., & Yaroshevych, O. Ye. (Eds.), 2014).

Throughout the 20th century, the total river length in the Middle Dnieper region decreased by 3,187
km, including a 307 km reduction in the Dnieper’s main channel and a 387 km loss in its left
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tributaries. Around 45 rivers were fully or partially submerged under the Kremenchuk, Kaniv, and
Kamianske reservoirs. In total, 2,894 ponds and 108 reservoirs were built, primarily on first-, second-,
and third-order tributaries. These artificial water bodies have transformed small rivers into cascade
systems, often interrupting natural flow, particularly during low-water summer-autumn periods.

The loss of river length is primarily attributed to the mass construction of reservoirs for hydropower,
agriculture, and water supply. The most affected river basins include the Uday, Govtva, Kolomak,
Merla, Vorsklytsia, Tagamlyk, and Sudzha. The highest regulation levels are found in the Sula, Supiy,
Vorskla, and Psel basins, with smaller basins such as Kryva Ruda, Kovrai, Kobelyachok, and
Kagamlyk experiencing extensive pond construction.

Currently, the left-bank Middle Dnieper region contains 3,002 artificial water bodies, occupying
0.76% of the total sub-basin area. Another critical anthropogenic factor affecting the hydrographic
network is the straightening and transformation of riverbeds into drainage channels. This process
began in the early 20th century and peaked between the 1960s and 1990s. As a result, many small
rivers disappeared, and the lengths of medium-sized rivers were artificially reduced. The construction
of drainage systems on rivers such as Trubizh, Uday, Supiy, Romen, Zolotonoshka, Orzhytsia, and
Hnyla Orzhytsia has led to the loss of natural floodplains, reducing stable river discharge during dry
seasons.

The total area covered by drainage reclamation systems in the region is estimated at 9,703 km?,
leading to a 0.14% reduction in wetland areas that previously supported consistent river flow. The
findings highlight the need for sustainable water resource management and restoration strategies to
mitigate further degradation of the hydrographic network.

The results indicate a substantial reduction in the hydrographic network due to climate change and
human activity. The total river network length decreased from 19,267 km in the XIX century to
16,081 km by the late XX century, a loss of 3,187 km. The number of watercourses declined
significantly, with 596 rivers and streams disappearing over the past 150-200 years (Figure 1).

Change in the river network in the 19th-20th centuries

Loss of the river network in the 19th-20th centuries

Figure 1 Changes in the parameters of the river network of the left bank of the Middle Dnieper in the
19th—20th centuries.

The hydrographic network of the left-bank Middle Dnieper region has undergone substantial
transformations over the past two centuries due to climate change and human activities. The most
significant reduction in river length was recorded in the Psel basin, where watercourses have
decreased by 1,066 km, which accounts for approximately 17% of the modern river network (Table
2). Many first-order tributaries, such as Sukhyi Kahamlyk, Omelnyk, Manzhelia, and others, have
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disappeared. Several rivers, including Balakliyka, Tukh, and Bahachka, have turned into seasonal
streams. Tributaries of the Khorol River, such as Kuriievatytsia, have also shortened. The most
critical situation is observed in the left tributaries of the Govtva and Hrun-Tashan basins, where
multiple rivers have vanished.

Table 2 Changes in the hydrographic network parameters of the Left-Bank Middle Dnieper in the
19th and 20th centuries.

River Basin | Length in | Length in | Difference, | Number | Basin | Density | Density | Difference,
the 19th | the 20th km of area, in the in the km/km?
century, | century, disappear | km? 19th 20th

km km ed rivers century, | century
km/km? | km/km?

Kovalivka 32.5 15 17.5 4 122 0.26 0.12 0.14
Prirva 37 37 0 0 201 0.18 0.18 0.00
Ruda- 52.9 48 4.9 2 476 0.11 0.10 0.01

Horikhivka

Darnytsia 54.7 38.5 16.2 4 133 0.41 0.29 0.12
Kovrai 54.9 43.5 114 4 256 0.21 0.17 0.04

Ikva-Pavlivka 84.3 50 343 8 455 0.18 0.11 0.07
Kahamlyk 96 74 22 4 564 0.17 0.13 0.04
Kobelyachok 112.1 85 27.1 7 330 0.34 0.26 0.08
Irklii 121.2 78 43.2 9 318 0.38 0.24 0.14
Kryva Ruda 162.8 78 84.8 13 614 0.26 0.13 0.13
Zolotonoshka 360.1 225 135.1 20 1260 0.28 0.18 0.10
Supii 630.6 480 150.6 32 2165 0.29 0.22 0.07
Trubizh 1004.3 736 268.3 46 4700 0.21 0.15 0.06
Sula 4875.5 4304 571.5 108 19600 0.25 0.22 0.03

Psel 7370.5 6305 1065.5 206 22800 0.32 0.27 0.05
Vorskla 4218.2 3484 734.2 129 14700 0.29 0.24 0.05
Total 19267.6 16081 3186.6 596 68694 0.26 0.19 0.07

In the Vorskla basin, the river network has lost 734 km, accounting for 10.4% of its length over the
last 150 years. The most affected areas are the middle and lower reaches, where the entire system of
the Brachkivka River has disappeared. The Viismachka and Kobeliachka rivers have shortened, and
the left tributary, Kustolova, has become a seasonal river. The left tributary Poluzirya has lost nearly
all of its feeder streams, including Didova Balka, Rybchanske Poluzirya, and Pobivanka. One of the
largest rivers in Poltava, Vilshana, has also become a seasonal watercourse. The Tagamlyk River has
partially dried up in both its upper and lower reaches, while several tributaries of the Vorskla River,
such as the Tyutyunnykivska Balka, Mikilska Balka, and Holovach-Okren, have disappeared entirely.
The Sula River basin has experienced significant transformations, particularly in its lower reaches,
where the river network has decreased by 572 km (13.3%) over the past 150 years. Many rivers have
disappeared due to the construction of the Kremenchuk Reservoir, including Ryzhnova and
Liaschivochka. Several left tributaries of the Orzhytsia, Mokryi Irzhavets, Sliporid, and Udai rivers
have also dried up due to straightening and drainage modifications.

The Trubizh basin has seen a 268 km (36.4%) reduction in its river network since the 1830s. River
channels have been modified due to the construction of drainage canals. Tributaries such as Karan,
Bulatytsia, and Tsyblia have disappeared or transformed into artificial ponds. The Nedra River basin
has also experienced significant modifications, with many of its tributaries now regulated by
reservoirs and drainage systems.

The Supiy basin has lost 151 km (31.4%) of its river network, mainly due to the drying of tributaries
in the lower and middle reaches. The Kalata and Saha rivers have disappeared, while major
tributaries, such as Irzhavets and Malyi Supiy, have been converted into reservoirs.
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The most dramatic losses occurred in small river basins of the left-bank Middle Dnieper. The Ikva-
Pavlivka system lost 68.6% of its rivers, followed by the Zolotonoshka (60%), Irklii (55%), and
others. In the Kyiv region, rivers like Darnytsia have been extensively modified, with much of its flow
redirected into artificial drainage systems and reservoirs (Vyshnevskyi, V. I., 2021).

The transformations of the hydrographic network indicate a significant decrease in water availability,
biodiversity loss, and ecosystem degradation. These findings highlight the urgent need for sustainable
water resource management and river restoration efforts.

Conclusions

The analysis of the hydrographic network transformation of the left tributaries of the Middle Dnieper
using GIS methods, remote sensing, and cartographic analysis resulted in the development of a
dynamic cartographic model for the 19th-21st centuries. This model illustrates the changes in the
river network over different periods based on both observed and projected data.

The total river length in the left-bank Middle Dnieper basin decreased from 19,268 km in the 19th
century to 16,081 km in the 20th century, resulting in a loss of 3,187 km. This led to a reduction in
river density from 0.26 km/km? to 0.19 km/km?. The most significant losses occurred in small river
basins of the Dnieper Lowland, particularly Kryva Ruda and Kovalivka. The number of rivers
declined from 4,849 in the 19th century to 4,253 in the 20th century, with the largest losses observed
in the Psel (206 rivers), Vorskla (129), Sula (108), Trubizh (46), Supii (32), and Zolotonoshka (20)
basins.

The most significant reductions in watercourses were recorded in the southern, southeastern, and
southwestern parts of the region, where climate aridification is most pronounced (Sarnavskyi, S. P.,
2023). The degradation of the river network has been a long-term process, continuing to accelerate.
The primary causes include rising air temperatures, decreasing precipitation, and prolonged summer-
autumn droughts, leading to the drying of small rivers and streams. Anthropogenic activities, such as
large-scale flooding, river flow regulation, fragmentation of watercourses, channel straightening,
wetland drainage, and declining groundwater levels, have further exacerbated these changes.

The losses in the river network from the 19th to the early 21st century are largely irreversible and
continue under present climatic conditions. These processes contribute to growing water scarcity,
deteriorating drinking water quality, and transformations in aquatic ecosystems, posing significant
environmental challenges for the region.
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