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ABSTRACT

The article examines the impact of hydropower on channel processes and landscape changes of the Middle Dniester
within the canyon section. Both positive aspects of hydropower development are analyzed, in particular its role as
a renewable energy source and a tool for water resource regulation, as well as negative consequences associated
with the transformation of the natural environment. The research methodology is based on the integrated use
of cartographic materials from different time periods (two-verst maps of the early 20th century, General Staff
maps of the second half of the 20th century) and modern satellite imagery. Methods of geospatial analysis were
applied, including georeferencing, vectorization, and comparison of changes in the water surface area, tributary
lengths, and transformation of riparian territories. The results reveal a significant increase in the water surface
area of the Dniester as a result of reservoir creation: more than twice compared to its natural state according
to mid-20th century maps and approximately five times according to modern data. Substantial changes in
the morphometric characteristics of tributaries were identified, including their shortening and transformation
into bays of various configurations. Changes in riparian areas were also analyzed, including flooding, partial
destruction, and relocation of settlements, which led to further landscape and socio-economic transformations. It
is shown that hydropower facilities significantly affect the hydrological regime, channel morphology, and river
ecosystems. The obtained results emphasize the necessity of an integrated approach to hydropower planning and
development, taking into account environmental constraints, preservation of natural and cultural heritage, and
ensuring sustainable use of water resources.

Keywords: hydropower, Dniester River, reservoir, geographic information systems, remote sensing, landscape
changes, hydrological regime, anthropogenic impact.

INTRODUCTION

Hydrologists and specialists in the conversion
and use of water energy from the Earth’s surface
into electrical energy consider hydropower meth-
ods to be the most efficient source of clean energy
and point out that hydropower is one of the most
widespread types of energy in today’s world [Kow-
alczyk-Jusko et al., 2017; Stefanyshyn et al., 2022].

In the report “Hydropower of Ukraine in the
Context of Global Trends”, authors compare the

successes of Ukraine and developed countries
in using hydropower to meet the population’s
electricity needs and point out that global hydro-
power capacity in 2020 provided about 20% of
the world’s total electricity generation. After the
turmoil of the Russian-Ukrainian war, the share
of hydropower in Ukraine’s national energy bal-
ance has declined significantly in recent decades,
although before the war, national plans for the
development of the electricity sector envisaged a
further increase in the capacity of both large and
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small hydropower plants in the country [Khod-
nevych et al., 2017]. The destruction of the Kak-
hovka hydroelectric power plant on the Dnieper
River, which had a catastrophic impact on nature,
is considered a disaster. At present, it is neces-
sary to apply an approach to the regulation of
hydropower that would include the adoption of
a separate law on hydropower, taking into ac-
count environmental control and the protection
of nature conservation areas. Historical lands and
monuments should also be protected [Lindstrom
and Ruud, 2017; Stefanyshyn, 2018]. In total, the
installed capacity of hydroelectric power gener-
ation in 2020 exceeded 1300 GW [Law..., 2012;
National..., 2019]. It is emphasised that hydro-
power effectively complements other renewable
energy sources, primarily solar and wind, and is
the most efficient technology for electricity gen-
eration in terms of efficiency (up to 96%) [Cab-
inet..., 2016]. The positive effects of hydropow-
er include a reduction in the impact of factors
associated with climate change and the positive
effect of hydroelectric power plants during sig-
nificant flooding.

Civil servants consider stricter requirements
for environmental protection projects to be applic-
able to both new and existing facilities, regardless
of their capacity and ownership, ensuring compli-
ance by investors, project developers, individuals
and organisations that build and operate various
facilities, including hydropower [Musonda et al.,
2025]. It is important to analyse primary sources
of information, which include: scientific publica-
tions and manuals, guidelines and manuals, web-
sites of government agencies and environmental
organisations, regulatory acts, other official docu-
ments in the field of hydropower, and analytic-
al publications in the media. After searching for
and identifying patterns in primary sources of
information, proposals for improving the current
situation in hydropower should be analysed by
addressing the problems identified in the study,
taking into account international experience in
legislative regulation, minimising environment-
al impact, and establishing no-go areas. The goal
of developing new approaches to new policies in
the field of hydropower is to preserve river eco-
systems and achieve environmental standards in
the hydropower industry at the level of advanced
countries. The experience another countries
shows that hydropower has a chance for environ-
mentally sustainable development in the future
only if environmental and social challenges are
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taken into account, in particular, the identification
of areas where the construction of new hydropow-
er facilities would be considered unacceptable for
environmental or socio-environmental reasons
[Fry et al., 2022; Hite, 2025; Quaranta, 2023].

It is emphasised that hydropower provides a
double benefit in the fight against climate change.
Hydropower not only provides clean energy with
significantly lower greenhouse gas emissions than
most other technologies, but also supports the
development of other renewable energy sources
(RES) thanks to its manoeuvrable capacities. This
reduces dependence on fossil fuels and avoids
around 4 billion tonnes of additional greenhouse
gas emissions per year (compared to coal-fired
power generation, according to the 2020 State of
Hydropower Report). The second advantage is
the ability of hydropower to provide water supply
services and act as a water storage facility. Hy-
dropower provides storage capacity for water that
can be used for irrigation, drinking water supply,
flood control, navigation and other services. Res-
ervoirs are necessary to adapt to growing water
needs [Kondolf et al., 2014; Ring, 1956].

Since the beginning of the 20th century, hy-
dropower has played a leading role in the elec-
tricity sector of many European countries and
contributed to their industrialisation processes.
After the Covid-19 pandemic, many vital climate
initiatives were put on hold. However, the UN
Climate Change Conference took place from 31
October to 12 November 2021. The concept of
carbon neutrality is much emphasized in IPCC
Spatial Report on Global Warming [Intergovern-
mental..., 2018]. Aplan of action to reduce carbon
emissions and accelerate the transition to a green
economy was discussed and adopted. In line with
the goals of the Paris Agreement, governments
must take measures to promote the transition to
cleaner and low-carbon technologies to achieve
long-term temperature goals [Huang and Zhai,
2021]. Once again, the issue that is considered
one of the most important in the world has arisen:
the search for renewable energy sources, among
which hydropower occupies a priority place. Ac-
cording to a recently published global forecast
by the International Renewable Energy Agency,
in order to support the commitments under the
agreement, the global hydropower industry will
need an additional 850 GW of installed capacity
by 2050 [International..., 2024].

Although hydropower plants help combat cli-
mate change, they themselves can be vulnerable
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to changing climatic conditions. Fluctuations in
temperature and precipitation, anthropogenic
changes in catchments, increased frequency of
droughts and extreme weather events signifi-
cantly affect river flow [Papadaki and Dimitriou,
2021; Sharma, 2025]. An increase or decrease in
river flow affects water availability and, in turn,
electricity production, creating significant chal-
lenges for hydropower managers. Much of the
world’s hydropower potential remains untapped,
especially in developing countries where reliable
and affordable clean energy is lacking. Particular
attention should be paid to the issues of ration-
al management of water resources. Changing the
natural flow of rivers affects water levels, temper-
atures and chemical composition, which in turn
causes soil erosion and changes in humus content
[Mazur et al., 2016; Nile et al., 2025]. Hydropow-
er plants alter riverbed processes by disrupting the
flow of solids [Grill et al., 2019; Korpak, 2007].
Globally, it is stated that less than one-third of
the world’s large rivers remain free-flowing due
to cascades of hydropower plants [Kondolf et
al., 2014], and after the construction of dams, the
channel morphology and hydraulic characteris-
tics of rivers change [He et al., 2024]. Hydropow-
er plants cause environmental and biotic changes
[Morris, 2020], and also influence the processes
of accumulation and erosion of bottom sediments
before and after the dams [Directive..., 2000;
Moschynskyi et al., 2018; Ring, 1956]. As a re-
sult, the channel geometry, the grain size distribu-
tion of bed sediments and the morphodynamics
of river systems are altered [Brandt, 2000; Petts
and Gurnell, 2005; Williams and Wolman, 1984].
The construction of hydroengineering structures
is one of the main factors in the anthropogenic
transformation of river channel processes. Mod-
ern studies indicate that the impact of hydropow-
er structures on river channel processes is a global
issue characteristic of diverse physiographic con-
ditions. In particular, for rivers in Asia, Africa,
and the Middle East, dam construction has been
shown to cause significant alterations in hydro-
logical regimes and disrupt sediment transport,
which in turn leads to transformations in channel
morphology. For example, in the Yangtze River, a
sharp decrease in sediment discharge has been re-
corded following the construction of a cascade of
hydropower plants, accompanied by changes in
channel forms and the granulometric composition
of deposits [Hamidifar and Nones, 2023; Ji et al.,
2022; Kondolf, 1997].

Similar trends are observed for the Huanghe,
Minjiang and Tekeze rivers, where flow regula-
tion esults in sediment deficits, channel erosion,
and incision [Annys et al., 2020; Liro et al.,
2020; Liu et al., 2024]. Studies of mountain riv-
ers confirm that the dam wall of reservoirs alters
the hydrodynamic characteristics of the flow, re-
ducing flow velocity and shear stress, which af-
fects accumulation and erosion processes [ Yao et
al., 2020]. Thus, regardless of the region, hydro-
power is one of the key factors in the anthropo-
genic transformation of river channel processes,
necessitating research into its impact on changes
in these processes.

MATERIALS AND METHODS

The study was conducted in the Middle Dni-
ester River from Khotyn to Novodnistrovsk on
the Ukraine. The Dniester Canyon was formed
as a result of the specific geological structure of
the area, as well as tectonic movements and pro-
cesses of water and wind erosion. It is located in
the western part of Ukraine. The canyon is home
to numerous nature reserve sites in Ukraine, in-
cluding: Dniester Canyon National Nature Park;
Dniester Canyon Regional Landscape Park;
Dniester Regional Landscape Park; and Bakot
Bay. The Dniester Canyon stretches from the
mouth of the Zolota Lipa to the mouth of the
Zbruch, with a length of about 250 km. It is one
of the largest canyons not only in Ukraine but
also in Europe. In the valleys of the Dniester and
its tributaries, a powerful complex of sedimen-
tary strata is exposed, ranging from the youngest
anthropogenic to the oldest silurian deposits of
the palaeozoic era.

On the right bank of the Dniester near the vil-
lage of Bukivna, as well as on the left bank, on the
Tanutynska Mountain near the village of Dibrova
in the Ivano-Frankivsk region, various rocks of
the Mesozoic era are exposed - deposits of the
Upper Jurassic, which is the only similar expos-
ure over a significant area of the East European
Platform. These deposits, represented mainly by
yellowish-white, organogenic-clastic and oolitic
limestones, contain imprints of several species
of fossil marine algae and various fossil fauna.
Three types of relief have formed in the Dniester
Canyon: sculptural-erosional, hilly-mountainous
and accumulative-flat (mainly on the right bank)
[Ivchenko, 2004].
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Figure 1 shows the location of hydroelectric
power plants and a diagram of a section of the
Dniester River, including the Dniester Hydro-
electric Power Stations 1 and 2, the Dniester
Pumped-Storage Power Station, the Dniester
Main Reservoir 1 and the Dniester Reservoir 2
(buffer reservoir), as well as nearby settlements.

Their main goal was to identify changes and
deformation processes in the riverbed and ripar-
ian areas of the Middle Dniester canyon, caused
by the direct impact of hydroelectric power plants
and related anthropogenic factors. Based on their
own research and ananalysis of literature sources
examining the impact of hydroelectric power
plants on the Ukrainian economy and the effects
of their operation on the natural environment, in
particular river deformation phenomena, changes
in the hydrological characteristics of the Dniester
and its tributaries, and changes in riparian areas,
the authors examined their impact on these pro-
cesses. Specifically, changes in the surface area
of retention reservoirs, the mirror surfaces of
riverbeds, changes in river tributaries, and land-
scape changes in adjacent areas resulting from
changes in the distribution of settlements were
determined. The structural diagram of the study
is presented in Figure 2.

To determine the landscape, channel and hy-
drological changes in the Dniester riverbed in the
selected area, cartographic materials were used:
two-verst maps (1900-1926) and General Staff
maps (1977-1984), as well as medium-resolution
satellite imagery (2025) (Figure 2). While on the
2-verst maps the water surface of the river cor-
responds to its natural course, on the other two

images the areas of the mirror surfaces of the

riverbeds have undergone significant changes due

to flooding caused by the construction of a dam
to cool the hydroelectric power plant equipment.

Description of input materials:

e two-verst maps (2 versts per inch) 1:84000,
contours drawn at 4 fathoms in height (1 fath-
om = 7 English feet = 84 inches = 2.134 me-
tres), (1 verst = 1000 fathoms).

e XXXVIII-20-21 (Bessarabia, Khotyn and
Kamianets-Podilskyi provinces) - map of the
military-topographical department of Petro-
grad, surveyed in 1871, reconnaissance in
1910-1911, printed in 1917.

e XXXVII-21 (Poland, Ukrainian SSR and Bes-
sarabia, Kamianets-Podilskyi) surveyed in
1871 and 1900-1-2, reconnaissance in 1926.

o XXXVII-22 (Bessarabia and Ukrainian SSR,
Stara Ushytsia) — Geokartprom cartographic
factory in Rostov-on-Don, surveyed in 1871
and 1900, reconnaissance in 1926.

e XXXVIII-23 (Bessarabia and Ukrainian SSR,
Murovani Kurylovtsi) — 1907—1908.

e General Staff maps 1:100000:

e M-35-125 (Ukrainian SSR, Ternopil, Khmel-
nytskyi and Chernivtsi regions, Khotyn) Cre-
ated based on a 1:50000 map using data from a
1949 survey, updated in 1977, printed in 1978.

e M-35-126 (USSR. Ukrainian SSR Khmel-
nytskyi, Chernivtsi regions, Moldavian SSR,
Kelmentsi) Created based on a 1:50000 map
using data from a 1949 survey, updated in
1982 and 1984, printed in 1985.

e M-35-127 (USSR. Ukrainian SSR, Vinnytsia,
Khmelnytskyi, Chernivtsi regions, Moldavian
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Figure 1. Map of the Dniester reservoirs (main and buffer) [Khilchevskyi et al., 2022]
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IChannel processes of the Middle Dniester beforeI IChannel processes of the Middle Dniester &Efl

-

I Processing of historical maps I I Processing of historical maps

I Processing of space images

Obtaining and analyzing qualitative and quantitative parameters of changes,

Analysis of changes in the area of the Middle Dniester riverbed and tributaries
Analysis of changes in riverside areas

Figure 2. Structural diagram of studies of the impact of hydroelectric power plant construction on
riverbed processes in the Middle Dniester

SSR, Sokyryany) Created based on a 1:50000
map using data from a 1949 survey, updated in
1985, terrain as of 1983, printed in 1986.

e Maps obtained from https://freemap.com.ua

e Image from Google Maps https://mt.google.com.

The research task includes determining changes
in the water surface of the canyon part of the Dnies-
ter riverbed from Novodnistrovsk to the confluence
of the Garnava tributary. This canyon part currently
serves as the main Dniester reservoir to meet the
needs of the Dniester hydroelectric power plants.
Changes in river tributaries within the scope of hy-
droelectric power plants are considered separately.

RESULTS

The consideration of issues related to the
construction of hydropower facilities, as a
necessary source of modern comfortable human
life on Earth, on the one hand, is associated with
the calculation of hydropower plant capacities
and the construction of reservoirs, and on the
other hand with taking into account all nuances
of landscape changes. Since each river, due to its
specific flow conditions, is studied individually,
the results of changes in the channel, its
tributaries, as well as landscape transformations
for the studied river section will be specific and
different from other sections or river systems. The
complexity of addressing this topic also lies in

the fact that the selection of sites for hydropower
plant construction is often associated with river
sections that are recreationally attractive for
tourism or represent unique landscape areas.

Determination of changes in the water
surface of the canyon part

The measurement of water surface areas was
carried out using images of the canyon section
of the Dniester River within the reservoir. The
measurement points were the points of bends and
intersections of the riverbed line with landscape
elements (Figure 3a-c).

The points for calculating the water surface
area were selected at the bends of the riverbed lines,
as well as at the intersections of the riverbed lines
with characteristic landscape lines (small ravines,
channels, paths, etc.). A total of x, y coordinates
were measured at the following points: for two-
verst maps — 2374 points, with a spacing of 146
m between points; for General Staff maps — 2442
points, with a spacing of 155 m; for the satellite
image — 6314 points, with a spacing of 90 m be-
tween points. The area of the measured object is
determined by the expression:

(1

n
1
= 2 Z(xiYi+1 — Xi+1Yi)
i=1
where: (X, Y,) —

coordinates of points.
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Measurement results are presented in Table 1.
Surface area of the Dniester reservoir from the
village of Isakivtsi to the dam in Novodnistrovsk:
e Two versts: 26.89 km?,

e General Staff: 62.66 km?,
e Satellite image: 133.19 km?.

The two-verst maps were constructed using a
polyconic projection, which allowed large areas to
be mapped with the required accuracy. The maps
show settlements, farms and forests in sufficient de-
tail. In Figure 3a, the Dniester riverbed is not flood-
ed, while in Figures 3b and 3c, the water surface
has increased due to the construction of a dam and
the transformation of the riverbed into a reservoir.

As a result of the construction of hydropower
facilities, the water surface area of the Dniester
increased by 2.3 times on the General Staff map
compared to the corresponding area of the natu-
ral flow of the Dniester riverbed shown on the
two-verst map, and on the photograph, the cor-
responding area exceeds the area of the two-verst
map by 5 times.

Analysis of changes in the tributaries
of the Middle Dniester

The transformation of the riverbed into a res-
ervoir in Figures 3b and 3¢ caused changes in the
lengths of the river’s tributaries, as well as the
formation of new bends or spills.

Figure 4 shows a diagram of measurements
of the lengths of the tributaries of the Studenitsa
River, flooded by the reservoir. In the diagram, L1
is the length along the bed of the flooded tributary
as of 1980, and L2 is as of 2025. The results of
these measurements are presented in Table 2. As
a result of flooding of tributaries, bays of various
configurations are formed in the form of local pla-
nar, elongated shapes (Figure 4).

The changes in the characteristics of
the tributaries, visible in Figure 5, are very
interesting when we compare the lengths of the
tributaries on two-verst maps (natural riverbed)
and General Staff maps (after the flooding of the
canyon).The length of all tributaries decreased:
the length of the Dniester tributary Studenytsia

Figure 3. The Dniester River against the background of raster images: a — two-verst maps
(1900-1926), b — General Staff maps (1977-1984), ¢ — satellite image (2025)
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Table 1. Changes in water surface area

Year Area, km? Difference, km?
1900 26.89

1980 62.66 35.77 (1980-1900)
2025 133.03 107.30 (2025-1900)

on the General Staff map decreased by 4.31 km;
the Ushytsia tributary decreased by 18.13 km;
the Danylivka tributary decreased by 3.72 km
(Table 2), etc. Among all 27 tributaries, not a
single one showed an increase in length under
the influence of canyon flooding during its
transformation into a reservoir. However, after
flooding, the formation of new, generally short
bays can be observed, as well as flooded near-
channel areas.

Analysis of changes in riparian areas

Hydroecological changes in the landscapes
of riparian areas are among the most significant,
as they are associated with significant chang-
es in the territories due to the forced relocation
of settlements and changes in agricultural land
management. The main areas of change in the re-
settlement areas were crop production, livestock
farming, and horticulture.

In order to identify and analyze changes relat-
ed to the relocation of settlements to safe places,
the settlements were mapped as shown in Figure 6.

A total of 113 settlements were analyzed, in-
cluding 13 cottage cooperatives (CC). 91 settle-
ments are marked on the two-verst maps; 81 set-
tlements are marked on the General Staff maps;
and 92 settlements are marked on the satellite im-
age. The results of the calculation and comparison
of areas are presented in Table 3. A clear, almost
two-fold increase in area related to the relocation
of settlements between 1980 and 2025 is visible.

In order to understand the difficult process
of resettling people to new territories, which
was sometimes accompanied by worsening liv-
ing conditions (poorer land, distance from public
transport, conflict situations, etc.), the settlements
that underwent changes as a result of the con-
struction of the Dniester Reservoir were divided
into groups (Table 4).

Information about flooded villages was ob-
tained from the stand “Completely flooded villag-
es during the filling of the Dniester HPP reservoir
in 1981-1987” [https://commons.wikimedia.org/
wiki/File:3aromureni_cena.jpg] and verified using
cartographic data and satellite imagery.

Not all villages that ended up under water
were flooded at the same time. Those located di-
rectly on the banks of the Dniester were flooded
by 1980. Figure 7a shows an example of such a
settlement — the town of Studenytsia. Villages lo-
cated further from the Dniester riverbed on the
banks of tributaries were flooded much later. In
Figure 7b, the settlement of Chuhor along the

Figure 4. Gradual flooding of tributaries based on the example of the Studenitsa River:
L1 — length along the bed of the flooded tributary as of 1980, L2 — as of 202
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Table 2. Lengths of flooded tributaries of the
Middle Dniester

>z

No Tributary Length of flooded tributary, km _‘
: name L1asof 1980 | L2 as of 2025 . §ﬁ 3 1}%): | : %\2\;5\

1 Danylivka 4.05 7.77 B @jc@\%j}ﬁ Vs ekl ¢ ‘%
2 Zharnivka 3.12 5.97 % \;c:%g; ne e~ TP |
3 Calius 7.87 13.37 _3“@ o s 10

4 Materka 1.8 3.58 U em— km

> Muksha 2.76 441 Figure 6. Scheme of the location of settlement

6 Rudka 2.08 426 boundaries in the study area as of 2025

7 Sara Lunha 1.16 1.29

8 Smotrych 9.13 10.31

9 | Studenytsia 5.76 10.07 Ushytsia tributary is still visible on the 1980 map,
10 Sursha 2.04 3.1 but it is no longer visible on the satellite image.
1 Ternava 5.56 6.22 Ten settlements within the Dniester Reservoir
12 Ushytsia 8.7 26.83 and its tributaries were partially flooded. The ter-
13 tributary 1 0.09 0.67 ritory of these settlements, which ended up above
14 tributary 2 0.6 1.39 the current water level of the reservoir, has been
15 | tibutary3 0.35 0.47 preserved, and people continue to live there. Peo-
16 | tributary 4 1.29 167 ple were forced to leave the flooded territory. An
17 | tibutary5 1.38 1.93 example of such settlements is shown in Figure 8.
18 | tributary 6 2.06 2.58 Two settlements, Darabany (Figure 9) and
19 | tributary 7 2.23 3.45 Polyvaniv Yar, are not flooded but have ceased to
20 | tibutary8 142 8.17 exist. In 1987, the residents of the village of Dara-
21 | tributary9 171 2.88 bany were resettled to the neighboring village of
22 | wibutary 10 0.44 0.92 Anadoly. Five settlements were relocated to other
23 tributary 11 0.79 1.15 areas (Figure 10).

24 | wibutary 12 279 3.99 The increase in population caused by resettle-
25 | tibutary 13 1.62 2.48 ment from flooded areas and other demographic
26 | tributary 14 0.86 1.37 factors has resulted in an increase in the area of
27 | tributary 15 0.73 147 settlements (Table 3) and significant changes in

tributary

1900
1980
12025

tributary
1 1900

1980
[ 2025

0 1 2

Figure 5. Formation of bays on the tributaries of the Dniester: a — Bakot Bay of the Dniester Reservoir
on the territory of the Ruska River tributary (fan-shaped expansion); b — bays on the territory of the Danilivka
and Petriv Batig River tributaries (elongated shape)
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Figure 7. Flooded settlements: a — Studenytsia against the background of a two-verst map;
b — Chuhor against the background of a General Staff map and a satellite image

Table 3. Results of calculation and comparison of areas of settlements

Area increase, km?
Arrangement Total area, km?
1900-1980 1980-2025 1900-2025
On two-verst maps 105.66
On General Staff maps 111.84 6.18 12.22 18.40
On satellite images 124.06

Figure 8. Partially flooded settlements of Voronovytsia and Sokil against the background
of a two-verst map and a satellite image
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the landscape due to intensive agriculture. An ex-
ample of such changes is shown in Figure 11.

In addition to the relocated settlements, new
ones have been established. For example, the
city of Novodnistrovsk (Figure 12) was found-
ed in 1973 and is one of the youngest cities in
the Chernivtsi region. The large coastal area of
the Dniester Reservoir has become the location
of numerous recreation complexes and cottage
cooperatives in the modern period (Figure 13). In
particular, thirteen such cooperatives were identi-
fied in the study area.

\ N, SO/

Table 4. Number of settlements that underwent changes
as a result of the construction of the Dniester Reservoir

Group Number

Flooded 19
Flooded before 1980 16
Flooded after 1980 3
Partially flooded 10
Liquidated after 1980

Transferred 5
New, including DC 22
New after 1980, including DC 14

2 { 2Xm [ 11900

Figure 9. The liquidated settlement of Darabany against the background of a two-verst map
and a satellite image

Figure 10. The relocated settlements of Stara Ushytsia and Korman against the background
of a two-verst map and a map of the General Staff

Figure 11. Changes in the settlement of Mykhalkovo and the surrounding landscape:
a — two-verst map; b — satellite image
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\
AR 'S

Figure 12. The boundary of the city of Novodnistrovsk against the background

of a two-verst map and a satellite image

DISCUSSION

Research results indicate various causes of
changes in the river channel processes, depending
on the landscape conditions of its flow, in particu-
lar geological structures, and the river’s impor-
tance for human life. Other changes in channel
processes are related to river hydropower, which
has both positive and negative aspects and re-
quires a coordinated and well-studied position
from various experts [Burshtynska et al., 2019;
Kiraga, 2021; Tomczyk and Wiatkowski, 2021].

Particular concern arises regarding the con-
struction of six hydropower plants on the Dnies-
ter within the Dniester Canyon, as proposed in the
Hydropower Development Program [Cabinet...,
2016; Tomczyk and Wiatkowski, 2020; WWF...,
2018]. Among the main socio-environmental
risks of operating the planned cascade of hydro-
power plants in the Dniester Canyon, serious en-
vironmental consequences and social challenges,
in particular the resettlement of people, are high-
lighted. As research shows, displacement can
have both positive and negative impacts on the
displaced population [Egré and Senécal, 2003;
Hayetal.,2019; Huang et al., 2018]. However, the
greatest losses are associated with the destruction
of unique natural landscapes. The construction
of six hydroelectric power plants on the Dniester
within the Dniester Canyon between the villages
of Ustyia (Chernivtsi region) and Vistria (Ter-
nopil region), as announced in the Hydropower
Development Programme on the Ukraine, cannot
leave anyone indifferent. The ignoring obvious

facts that make such construction not only im-
practical, but also potentially posing significant
environmental and social threats [Small..., 2020;
Stefanyshyn and Vlasyuk, 2019a; Zhou et al.,
2025]. Many research results around the world
confirm the unfavorable impact of dam reservoirs
on the environment [Calder et al., 2016; McCart-
ney, 2009; Randell, 2022]. To achieve the project-
ed hydropower parameters of the Upper Dniester
cascade, reservoir construction would require the
inundation of lands within the “Dniester Can-
yon” National Nature Park [Hetman, 2016; Ste-
fanyshyn, 2017]. There is also a potential threat
of large-scale flooding requiring resettlement and
evacuation, or at least periodic inundation during
peak operation with daily regulation — considered
the most environmentally harmful operational re-
gime for river ecosystems [Yao et al., 2022; Zhou
et al., 2023]. The assessment of peak operation
regimes as harmful to river ecosystems [Cabi-
net..., 2016; Law..., 2012; National..., 2019]
is also reflected in the Water Framework Direc-
tive [Landau and Stashuk, 2018]. However, un-
like widely accepted international practice, which
recognizes peak operation regimes of hydropow-
er plants as detrimental to river ecosystems, such
considerations are not always fully integrated into
national planning in the Ukraine.

The scale of planned small hydropower de-
velopment in the Carpathians is also alarming.
In Zakarpattia region alone, 330 small HPPs are
planned; in Ivano-Frankivsk region, estimates
range from 50 to 150; and up to several dozen
more are planned in Lviv and Chernivtsi regions
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Figure 13. The boundary of one of the cottage cooperatives against the background
of a two-verst map, a General Staff map, and a satellite image

[Let’s..., 2012; Stefanyshyn, 2018b; Stefanyshyn
and Vlasiuk, 2019a]. Research shows that Ukraine
has great opportunities to develop hydropower
[Bryletal.,2019; Halych etal., 2023; Stefanyshyn,
2024]. However, the implementation of such plans
would effectively lead to the degradation of most
Carpathian rivers, the collapse of rafting tourism,
and the loss of ecological and recreational value of
the region. The area of flooded land could be sig-
nificant, resulting in the loss of agricultural land
and forests. However, the greatest losses are as-
sociated with the neglect of environmental issues
and the destruction of unique natural landscapes,
such as the Dniester Canyon.

The idea of building hydroelectric power
plants on the Dniester River has received a lot of
attention in civil society circles. Activists point
out that the implementation of the Verkhnodnis-
trovskyi HPP cascade project could lead to the
flooding of settlements located near the Dnies-
ter, archaeological and architectural monuments;
dams would make the development of water
tourism impossible; some species of animals and
plants would be destroyed, and their natural habi-
tats would be disrupted. Changes in the landscape
could lead to the disappearance of the natural
habitats of rare species. Many studies have paid
special attention to the geodiversity of the geo-
morphological regions of the Upper and Middle
Dniester and the methods of determining the river
deformation processes [Burshtynska et al., 2023;
Burshtynska et al., 2024; Kravchuk et al., 2016].

According to Ridush’s team reasearchers
[Bondar et al., 2019; Ridush et al., 2021], the con-
struction of the HPP also threatens world-class
archaeological sites: “If the water level in Doro-
shivtsi rises by 12 metres, many monuments will
be lost forever, not only to the history of Ukraine,
but to the whole of Europe. After all, they have not
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yet been fully explored”. Therefore, the Ternopil
and Ivano-Frankivsk regional councils, public and
environmental organisations of Ukraine and Mol-
dova have expressed their support for opponents of
the hydroelectric power plant. Taking into account
the fact that in the Ivano-Frankivsk region, various
rocks of the Mesozoic era are exposed, represented
mainly by yellowish-white organogenoclastic and
oolitic limestones, contain imprints of several spe-
cies of fossil marine algae and diverse fossil fauna
[Ivchenko, 2004], flooding such a geographically,
geomorphologically, and environmentally unique
area appears not only unacceptable, but also un-
lawful, given the losses for scientific research. At-
tention is also drawn to controversial proposals that
border on a lack of understanding of the losses as-
sociated with the flooding of protected areas, which
serve as habitats for Red Book fish species, unique
birds, and rare plant communities — particularly
within the Dniester Canyon [Stefanyshyn, 2017].
Environmentalists express a strongly negative
view of hydropower development, which is
associated not with the performance indicators
of different types of hydropower plants, but with
changes in the region’s environmental conditions
and their adverse impacts on the environment
[Small..., 2020; Stefanyshyn, 2017, Stefanyshyn
et al.,, 2022]. Specialists engaged in nature pro-
tection also treat this type of energy with caution,
emphasizing the main causes of the destructive im-
pact of hydropower on ecosystems [Stefanyshyn,
2018b, WWF..., 2018]. Such impacts include:
e degradation of river biodiversity;
e increasing water scarcity;
e destruction of natural habitats of flora and
fauna;
e obstruction of fish migration, leading to popu-
lation decline;
e flooding of large areas
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Recent evidence and knowledge suggest that
we are entering a new era of hydropower manage-
ment. It is argued that understanding past policy
models and regulatory approaches is essential for
developing more sustainable hydropower man-
agement systems that meet current and future so-
cial and environmental needs. Drawing on these
lessons learned, new, more sustainable manage-
ment systems can be shaped in unprecedented
ways [Lindstrém and Ruud, 2017].

It should be noted that the main reasons
for the negative phenomena in Ukraine include
the lack of legal regulations in the country that
would support the development of hydropower,
taking into account the rational use of natural
resources and not causing excessive damage to
the environment [Kurbatova et al., 2022; Stefany-
shyn, 2018a; Stefanyshyn and Vlasyuk, 2019b].

CONCLUSIONS

1. The use of archival cartographic materials and
current data obtained using modern remote
sensing methods provides an overview of long-
term changes occurring in river valleys as a re-
sult of water damming. It also enables forecast-
ing areas potentially flooded by the construction
of further hydroelectric power plants and the
associated environmental and social problems.

2. The results of research into the impact of hydro-
power on landscape changes in both the Middle
Dniester itself and the riparian areas showed
changes in the river’s water surface area, chang-
es in both the geometry and hydrology of the
Dniester’s tributaries, as well as changes in the
riparian area caused by flooding and the reloca-
tion of settlements to safer areas, which in turn
became a catalyst for changes in the area due to
the intensification of economic activity.

3. After the flooding of the Dniester and its trans-
formation into the main reservoir, the water
surface area, compared to the depiction of the
Dniester on the two-verst maps, where the river
has a natural character, increased on the General
Staff map by 2—-3 times compared to the corre-
sponding area of the natural flow of the Dniester
riverbed shown on the two-verst map, and on
the satellite image, the corresponding area is 5
times larger than the area on the two-verst map.

4. Studies of changes in the Dniester’s tributar-
ies after flooding indicate a tendency toward a
decrease in the length of the tributaries. A total

of 27 tributaries were studied, and in most cas-
es, the length of the tributary compared to its
length on two-verst maps decreased by 2—3 m.
However, on some tributaries, the length of
the tributaries decreased, for example, for the
Ushytsia tributary by 18 km; Calius — 5.5 km;
Studenytsia — 4.3 km.

5. The results of research show that the construc-
tion of dam reservoirs for energy purposes is
associated with the flooding of vast areas of
river valleys and the degradation of the local
environment. It also results in the loss of settle-
ment areas, valuable agricultural lands, and ar-
chaeological and cultural heritage sites.
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