International Scientific Journal “Internauka’ https://doi.org/10.25313/2520-2057-2023-19

UDC 556.38

Economic sciences

Serbov Mykola

Doctor of Economic Sciences, Professor
Odesa State Environmental University
Cep0oB MuxoJia I'eopriiioBu4
OOKMOP eKOHOMIYHUX HAYK, npogecop

OoecbKuti 0eparcasHUull eKoN02TYHULL YHIBepCUmem

Tkachenko Nataliia

Graduate Student of the

Odesa State Environmental University
Trkayenko HartaJjiss AnaroJiiiBHa

acnipanm

OoecvKko20 0eparcasHo20 eKoN02IUH020 YHIgepCUmenty

ECONOMIC AND ENVIRONMENTAL APPROACHES TO THE
DEVELOPMENT OF INTEGRATED WATER RESOURCES
MANAGEMENT SYSTEMS IN A ZONE OF INSUFFICIENT

MOISTURE

EKOHOMIKO-EKOJIOI'TYHI IIAXO/U 10 PO3BUTKY CUCTEM
YIIPABJIIHHA BOAHUMHU PECYPCAMM B 30HI HEJOCTATHOI'O

3BOJIO’KEHHA

Summary. This study is devoted to the study of economic and

environmental approaches to the development of an integrated water resources

management system using the example of one reservoir located in the zone of

insufficient moisture in the Northern Black Sea region of Ukraine. To create an

integrated and sustainable management system for the basin's water resources
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and assess individual components of the water balance, methodological,
statistical, economic, and environmental approaches were used.

The study area, like the entire south of Ukraine in general, belongs to the
zone of insufficient moisture. The region is characterized by an increase in
turbulent heat exchange between the underlying surface and the atmosphere up
to 5,80 kcal/cm®, which in turn causes a sharp increase in unproductive
resource losses.

Taking into account the characteristics of the study area, the specifics of
the development of its economic system and the recreational importance of the
water body, the work presents the basic requirements for the development of an
integrated water resources management system, which are based on the “basin
principle” of constructing a management system, the horizontal and vertical
hierarchy of the economic system of the basin, and the use of methodology
“climate and reserve” models when assessing the resource capabilities of a
territory, public participation in the management, financing, planning and
development of water infrastructure, as well as the priority use of an ecosystem
approach in the implementation of a scheme for integrated management of
water resources in the region.

The results show that the development of an integrated water resources
management system should be based on an overall calculation of all
components of natural and artificial recuperators, which allows water resources
to be balanced and a rational management system to be developed. It should
also be noted that integrated water resource management systems in the risky
farming zone, together with the development of an integrated system for the
sustainable use of an extremely scarce resource, should, first of all, prevent
precedents of unproductive water losses.

Key words: integrated management, water resources, zone of insufficient

moisture, water as a commodity.
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Aunomayia.  [locniodicenHss  npuceaueHo - GUBUEHHI0  eKOHOMIKO-
eKONO2IYHUX NI0X00i8 00 pO3BUMKY IHMEe2PO8AHOI cucmemu YAPAGLiHHS
B0OHUMU pecypcamu HA NPUKIadi 800HO020 00 €Kmy, pO3mMAUO8AHO20 8 30HI
Hedocmamuvo2o 360n0xcenHs lligniunoco Ilpuwopnomop’s VYkpainu. Jns
CMBOPEHHS [HMEe2pOBaAHOI CcMAoi cucmemu YAPAGNIHHIL B0OHUMU pecypcamu
baceiiny ma OYIHKU OKpeMUX CKIA008UX B0OHO20 OANAHCY BUKOPUCTNAHO
MemoOONO2IYHUL, CMAMUCMUYHUL, eKOHOMIYHUL MA eKOL02IYHUL NIOXO0OU.

Tepumopis Oocniodxcenus, 5K [ 6ecb nigoeHb YKpainu 6 yiiomy,
BIOHOCUMBCSL 00 30HU HEOOCHMAMHBLO2O 360J0HCEHHs. [l pecioHy XxapakmepHe
niosuwenHs mypoyieHmuo20 menio00OMiHy Midc ni0CMuiIa4o0 no8epxXHer0 ma
ammocgeporo 0o 5,80 xxan/cm’, wo 6 c6010 uep2y GUKIUKAE pi3Ke 30iNblUieHHs
HenpoOyKMUGHUX 8MPAm pecypcie.

Bpaxosyrwuu ocobnueocmi  docniodcysanoi  mepumopii, cneyughiky
PO36UMK) i 20CN00ApPCbKoi cucmemu ma pexpeayiline 3HAYEeHHSI B00H020
00’exma, 6 pobomi HABEOEHO OCHOBHI BUMO2U 00 PO3POOKU IHMESPOBAHOL
cucmemu YnpasiinHa 800HUMU Pecypcamil, sIKi IDYHMYIOmMbCs HA «0ACetiHO8OMY
NpUHYUNiy nooyoosu cucmemu YnpaeiiHHs, 20pU30HMAalbHOl ma 8epmuKaibHOL
iepapxii  eKOHOMIYHOI — cucmeMmu  20CNOO0APCHLKO20  KOMNIEKCy  bacetiny,
BUKOPUCAHHSL MEMOO0I02I] MOOeNl «KIIMam-3anacy npu OYiHYI pecypCHUX
MOCIUBOCHIEU MEPUMOPIL, YHACmi 2POMAOCbKOCMIE 8 YNPABNIHHI, (DIHAHCYBAHHI,
NJIAHY8AHHI MA PO38UMOK) 600HOI IHpacmpyKmypu, a maxkoxic npiopumemHe
BUKOPUCAHHSL eKOCUCMEMHO20 Niox00y 6 peanizayii cxemu KOMHIEKCHO20
VNPAGIIHHA 800OHUMU PECYyPCamul pe2ioH).

Ompumani  pesynemamu NOKA3VIOMb, WO pO3POOKA [IHME2po8aHol
cucmemu YnpaeuinHsa 60OHUMU pecypcamu Mae 6a3y8amucs Ha KOMNIEKCHOM)
PO3PAXYHKY 8CIX CKIA008UX NPUPOOHUX [ WMYYHUX PeKYnepamopis, ujo
003807151€ 30anancysamu 600HI pecypcu ma po3pooumu payioHaIbHy CUcmemy
ynpaeninua. Cnio makoxc 3a3Hauumu, wjo IHmMe2posami cucmemu YnpasiiHHsi

BOOHUMU pecypcamu 8 30HI PUUKOBAHO20 3eMIepoOCmea pazom i3 po36UMKOM
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iHme2po6anoi cucmemu Cman020 GUKOPUCMAHHI 8KPAUl Oe@iyumuozo pecypcy
Mawomo, Hacamnepeo, 3anodicamu npeyeoeHmam HenpoOYKMuUSHUX empam
800U.

Kniouosi cnoea: xomniexkche YnpaeninHs, 600HI pecypcu, 30HA

Heo0oCmamubo20 360JI0CEHHAL, 6004 5K moeap.

Introduction. The development of the modern civilization brought
humankind to the realization that water is one of the crucial elements of the
environment and requires comprehensive integrative management with regard to
all types and categories of water resources on Earth, all categories of water
consumers, and the consequences of manmade influence on the state of natural
water. Special attention in the concept of integrative water resources
management is paid to the assessment of the consequences of the manmade
effect from the perspective of further existence, sustainable and effective
development of water resources. At present, each person on Earth has up to 750
m3 of usable fresh water per annum [1, p. 145-146]. According to UNESCO
predictions, this figure may drop to 450 m® on average by 2050, without regard
to the predicted climate changes; this means that according to the UN
classification, more than 80% of countries will find themselves beyond the water
deficiency boundary [2].

Integrated water resources management may be characterized as a
permanent assessment of the water balance of an area with the determination of
constant trends in its changes, depending on the effect of the multilevel and
manifold factors: nature and quality of economic load, both on the water body
and on the water basin in general, predicted future climate changes and their
effect on the characteristics of water resources in the studied area [3, p. 112-
113]. The determination of the impact factors and trends in the change of water
balance necessitate subsequent development of plans for integrated water

management, the primary goal whereof should be to correlate the existing water
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resource potential with the requirements of the economic complex of the area or
the water basin [4, p. 420].

The principles of the modern concept of integrated water resources
management were formulated in 1992 at the Dublin International Conference; in
the following years, these principles were the basis for global reforms of water
economies in many countries [1, p. 89].

It is worth noting that water quality is an integral part of the water
resource potential of any area or basin, which is why the development of
integrated management plans should take into consideration the environmental
aspects of the assessment of water quality and the identification of individual
water consumers as polluters of the water basin [5, p. 3254].

The formation of integrated freshwater resource management systems in
the south of Ukraine - in a zone of insufficient moisture - has its own
characteristic specifics, associated, on the one hand, with the general acute
shortage of natural resources as such, and, on the other hand, with their most
significant role in the development of most sectors of the national economy
complex of the region.

Literature Review. The basis of the development of integrated basin
water resources management is the general consideration of all the components
of the natural and artificial restoration of water volume within certain areas,
which enables determining the current water balance and developing plans of
rational distribution of the resource in space and time [6, p. 441], including
among individual water consumers, assessing the quality of water management,
and controlling the permissible levels of manmade influence on the water
resource potential of the basin [7, p. 36-38]. Furthermore, the development of
integrative water resources management should take into consideration, in
addition to the above goals, the financial and economic issues related to paid

water use [8, p. 73].
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With that, it is necessary to differentiate between two economic concepts
— cost and payment. The cost of water is important for the rational use of the
resource if it is impossible to satisfy in full the general (total) demand of water
consumers with branch or territorial distribution [9]. This fact is especially
important during the development of plans for an alternative use of the resource
as a regulatory economic tool of integrative water resources management.
Payment for water is used as an economic tool for supporting vulnerable groups
of water consumers by affecting their behavior in terms of saving the natural
resource and using it efficiently, stimulating the management of demand and
payback of provided services, and the readiness of certain consumers to pay for
additional water management services [10, p. 243-244].

The recognition of the water resource as a commodity is an effective
means of decision making in the distribution of the resource among various
economic sectors and industries, as well as among various water consumers
within a single sector or industry. This is especially important if further increase
in the consumption of the resource is virtually impossible [11].

The emergence of estuaries in the Ukrainian Black Sea region was caused
by the development of the entire coastline of the Black Sea. Estuary formation is
closely related to tectonic phenomena and transgressions in the Black Sea Basin
[15, p. 126]. The emergence of Black Sea estuaries in the form of flooded parts
of river valleys or ravines is related primarily to the flooding of river valleys by
seawater due to the rising sea level and sinking land surface [12, p. 138-140].

The estuaries of the Northwestern Black Sea region are unique natural
systems [13, p. 215-216] that are an important component of the country’s water
resources and are of great natural, recreational, and socio-economic importance
for Ukraine [14, p. 18-19].

A total of 21 estuaries are located along the coast of the northwestern part
of the Black Sea in the interfluve of the Danube and Dnipro. In terms of water

supply, these estuaries are divided into two large groups [15, p. 95-97]:
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First group — open estuaries with relatively free water exchange with the
sea. This group includes:

e open estuaries with a relatively large inflow of river water (Dnister,
Dnipro-Bug, etc.);

e open estuaries with an insignificant inflow of river water (Berezan);

e artificially open estuaries with an insignificant inflow of surface water
(Small Adzhalyk, Sukhyi, etc.).

Second group — closed estuaries, commonly found in the Black Sea
region. These water bodies were formed during the flooding of river mouths due
to general geological transgression of the Northern Black Sea region coast and
the rising level of the Black Sea [16, p. 56]. The water regime of such water
bodies is affected by the river inflow, groundwater inflow, and surface water
inflow from precipitation.

In general, the Northwestern Black Sea region and its water bodies play a
special role in the development of Ukraine’s economy. It is worth noting that
this area hosts the largest sea and river ports of Ukraine, which handle almost
90% of the country’s annual freight traffic; the routes of transport corridors No.
7 and No. 8 (railway, river, and sea) run through the northwestern part of the
Ukrainian Black Sea region, which also increases the importance of this region
for the sustainable development of the country’s economy. However, these
circumstances also cause significant manmade influence on the natural systems
of this region [17, p. 67-70].

The implementation of European programs of international transport
corridors and the constantly increasing traffic of international transit of natural
resources allow regarding the Azov-Black-Sea Basin as a special transportation
zone than connects the adjacent countries with Europe [18, p. 22-23]. It is also
worth noting the considerable geo-economic interest of many countries in the
Azov-Black-Sea region due to the strategic course of the European Union

towards the formation of a unified European transportation system.
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The Kuyalnik Estuary holds a special place among the estuaries of the
Northwestern Black Sea region. The Kuyalnik Estuary is a water body that is
located 8.5 km to the northwest of Odessa; in terms of its characteristics, it
belongs to the second group of closed estuaries with a relatively small influence
of river inflow and precipitation on its water regime.

The total catchment basin area of the Kuyalnik Estuary is 2250 km?; the
main river inflow source is the Velykyi Kuyalnik River, whose catchment basin
area is 1860 km? (82.7% of the total catchment basin area of the estuary) with a
length of 170 km. The distinguishing feature of the Kuyalnik Estuary is the
considerable dependence of its morphometric characteristics on the water level.
For instance, according to data provided by the Odessa State Environmental
University [18, p. 22-23], the length of the estuary was 20.7 km in 2011, while
in high-water seasons, it can reach 28-29 km.

The water surface area of the estuary can range from 19 to 74 km?
depending on the water level; the width of the estuary gradually grows from the
north to the south and reaches its maximum — about 3.6 km — near the
Krasnoselka village; the average depth is 0.4 m; the maximum depth — 1.8-2.0 m
— 1s found in the mouth of Kubanka River

(Assessment of Over-Years Changes in the Components of the Water
Balance in the Kuyalnik Estuary for Drawing Recommendations Regarding the
Preservation of Its Natural Resources, 2009). The admission space of the
Kuyalnik Estuary can go up to 370 million m?; however, in recent years (2009-
2012), it was 18.8-20.0 million m? at most. Another distinguishing feature of the
Kuyalnik Estuary is the intensive siltation of the water body basin. For instance,
the volume of the estuary reduced by 13.0 million m* from 1975 to 2009 due to
siltation of the areas with the minimum water level, i.e. the average intensity of
the estuary volume reduction during the last three decades was 0.38 million m?

per annum.
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The Kuyalnik Estuary is known as a recreational and balneal object of
national and world importance. The mud and brine from the estuary has medical
properties.

The purpose of this research is to analyze the economic and
environmental approaches to developing a system of integrated water resources
management in the Kuyalnik Estuary basin.

Methods. The research used the ecosystem approach, which was based on
the notion that ‘nature is an equal partner’. This premise necessitates the
determination of the maximum permissible level of manmade influence on water
resources, with a view to ensuring their sustainability and minimizing the
negative consequences of interaction between water sources and areas used for
economic purposes. Estimate indicators of the water balance of the Kuyalnik
Estuary basin in the system of integrated management of water resources were
determined based on estimated characteristics of the ‘climate and stock” model.
Their substantial transformation under the effect of water management, as well
as short-term reports regarding the hydro-meteorological characteristics of the
Kuyalnik Estuary were taken into consideration.

Results. The design of a system of integrated basin water resources
management is based on a number of key principles [11]. It should be noted the
study area, like the entire south of Ukraine in general, it belongs to the zone of
insufficient moisture. The region is characterized by an increase in turbulent
heat exchange between the underlying surface and the atmosphere up to 5.80
kcal/cm?, which in turn causes a sharp increase in unproductive resource losses.

Taking into consideration the features of the studied area, the specificity
of the development of its economic system, and the recreational importance of
the waterbody, the system of integrated water resources management for the
Kuyalnik Estuary should be based on the following requirements:

1. Integrated management should follow the ‘basin principle’ within the

hydrographical borders in accordance with the basin morphology, i.e. the water
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resource potential is assessed across the entire catchment basin area of 2250 km?
without distinguishing as separate zones (regions, waterbodies) any components
of the area regardless of their geographic location in the basin, landscape,
peculiarities of development, presence of hydraulic facilities, etc. [8, p. 53-54;
11; 18, p. 22]. The system of integrated management should take into account
the entire set of factors that constitute the water balance equations for the area
(possible water exchange with the sea, inflow of river and surface water,
precipitation, groundwater, evaporation, and wastewater). The Kuyalnik Estuary
basin can be divided into morphologically homogenous sections that have
approximately similar levels of effect of separate water balance components.
The water resource potential was assessed in each section of the estuary basin
with regard to the features of the water balance, which ultimately combined to
form a unified system of the entire basin. For instance, the total catchment basin
of the Kuyalnik Estuary can be divided into at least three sections: the basin of
the Velykyi Kuyalnik River, the Kuyalnik Estuary itself with adjacent 200-250
m shorelines, and the lower (southern) part of the basin — bar lakes and the
Korsuntsi ponds; the entire scope of abovementioned works was done in all
these sections; in the final variant, they will be presented as a unified water
balance.

2. Coordination of all forms of water use within the Kuyalnik Estuary
basin and for all economic facilities (water consumers) horizontally among
separate branches of the economic system (agriculture, utilities, manufacturing,
recreation, etc.) and vertically among various levels of the water management
hierarchy (higher hierarchy — the basin in general, with subsequent division into
systems of a lower hierarchy of natural resource use, down to individual small
private water consumers). The water basin of the Kuyalnik Estuary is
characterized by a high level of agricultural development of the area — about 48-
50%. Agricultural land constitutes about 81% (184.9 thousand ha) of the total

area of the basin, 74.8% of which is arable land. Within the shorelines of basin
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waterbodies, the composition of the land is as follows: arable land — 14%,
hayfields — 16%, pastures — 29%, smallholdings — 20%, forests, woodland belts,
and bushland — 9%, other land — 12% [21, p. 49-53]. Industrial facilities in the
Kuyalnik Estuary mostly include agricultural processing facilities and several
quarries of building materials [7, p. 34]. The coordination of the main water
consumers in the system of integrated water resources management in the
Kuyalnik Estuary basin should take into consideration the active use of water
resources in this area, which is 60-100% of the annual basin river flow. Studies
[7, p. 21] show that the total annual demand for the resource in the Kuyalnik
Estuary basin is about 12.5 million m®, while the consumptive use is about 9.32
million m®. With that, the annual withdrawal of water by various consumers is
as follows: 5.84 million m® from the Velykyi Kuyalnik River; 0.46 million m?
from reservoirs and ponds; 6.19 million m® from underground sources. The
discharge of return water is about 3.16 million m?®. Volleys of sewage from the
city of Podilsk are discharged periodically through the Korozeya ravine.

3. The estimated components of the water balance of the Kuyalnik
Estuary basin in the system of integrated water resources management with
regard to their significant transformation under the effect of water management
and relatively short-term monitoring of hydro-meteorological characteristics
were determined based on the estimated characteristics of the ‘climate and
stock’ model [12, p. 143, 176].

The assessment of the inflow of fresh water in the Kuyalnik Estuary basin
based on the ‘climate and stock’ model shows that most of it comes from the
inflow of Velykyir Kuyalnik River. The total volume of the river inflow in
natural conditions (unmodified by water management) is about 24.0 million m?;
22.3 million m? (92.9%) of this volume comes from the Velykyi Kuyalnik River
[20, p. 1155]. The average over-years amount of water inflow from precipitation

is about 26.6 million m?; however, considering the loss due to evaporation from
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the water surface, the volume of the estuary is replenished annually only by 2.24
million m>,

At that, the various investigated scenarios of global warming show that in
the near future, evaporation from the water surface of the Kuyalnik Estuary will
exceed the inflow of precipitation to its surface significantly. The main factor in
water management in the Kuyalnik Estuary basin are artificial water bodies,
which serve as artificial evaporators in areas with moisture shortage. According
to different sources, the relative area of the water surface of artificial water
bodies varies from 0.20% to 0.40%. At that, the consumptive interception of the
river flow can reach 40% in low-water years, while dropping to 10% in high-
water years. Most artificial water bodies within the studied area are presently
dried-up, while their negative effect on the formation of the river water inflow
into the estuary reaches its peak in the warm season during snowmelt and rain
showers, when in medium-water and high-water years, up to 35-40% of the river
flow i1s consumed to fill these water bodies, while in low-water years, these
consumptive losses may reach 90% of the natural flow.

4. Public participation in management, funding, planning, and
development of the water economy infrastructure.

Public participation implies the participation of not only public
organizations and associations, but also local authorities, self-government
agencies, and municipal water consumers. Public participation should create a
transparent and open environment, in which the possibility of making a decision
that goes against the interests of the local communities is reduced significantly.

5. Priority of environmental requirements in the activity of governing
bodies during the implementation of the system of integrated water resources
management in the Kuyalnik Estuary basin. The ecosystem approach is based on
an important notion — ‘nature is an equal partner’. This premise necessitates the
determination of the maximum permissible level of manmade influence on water

resources, with a view to ensuring their sustainability and minimizing the
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negative consequences of interaction between water sources and areas used for
economic purposes [14, p. 20; 17, p. 87, 1135].

Discussion. According to S. Romashchenko ef al. [18], Ukraine has no
regions in which the use of the water resource potential is lower than the
environmentally permissible level. In eight oblasts, this level is critical (0.30); in
the Zhytomyr, Kharkiv, Luhansk, and Donetsk Oblasts, this index is 1.0, 1.60,
1.40, and 1.20, respectively, which means that water management in these
administrative territories of Ukraine uses water resources generated in other
territories. In the Odessa Oblast, where the Kuyalnik Estuary basin is located,
the index of water resource potential use is 0.50, which exceeds the critical
value.

Using the ecosystem approach when developing the system of integrated
water resources management in the Kuyalnik Estuary basin is necessary due to
the unique natural and landscape systems in this area, the concentration of
various steppe, petrophyte, shrub, and semi-aquatic field biocenoses and the
expedience of creating a national natural park within the area of the water basin
in the near future.

It is also worth noting that the Kuyalnik Estuary and its adjacent areas are
used based on the principles of balanced development, i.e. with regard to the
environmental, economic, and social components. After signing the Ukraine-
European Union Association Agreement, Ukraine took upon itself to implement
in the environmental laws a number of directives, six of which concern the
quality of water and water resources management. Therefore, the rational use of
water resources of the estuary and the preservation of its ecosystems should be
the foundation of the systems for managing this object.

Water should be defined as a commodity with economic and social value
that i1s determined by its importance.

Managing the water resources of the Kuyalnik Estuary as a

socioeconomic commodity is a means of achieving not only financial and
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economic goals of sustainable development of separate regions and the country
in general, but also social goals related to effective and equal water use,
encouragement of saving and protection of water resources.

The ‘polluter pays’ approach is the basic principle of the European
environmental policy. The guarantees of adequate compensation for the cost of
water consuming and water using services, including environmental and
resource costs, are provided by the national legal groundwork. However, it is
possible to reduce the cost of restoration of water resources on the basis of
economic, environmental, and social considerations, with regard to geographic
conditions and climate.

Informational support of the management system, economic and financial
stability of the support of the system of integrated water resources management.

The environmental component of the model of integrative water resources
management in the Kuyalnik Estuary should be a priority as an integral part of
the water resource potential of the area. It is necessary to consider that the
deterioration of water quality reduces the economic and social cost of the basin’s
water resource potential, reduces the economic attractiveness of the area, and
narrows down the possibilities of sustainable development significantly.

Conclusion. Integrated water resource management systems in the zone of
risky agriculture, together with the development of an integrated system for the
sustainable use of an extremely scarce resource, should, first of all, prevent
precedents of unproductive water losses in various distribution systems.

The development of a system of integrated water resources management
should be based on the general calculation of all the components of natural and
artificial water restorers, which enables balancing water resources and
developing a rational system of management. The environmental component of
the model of integrative water resources management in the Kuyalnik Estuary
should be a priority as an integral part of the water resource potential of the area.

It is necessary to consider that the deterioration of water quality reduces the
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economic and social cost of the basin’s water resource potential and reduces the
economic attractiveness of the area. This narrows down the possibilities of
sustainable development significantly.

The methodological economic and environmental approaches to the
creation of a system of integrated water resources management in the Kuyalnik
Estuary basin were investigated. Specific components of the basin water balance
were assessed.

The impact factors and trends in the change of water balance necessitate
subsequent development of plans for integrated water management, the primary
goal whereof should be to correlate the existing water resource potential with the

requirements of the economic complex of the area or the water basin.
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