ISSN 2311-3383 (print) ISSN 2519-4577 (online)
DizuyHa reorpadis Hayxogi 3anucku. Ne3. 2025

PIBUYHA I'EOI'PADIA

VIIK 556.5+504.06 (477.84)
DOI:https://doi.org/10.25128/2519-4577.25.3.2

Liubov YANKOVSKA, Candidate of Geographical Sciences,
Associate Professor, Department of Geoecology and Hydrology,
ORCID: https://orcid.org/0000-0001-7939-7423
Ternopil Volodymyr Hnatiuk National Pedagogical University,
46015, M. Kryvonosa St., 2, Ternopil, Ukraine

Svitlana NOVYTSKA, Candidate of Geographical Sciences,
Associate Professor, Department of Geoecology and Hydrology,
ORCID: https://orcid.org/0000-0001-7354-4787
Ternopil Volodymyr Hnatiuk National Pedagogical University
46015, M. Kryvonosa St., 2, Ternopil, Ukraine

Ihor CHEBOLDA, Candidate of Geographical Sciences,
Associate Professor, Department of Geoecology and Hydrology,
ORCID: https://orcid.org/0000-0002-3632-8599
Ternopil Volodymyr Hnatiuk National Pedagogical University
46015, M. Kryvonosa St., 2, Ternopil, Ukraine

Natalia TARANOVA, Candidate of Geographical Sciences,
Associate Professor, Department of Geography and Teaching Methods,
ORCID: https://orcid.org/0000-0003-4937-7469
Ternopil Volodymyr Hnatiuk National Pedagogical University
46015, M. Kryvonosa St., 2, Ternopil, Ukraine

Taras ZASTAVETSKY]I, Candidate of Geographical Sciences,
Associate Professor, Department of Geography of Ukraine and Tourism,
ORCID: https://orcid.org/0000-0002-7959-2955
Ternopil Volodymyr Hnatiuk National Pedagogical University
46015, M. Kryvonosa St., 2, Ternopil, Ukraine

MODELLING THE WATER REGIME OF THE SERET RIVER
UNDER CLIMATE CHANGE CONDITIONS

The paper proposes an algorithmic model for hydroecological research of the Seret River, considers the main
hydrometric characteristics of the river, analyses climatic changes that affect the components of the water balance of the
territory. An important aspect of the work is the collection and processing of the results of monitoring observations from
the largest hydrological station in Chortkiv for 2015-2023. Graphical modelling and mathematical calculations have
proven that the Seret River is becoming shallower, which in turn has led to a decrease in the self-cleaning potential of
the watercourse. At the same time, heavy rainfall causes dangerous floods. The main regulatory and legal acts in force
in the field of water use, protection and restoration of water resources are analysed. Management measures to reduce
the negative impact of climate change in the Seret River basin are justified.
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MOJIEJIIOBAHHA BOJHOI'O PEXKUMY PIYKU CEPET
B YMOBAX KIIIMATUYHUX 3MIH

B ocmanni oecamunimms 6ce 6invie ysasu NPUOINAEMbCA BUBHEHHIO MAUX | cepedHix pivok. Lle nos'szano ne
MiTbKU 3 HeoOXIOHICMIO peanizayii KOMNJIEKCHUX eKOJ02IYHUX Cmpameciil UKOPUCAHHA 600HUX pecypcis, ane U 3
VCBIOOMACHHAM — BAJNCAUBOCMI  BOOHUX  00'€ckmie 01  (QYHKYIOHYBAHHA — HABKOAUWHBLO2O — cepedosuwya  ma
arcummeoisnbHocmi oounu. Memoio 0ano2o 00CaiONCeHHS € GUABLEHH OCHOBHUX 3AKOHOMIPHOCHEN 3MiHU 800HO20
peorcumy piuku Cepem i 062pYHMYBAHHSA YAPAGTIHCOKUX 3aX00L8 0I5l HOM SIKUEHHSL HACTIOKIG KIIMAMUYHUX 3MIH Y OaceuHi
PIUKU.

Y pobomi sanpononosana arcopummiuna modens 2iopoexonoziunozo 0ocnioxcenns p. Cepem, po32usinymo 0CHOGHI
2I0poMempUYHi XapaKmepucmuKky piuKu, aHAIIZyIOMbCs KIMAMUYHI 3MIHU, WO GNIUSAOMb HA CKIAO08I 800HO20
banancy mepumopii. Baowciusum acnexmom pobomu € 30ip ma OnpaylO6amHs pe3yibmamis MOHIMOPUHEOBUX
cnocmepedicenb 3 HAUbLIbUI020 2ioponoeiunoeo nocma y M. Yopmeie 3a 2015-2023 pp.

Bcmanosneno, wo kaimamuuni 3minu npuzeeiu 00 NIOGUWEHHST CepeOHbOPIUHOT memnepamypu nogimps, ujo
0Co0aUBO NOMIMHO20 8 3uMO8i ma nimui micayi. Ha mai niosuwenns memnepamypu nogimps y ooauni piuku Cepem
cnocmepieacmvCsi HepiBHOMIPHULL po3noodin onadis. Lle npuzeooums 00 inmenHcu@ikayii NOCYWIUGUX A6UWY, A 8 Menaull
nepioo XxapakmepHumu CMarwms 31UB08i Ma JOKAIbHI ONadu, AKi NPOBOKVIOMb Hebesneuni nagooxu. Memoodamu
epaghiunoco MoOento8anHs ma MamemMamudHux po3paxyHkie 6yno 0oeedeno, wo 6iodysacmuvcs oomininns piuku Cepem,
OCKIbKU cepeOHill NOKA3HUK PIBHS 800U 8 Piuyi YRPOOO0BIHC OOCTIONHCYBAHO20 NPOMINCKY 4acy 0V6 HUdNCUULL 3a cepeoHill
b6acamopiunuil (390 cm). Ocobaugo Huswbkuil pisenb 6oou y p. Cepemi cnocmepieascs y 2016 ma 2017 pokax (352 - 353
cm), mobmo 6ionogiono Ha 37-38 cm menwuu 6i0 Hopmu. Lle y 6010 uepey CNpuUYUHULO 3HUICEHHS NOMEHYIaLy
CAMOOYUUEHH B0OOMOKY Md 6 NEPCNeKMUG] MOdice CYMMEBO GRIUHYMU HA 2IOpOOIOHMIE HA B00HY €KOCUCHEMY 8
yinomy. Pazom 3 mum, 31168061 onadu npogoxyioms Hedezneyri nagooxku MaxkcumanbHuil pisensb 600U 3a OOCIONCYBAHUL
nepiod giomivenuit 28.02.2017 p. — 445 cm — nio uac eechanoi noseni. Jlimui nasooxu (420-423 cm) cnocmepieanucs
maxooic y 2019 ma 2020 poxax ma gecusnni nogeni (424-425 cm) y 2022-2023 poxax.

AK 00600mb 00CI0NCEHHS, 3MIHA KAIMAMY CMBOPIOE 000AMKOBI PUSUKU YMBOPEHHS 00B2OMPUBATUX NOCYX, SKI
nepepugaromvCa  3AU8AMU  3HAYHOI [HMEHCUBHOCMI, WO NPU3BoOUMs 00 Hebe3neKu 3amonieHb, RIOMONJeHb.
AnmponozeHnHi ¢hakmopu nocunOIOMs He2AMUHI NIUGU KIIMAMUYHUX 3MIH HA 800HI 06 €KMu, ceped HUX PO30PEeHHs YU
3a60y006a NPUbEPeAHCHUX 3aXUCHUX CMYe, 3ACMIYeHHs 6000MOKI6 Mowo.

Jlo 0CcHOBHUX HOPMAMUBHO-NPABOBUX AKMIB, W0 Oilomb y cqhepi BUKOPUCTNAHHA | OXOPOHU 800 MA BIOMBOPEHHS
600HUX pecypcie, Hanedxcamsp, 30kpema, Boonuil kooexc Vkpainu, Kooexc Ykpainu npo nadpa, 3axonu Yrpainu «Ilpo
OXOPOHY HABKOMUUIHLO2O NPUPOOHO20 cepedosuyay, «IIpo numuy 600y, numue 6000NOCMAYaKHs MA 60006I08€0CHH Y,
«IIpo OchosHi 3acadu (cmpamezito) Oeprcagnoi exonoziunoi noaimuxu Yxpainu na nepioo oo 2030 poxy», «lIpo
3abe3neuentss CaHimaprHo2o ma enioemiyno2o oaazonoayuus nacerennsny, Yxas Ilpesudenma Ykpainu 6io 30 eepecns
2019 p. Ne 722 «Ilpo Llini cmanoeo pozeumxy Yxpainu na nepioo 0o 2030 poky», posnopsoacenns KMY 6io 09.12.2022.
«IIpo cxeanennss Boonoi cmpameeii Yxkpainu na nepioo oo 2050 poky». Yrpaina 3 2024 poxy posnouana peanizayiio
NAaHI8 YNPAaeaiHHA piuKoeumu bacelinamu ionogiono 00 Yeoou npo acoyiayito misc Ykpainoio ma €sponeiicokum
Corozom.

o6 nom’skwumu HecamueHull 6nIUE KiimMamuynux 3min @ Oacetini piuku Cepem, O0OYilbHO ONMuUMi3yeamu
CIMPYKMYpPY 3eMIeKOPUCMYBAHHA, 30KPeMd CKOPOMUMU YACMKY OPHUX 3eMelb, 3abe3neyumu 30epexceHHsi 800U y
NPUPOOHUX JAHOWADMAx WASIXOM BIOHOGIEHHA HAUOIILW YIHHUX NPUPOOHUX KOMNIIEKCI8, MaKux K Jicu ma 800HO-
6onomui yeiods. Takooc 6adxciueo cmeoposamu NpupoOOOXOPOHHI Mepumopii, GKIuaryu 00 €kmu npupooHO-
3anogionoeo gondy ma Cmapaz0oeoi mepeci. Heobxiono sabesnevumu 6ioHo61eHHs | 8I0N0GIOHE 0OIAUIMYBAHHS
60000XOPOHHUX 30H WLIAXOM 3QJLYICEHHS YU 3ANICHEeHHs. Bajicnueum kpoxom € enposadicents 3axo0ie i3 3anobieants
eposiiino-cioponociunum  npoyecam.  OKkpim — yvboco, NOMPIOHO — NOKpAWUMU — KOHMPOIbL 304 CHEYIATbHUM
68000KOPUCIYBAHHAM, NEPESTAHYMU eKOI020-eKOHOMIUHI NIOX00U 00 PO3GUMKY 2i0POeHep2emuKl, 8PAX08yI0UU ACNeKmu
npomMunagooKko8020 3axucmy. Bapmo npudinumu yeaey HAgUaAHHIO 2pOMAdU ma azpapiie Memooam 800030epedtCenHts 1
aoanmayii 0o 3min kuimamy. Pospobumu nianu Oili Ha UNAa0OK NOCYX, WO OXONTIOI0Mb 3aX00U 3 B000NOCMAUAHHS,
obmedrcenHs sooocnodcusanta. Cymmege 3HAUeHHA Mamume 3anpo8aoHceHHs Memooie payioHaIbHO20 8UKOPUCAHHS
B800HUX pecypcie uepe3 NOBMOPHE BUKOPUCIAHHA 800U | NPAKMUKU CIATI020 8000KOPUCTNYBAHHA Ol NOM AKULeHHS
HACIOKI8 KIIMAMUYHUX 3MiH.

Kniouosi cnosa: ziopomempuuni xapaxmepucmuxu piuku, nocyxu, N08eHi, nasooKu, epagiuni Mooeni, ynpaseiinHsi
B800HUMU pecypcamu, HOPMAMUBHO-NPABOBI AKMU.
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Relevance of the study. Recently, more and
more attention has been paid to the study of small
and medium-sized rivers. This is due not only to
the need to implement comprehensive environ-
mental strategies for water resource use, but also to
the recognition of the importance of water bodies
for the functioning of the environment and human
life. Rivers are an important source of fresh water
for humanity. Today, the protection of rivers
around the world has become a serious problem
that requires urgent action. Increasing pollution of
waterways can have irreversible consequences and
lead to environmental disasters. Studies of
minimum flow are important for assessing water
exchange in the context of contemporary regional
climate change and for characterizing the self-
purification capacity of watercourses.

Analysis of publications on the research
topic. The impact of climate change on Ukraine's
water resources was analyzed in the works of S.
Snizhko, O. Shevchenko, and Y. Didovets (2020,
2021) [21, 29, 31]; the impact of modern climate
change on water resources and agricultural
production was described by M. Romashchenko [et
al.] (2020) [20]; N. Loboda and M. Kozlov (2020)
assessed Ukraine's river water resources using
average statistical models of climate change
trajectories [10]; L. Potravka and V. Pichura (2020)
studied the anthropogenic and climatic
determinants of changes in the flow of the Dnieper
River[17, 30].

The small river basin systems of the Ternoril
region were studied by L. Tsaryk, 1. Kovalchuk, P.
Tsaryk, B. Zhdanuk, and 1. Kuzyk (2020, 2021)
[32]. In their works, they analyzed the state of these
systems, identified trends in changes, and outlined
prospects for natural resource management and
optimization of nature conservation measures. The
analysis of the flood regime of the Dniester River
within Ivano-Frankivsk and Ternopil regions was
carried out by I. Barna and O. Sofinska (2022) [3].
The issue of regulating economic activity on ponds
and reservoirs in the Nichlava River basin is
covered in the work of Yu. Melnyk, L. Tsaryk, and
I. Kuzyk (2022) [12]. Geoecological studies of the
Seret River were conducted by N. Stetsko (2018)
[22]. The issues of natural resource management
and nature conservation in the Kachava River basin
were studied by L. Yankovska and S. Novytska
(2022) [35]. Transformational processes of a
geoecological nature in the Dzhuryin River basin
were studied by O. Bakalo, L. Tsaryk, and P.
Tsaryk in their works (2018, 2020) [2]. A
geoecological assessment of land use patterns
within the small basin of the Gnizdechnaya River
was conducted by I. Kuzyk, 1. Vitenko, and V.

Tsaryk (2022) [9]. The rivers located within the
Husiatyn territorial community are described in the
publication by A. Lyubyi, L. Yankovska, and S.
Novytska (2023) [11]. Particular attention is paid
to the use of a basin approach to form an effective
system of nature management and conservation.
This topic has been the subject of expeditionary
research and is reflected in a collective monograph
prepared by L. Tsaryk, P. Tsaryk, I. Kuzyk, and V.
Tsaryk [28]. P. Tsaryk studied the features of the
nature reserve fund of the small rivers Gnizna,
Dzhuryn, and Nichlava, creating a series of maps
showing the distribution of river basins and nature
reserve fund territories and objects [25, 26, 33].
The  hydroecological and  hydrochemical
characteristics of river basin systems (tributaries of
the Dniester) in Ternopil region under conditions
of technogenic load were studied by T. Kapusta
(2024) [5].

The problems of small rivers in Western
Podillia have long attracted the attention of
Professor 1. Kovalchuk and his scientific followers
and students: E. Ivanov, A. Mikhnovich, O.
Pylypovich, Y. Andreichuk, O. Shvets,
B. Zhdanuk, T. Pavlovska, and D. Shevchuk [1, 6,
7,8, 14].

However, research into the impact of climate
change on river flow in Ternopil region has only
just begun. The purpose of this study is to identify
the main patterns of change in the water regime of
the Seret River and to justify management
measures to reduce the effects of climate change in
the river basin.

Materials and methods. The theoretical and
methodological basis of the study is the
fundamental principles of geoecology, ecological
and constructive geography, geographical regional
studies, and hydrology. The study is based on a
geoecological approach, which involves a
comprehensive analysis of the hydroecological
state of the Seret River. The collected materials
were processed using the following methods:
geoecological analysis, descriptive, comparative,
mathematical, statistical, analysis of interrelation-
ships and interdependencies, and graphical
modeling.

Results and discussion. The main areas of
river research are analyzing their condition and
dynamics, and identifying the factors that cause
changes in dynamic equilibrium.

Research on the hydrological and ecological
characteristics of the Seret River in Ternopil region
using the following algorithmic model:

- defining the purpose and main objectives of
the research;

- analysis of information sources (literature,
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cartography, etc.);

- description of natural conditions within the
river basin;

- collection and processing of statistical data,
results of monitoring observations (from the largest
hydrological station in Chortkiv);

- analysis of the hydrological characteristics of
the Seret River and their dynamics over the last 10
years;

- identification of the main sources of river
pollution and assessment of its ecological status;

- justification of ways to improve the
hydroecological status of the Seret River.

The Seret River is a left tributary of the
Dniester River. It is one of the longest rivers in
Ternopil region. The object under study belongs to
the category of medium-sized rivers. The length of
the watercourse reaches 248 km. The Seret River
originates from springs located in the village of
Nyshche (Ternopil district) and is formed as a
result of several small rivers — the Right Seret, Left
Seret, Vyatyna, and Hrabarka. The upper reaches
of the river cross the Voronyaky Hills, the middle

reaches flow along Ternopil Plateau, and the lower
reaches are located within the Dniester Canyon.
The main direction of the flow is from north to
south (partly to the southeast) [22].

The water intake area covers 3,900 km?, with
a total elevation difference of 230 m and an average
slope of 0.93%. The riverbed in the upper reaches
is moderately winding, and below Ternopil it is
very winding. The width of the riverbed at the
headwaters reaches 4-10 m, and downstream it
ranges from 10-20 to 35-50 m and more. The
valley in the upper reaches is wide and
symmetrical, below the city of Terebovlia it
changes to a canyon-like (in some areas the width
is 0.5-0.8 km). The floodplain below the source is
bilateral and swampy, becoming intermittent in the
middle and lower reaches, with a width of mainly
0.1-0.2 km. The river's slope is small — 0.93 m/km.
As a result, the water flow velocity is also
insignificant — 0.3—0.5 m/s, reaching up to 2 m/s on
the rapids. The river depth on the rapids is shallow
—0.2-0.7 m, reaching 1.5-3 m on the pools [22].

Table 1
Main hydrometric characteristics of the Seret River [27]
River name Length, km | Total drop, Average River network density | Basin
m slope, % of the basin, km?’/km | area, km?
The Seret River 242 230 0,9 0,44 3900

The Seret has a mixed water supply, but rain
and snow are the main sources. Throughout the
year, the water temperature in the Seret River is
pretty high, especially in winter (+2...+3°C), which
is because of the warmer underground waters that
feed the river. Ice cover usually lasts from late
December to early March, after which the spring
flood begins, lasting an average of one month.
However, the ice regime is unstable: the river
freezes only in cold winters, and in the upper
reaches there is often no ice cover at all, which is
again due to the nature of the groundwater. Only in
very harsh winters does the upper reaches of the
river become covered with ice [27].

During floods, the water can rise by 0.7-2.0 m,
and during high floods, the height can reach more
than 3.5 m. In addition, spring also sees the highest
water consumption, which varies along the length
of the river from 54 m?/s (Gorodishche village) to
313 m’/s (Chortkiv city). The minimum water
levels in the Seret River are observed, of course,
during the summer low water period, but in some
years, rainy floods can cause water levels and
consumption to reach their maximum for the year.

The study of the main hydrological and
hydrodynamic characteristics of the Seret River
was conducted based on data from the largest
hydrological station in Chortkiv for 2015-2023.

Over the last decade, the Seret River has been
getting shallower. The average annual water level
in the river during the study period is lower than
the long-term average (calculated for 1940, 1945-
2023), which is 390 cm (Fig. 1).

A particularly low water level in the Seret
River was observed in 2016. The lowest level in the
last 10 years was recorded in the same year
(September 17,2016) and amounted to 353 cm, and
in the following year, 2017 (August 21, 2017), it
was 352 c¢cm, which is 37-38 cm below normal. This
water level was more than twice lower than the
absolute maximum (724 ¢m) recorded on April 2,
1969, but slightly higher than the absolute
minimum (323 cm) observed on July 2, 1959, and
July 19, 1960. In other years, the lowest mark did
not fall below 360 cm, with low water levels
recorded mainly in June (2015, 2018) and
September (2019, 2020). Meanwhile, 2021 and
2023 were wet years, and the minimum level did
not fall below 371 and 370 cm, respectively, during
the summer months.

The maximum water level during the study
period was recorded on February 28, 2017, at 445
cm during the spring flood. This is 55 cm above the
long-term average, but 1.6 times less than the
absolute maximum in 1969. Summer floods — 420-
423 cm — were observed in 2019 and 2020, and
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spring floods —424-425 cm —in 2022-2023. During
low-water years (2015-2016), all average monthly

395

390

water levels were below normal.

w
[o]
[92]

water level, cm
w
[0¢]
o

375
370
365
2015 2016 2017 2018 2019
years

= \vater level, cm

2020 2021 2022 2023
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Fig. 1. Dynamics of average annual water levels in the Seret River (according to data from the
hydrological station in Chortkiv, 2015-2023) [author's figure]

Analysis of data from the Chortkiv
hydrological station shows that low-water years are
gradually being replaced by high-water years. For
the period from 2015 to 2023 the lowest water
levels were recorded in 2015-2017, while starting
in 2021, the water situation is normalizing, and in

800
700

/\

600

N\

2023, the average annual water level in the Seret
River (389 cm) was close to normal (390 cm).

At first glance, it is difficult to find a clear
correlation between precipitation intensity and
river water levels when analyzing average annual
indicators (Fig. 2).
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Fig. 2. Average annual precipitation (Chortkiv, 2015-2023) [author's figure]

We considered one of the driest (2016) and
one of the wettest (2023) years of the last decade
and analyzed data for June, since this month in
2016 had the lowest water level compared to June
of other years in the study period, and in 2023, the
water content of the Seret River was close to the
long-term average.

Moreover, it is interesting to note that in June
2016, there was a significant amount of
precipitation (108.2 mm) — almost 1/5 of the annual
norm.

Why was the water level in the river so low?
It is also noteworthy that in June 2023, almost the
same amount of precipitation (120.9 mm) fell — the
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highest compared to other months of the year, but
unlike in 2016, the water level in the river was
normal.

The graphs show that the first ten days of June
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N
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= w
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1357 911131517192123252729

date, June, 2016

a)

water level, cm

2016 were characterized by drought, which
immediately affected the water level in the Seret
River, which fell from 372 to 366 cm between June
1 and June 11, i.e., by 6 cm (Fig. 3).
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Fig. 3. a) Precipitation distribution in June 2016; b) Water level in June 2016
(at the Chortkiv hydrological station) [author's figure]

Even small precipitation (6-10 mm), observed
over three days in the middle of the month over a
significant area of the catchment, allowed the water
level to rise by 3 cm (to 369 ¢cm), However, in the
following days, the water level dropped again to

30
oC
25
20
15
10
5

0

366 cm, largely due to high average daily air
temperatures (22.4-26.5 °C), which contributed to
intense evaporation from the surface of the
watercourse (Fig. 4).

1234567 8 9101112131415161718192021222324252627282930

date, June, 2016

Fig. 4. Dynamics of average daily air temperature in June 2016 (according to data from the
hydrological station in Chortkiv) [author's figure]

Although precipitation on June 20, 2016, was
quite intense (25.9 mm), it fell locally and therefore
did not significantly affect the river's water content.
Intense precipitation (51.9 mm) that fell in a single
day — June 24, 2016 — helped raise the water level
in the river by 3 cm and maintain it at that level for
5 days, but due to high temperatures and lack of
precipitation until the end of the month, the water
level dropped to the usual 367 cm.

Thus, there was almost no precipitation during
June 2016. Heavy rainfall of 25.9 and 51.9 mm
(72% of the total monthly precipitation) fell in two
days and was local in nature, and therefore could
not significantly and permanently raise the water
level in the Seret River, especially in conditions of
high average daily temperatures reaching 26.50C

and high evaporation from the surface of the
Teservoir.

In the first ten days of June 2023, a similar
situation was observed — a lack of precipitation,
which led to a decrease in the water level in the
Seret River from 383 to 375 cm, i.e., by 8 cm.
However, on June 11, 2023, 54.3 mm of
precipitation fell, which immediately filled the
river to a level of 385 cm. In the following days,
precipitation of varying intensity (from 0.1 to 15
mm) recurred almost daily and covered a
significant part of the catchment area, which
allowed the watercourse to flood to the long-term
average (390 cm) by the end of the month and even
slightly exceed it (Fig. 5).
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Fig. 5. Precipitation distribution in June 2023 b) Water level in June 2023
(according to data from the hydrological station in Chortkiv) [author's figure]

Air temperature indicators logically correlated
with water level indicators during this period,
demonstrating an inverse correlation and somew-

25
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0

hat modeling the curvature of the water level graph,
but in conditions of frequent precipitation, they did
not change it fundamentally (Fig. 6).
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Fig. 6. Dynamics of average daily air temperature in June 2023 (according to data from the
hydrological station in Chortkiv) [author's figure]

Therefore, river water content depends not
only on the amount of precipitation, but also on its
frequency and the catchment area it covers.

As for the frequency of precipitation, no clear
pattern could be traced by month or year.

The only thing that can be stated is that, on
average, 126 days a year (almost a third) are
characterized by precipitation of varying intensity
(Fig. 7). We were interested in whether climate
change had affected the Seret River's ability to self-
purify, i.e., the intensity with which wastewater
neutralization, sedimentation of solid pollutants,
and chemical, biological, and other natural
processes could occur. This process is significantly
influenced by the biotic diversity of the water body,
temperature regime, water color, flow velocity,
flow rate and depth of the water body, regulation of
river channels, water turbidity, dilution of harmful
substances, and other factors.

The surface water stability potential
coefficient was determined using the method
developed by V.A. Baranovsky.

The data obtained were compared with the
stability potential coefficient of the Seret River

(according to data from the hydrological station in
Chortkiv) in 2003, calculated by L.V. Yankovska
[28], which was 0.64.

Thus, during the period under review from
2015 to 2023 (except for 2022), the self-
purification potential of the Seret River was lower
than 20 years ago. The rate of self-purification is
directly correlated with the water content of the
river and the speed of water flow. Due to climate
change, the river's water flow has decreased
significantly. While in 2003 the average long-term
water flow was 13.1 m?/s, in 2023 it was 12.4 m’/s.
In some years, the water flow decreased to almost
6.3 m*/s (2016, 2019-2021, 2023), and was slightly
better for self-purification of the reservoir in 2022
—9.17 m¥s.

However, it has been proven that self-
purification processes directly depend on water
temperature, which is why they occur more
intensively during the warm season. Over the past
20 years, the number of days per year with an
average daily water temperature above 16 °C has
increased slightly. While before 2003 the minimum
number of days could reach 98, between 2015 and
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2023 there were at least 110 days with temperatures
favorable for self-purification (in 2021), and the
maximum was 136-139 days (in 2018, 2022, and
2023). The average long-term frequency of days
with an average daily water temperature above 16
°C during the study period increased to 126 days,
which is 6-8 days more than 20 years ago. Water
temperature determines the rate of mineralization
of natural and anthropogenic impurities.
Experimental studies have shown that when the
water temperature drops below 16 °C, the self-
purification process slows down (the most optimal
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2018

indicators are 20-25 °C). The temperature profile
determines the degree of oxygen saturation of
water, the intensity of vertical turbulence, and,
consequently, the transfer of biogenic elements
from bottom areas and the amount of primary
production, which is decisive in the self-
purification process of a reservoir, since, as a rule,
aquatic organisms make the main contribution to
this process: the biochemical transformation of
substances occurs in the processes of production
and destruction as a result of the inclusion of
pollutants in food chains.

2019
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Fig. 7. Dynamics of precipitation recurrence in 2015-2023 (Chortkiv) [author's figure]

For effective water resource management, it is
important to take into account the links between
water resources, climate change, energy and
agriculture in a comprehensive and integrated
manner in practical policy, as these areas are
closely interrelated.

The main regulatory and legal acts governing
the use and protection of water and the restoration
of water resources include, in particular the Water
Code of Ukraine [4], the Code of Ukraine on
Subsurface Resources, the Laws of Ukraine «On
Environmental Protection», «On Drinking Water,
Drinking Water Supply and Water Disposal», «On
the Basic Principles (Strategy) of the State
Environmental Policy of Ukraine for the Period
until 2030», «On Ensuring Sanitary and Epidemic
Well-being of the Population», Decree of the
President of Ukraine Ne 722 of 30 September 2019
«On Sustainable Development Goals of Ukraine
for the Period until 2030», Order of the Cabinet of
Ministers of Ukraine of 09.12.2022. «On the
approval of the Water Strategy of Ukraine for the
period up to 2050» [19]. In 2024, Ukraine began
implementing river basin management plans in
accordance with the Association Agreement
between Ukraine and the European Union [15].

Climate change creates additional risks of
prolonged droughts, interrupted by heavy rainfall,

leading to the danger of flooding and inundation.
Anthropogenic factors exacerbate the negative
effects of climate change on water bodies,
including the destruction or development of coastal
protection strips and the clogging of watercourses
with large mechanical pollutants, which leads to an
increase in the negative impact of floods and
inundations.

To reduce the negative impact of climate
change in the Seret River basin, it is necessary to:

- optimise land use by reducing the proportion
of arable land (ploughland),

- ensure water conservation in natural
landscapes by restoring the most valuable natural
and minimally disturbed natural complexes, in
particular forests and wetlands; create nature
reserve areas and territories within river basins,
such as the Emerald Network;

- restore and properly equip water protection
zones, including through their grassing and/or
afforestation;

- introduce a system of measures to prevent
the development of erosion and hydrological
processes;

- improve the efficiency of control and
accounting for special water use, preventing
technical water losses;

- review the environmental and economic
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characteristics of hydropower
including aspects of flood protection;

- focus on educating communities and farmers
on water conservation and climate change
adaptation methods.

- develop action plans for droughts, covering
water supply measures, water consumption
restrictions and fire prevention, which may
intensify in drought conditions;

- implement measures to mitigate the negative
effects of climate change by improving water use
efficiency through water reuse and sustainable
water use practices.

Conclusions. Climate change has caused an
increase in annual air temperature, mainly due to
winter and summer months. Against the backdrop
of rising air temperatures in the Seret River basin,
there is a noticeable uneven distribution of
precipitation, which intensifies drought conditions,
while during the warm season there are torrential
and localized rains that cause high (dangerous)
floods.

Over the last decade, the Seret River has been
getting shallower, as the average annual water level
in the river during the study period is lower than
the long-term average of 390 cm. Particularly low
water levels in the Seret River were observed in
2016 and 2017 (352-353 cm), which is 37-38 cm
below normal. The maximum water level during
the study period was recorded on February 28,
2017, at 445 cm during the spring flood. Summer

development,

floods (420-423 cm) were also observed in 2019
and 2020, and spring floods (424-425 cm) in 2022-
2023.

During the period under review from 2015 to
2023 (except for 2022), the self-cleaning potential
of the Seret River was lower than 20 years ago (in
2003), as climate change has significantly reduced
the river's water flow. While in 2003 the average
long-term water flow was 13.1 m%/s, in 2023 it was
12.4 m¥/s.

To reduce the negative impact of climate
change in the Seret River basin, it is necessary to
optimise land use, in particular to reduce the
proportion of arable land, ensure water
conservation in natural landscapes by restoring the
most valuable natural complexes, such as forests
and wetlands, create nature conservation areas,
including nature reserve fund sites and the Emerald
Network, and ensure the restoration and
appropriate development of water protection zones
through grassing or afforestation. In addition, it is
necessary to improve control over special water use
and review ecological and economic approaches to
hydropower development, taking into account
flood protection aspects. Attention should be paid
to educating the community and farmers on water
conservation and climate change adaptation
methods. It is necessary to introduce methods for
the rational use of water resources through water
reuse and sustainable water use practices.
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