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Long term hydrological and environmental monitoring of the Stryi River using remote sensing
data and GIS technologies

Khrystyna V. Burshtynska!, Svitlana S. Kokhan?, Andrii V. Babushka!, Thor M. Bubniak', Volodymyr M. Shevchuk!

' Lviv Polytechnic National University, Lviv, Ukraine, andriy.babushka@gmail.com
2 National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine

Rece’:"edf .14-12.-2020 Abstract. The proposed research sets the task of conducting monitoring aimed at
Received in revised form: 06.03.2021 determining the horizontal displacements of the channel of the Stryi River the largest
Accepted: 26.03.2021 right-bank tributary of the Dniester River. For this purpose, the river was zoned according

to morphometric and hydrological characteristics. Three parts were identified, namely
highland, piedmont and lowland ones, which radically vary in the nature of the flow and the amount of the displacement. The main
research purpose consists in analyzing the impact of anthropogenic factors on the hydrological regime of the Stryi River, as well
as studying the effect of the Ukrainian Carpathian Foredeep (UCF) and the Stryi Deep on the mode of horizontal displacements.
The research object is processes occurring within the Stryi River channel. Considering main natural factors affecting the channel’s
horizontal displacements, special attention is paid to the geological and sedimentological structures located in the region where the
Stryi River and its tributaries flow; among the anthropogenic factors, deforestation and the extraction of building materials from the
river channel are highlighted. Topographic, geological, soil maps and satellite images of various periods uploaded into ArcGIS software
allowed us to monitor displacements observed for as long as 140 years ago. To monitoring the Stryi River channel displacements,
such materials as topographic maps scaled 1: 75000 (Austrian period — 1874), 1: 100000 (Polish period — 1933, Soviet period — 1990);
satellite images of Sentinel-2 (2019 and 2020 (after the flood)); a map of Quaternary sediments and a soil map scaled 1: 200000 were
used. The Stryi River flows between two structures, i.e. the Skybovi Carpathians and the UCF. The right-bank tributaries (Bystrytsia,
Limnitsia, Stryi, etc.), which begin in the Carpathians, cross the outer and inner boundaries of the UCF and are characterized by the
stable river channel in its mountainous part, multi-braided in its piedmont part, as well as perennial and significant meandering within
the Pre-Carpathian region. Lithological deposits have a significant impact at the mouth of the Stryi River. According to the research
study results, displacements of up to 1,350m are measured in this area. The research includes an analysis of the influence of geological
and sedimentological structures on the Stryi River displacement and the nature of its flow. It has been established that deforestation in
the river basin, as well as unauthorized extraction of gravel materials, creates a significant environmental problem in this region. The
results of monitoring of the channel deformation processes should be taken into account when solving problems related to river channel
processes, namely the construction of hydraulic structures, the design of power transmission networks crossing rivers, the development
of gas pipelines, the identification of hazardous flooding zones, the determination of consequences of destruction after floods, the
establishment of boundaries of water protection zones, the management of recreational activities, monitoring of border lands and the
establishment of an interstate border along rivers.

Key words: geological structures, monitoring, topographic maps, satellite images, Ukrainian Carpathians

I'inposoro-exosoriynnii MOHITOPUHT piuku CTpuii 32 JOBroCTPOKOBHMI NepPioa 3 BUKOPHCTAH-
Ham marepiaais /33 ta I'IC-rexnonoriii

bypmrruncska X. B.!, Koxaun C. C.%, babyuka A. B.!, byousik I. M.!, lllepuyk B. M.

! Hayionanvnui ynisepcumem “Jlosigcvra nonimexuirxa”, m.JIveis, Ykpaina, andriy.babushka@gmail.com
2 Hayionanwnuti ynieepcumem diopecypcié ma npupoookopucmysanis Yxpainu, m.Kuis, Yrpaina

AHoTamnisi. B 3anporoHoBaHOMY JOCHI/DKEHHI [OCTAaBJICHO 3aBJaHHs peaiizalil MOHITOPHHTY 3 BH3HAYCHHS TOPU30HTAIBHHX
3MilleHb pycna piuku Ctpuil, HaiOLIBIIOT nMpaBoOepekHOI MpUTOKU JIHicTpa. 3 Ii€r0 METOK 3iMCHEHO pallOHYBaHHS PIUuKU 3a
MOP(OMETPUYHIMH Ta TiAPOJOTIYHUMHU XapaKTePUCTHKaMH. BUIUICHO TpH YacTHHH: TipChbKy, NMEpeAripchbKy 1 pIBHHHHY, SKi
KapAWHAJIBHO BiAPI3HSAIOTHCS XapaKTepOM ITPOTIKaHHsI i BEIMYMHAMM 3MillleHb. MeTa poOOTH — IIpoaHai3yBaTy BILTMB aHTPOIIOTEHHUX
YUHHUKIB Ha TiAPOJIOTIYHUH pesxuM piuku CTpuil, a Takok mociinutu BB [lepenkaprnarcekoro ta CTpHHCHKOIO NMPOTMHIB Ha
XapakTep TOPHU3OHTAJIBHUX 3MillleHb. O0’€KTOM LBOrO JOCHIDKEHHS € pycioBi npouecu piuku Crpuii. Posmisgaroun ocHOBHI
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HPUPOJIHI YMHHUKH, 110 BILIMBAIOTH HA TOPH30HTAJIbHI 3MIIIIEHHS pyclia, OCOOIMBY yBary HaJlaHO I'€OJIOTYHUM Ta CErMEHTOJIOTYHIM
CTPYKTypaM y perioHi, Jie npoTikae piuka CTpuil Ta 1l IPUTOKH, Cepe]] aHTPOITIOTEeHHHUX BUJILICHO BUPYOKY JIIiCiB Ta 3a0ip OyniBenbHUX
MarepiaiiB 3 pycia piukd. 3acTocoByrour mporpamuuid naket ArcGIS, 31iiCHEHO MOHITOPUHT 3MillleHb npoTsirom Oinbiie 140 po-
KiB, BUKOPHUCTOBYIOYM TOIOIpagiuHi, reoNoriuHi, IPYHTOBI KapTH Ta KOCMIuHI 300pakeHHS pi3HHUX repioaiB. J[is MoHiTOpHHTY
3Mimens pycia Crpuit BUKopucTaHo Tonorpadiuni kaptu B Macirabax 1:75000 (aBcrpilicekuit nepiog — 1874p.), 1:100000 (rmoss-
cekuil nepion — 1933, pansacbkuit nepiog — 1990p.); xocmiuni 300paxkenns Sentinel2 (2019 ta 2020 p. (micis maBoaKy)); Kapry
YEeTBEPTUHHUX BiJKIaAiB Ta IPyHTOBY KapTy macmrady 1:200000. Piuka Crpuit nporikae B Mexax il 1Box cTpykTyp — CknboBHX
Kapnar Ta INepeaxapnarcekoro nporuny. IlpaBobepexni npurokn (bucrpuryt, Jlimuuist, Ctpuii Ta iH.), siKi nounHaroTthes: B Kap-
narax, IepeTHHAIOTh 30BHIIIHI Ta BHYTpilIHI Mexi [lepeqxaprnarchbkoro MporvHy i XapakTepU3YIOThCS CTIMKICTIO pycia piukd B
ripcbKiil 4acTHHI, 6araTopyKaBHICTIO B IIEPEAripchKiil yacTHHI Ta GaraTopiuHUM i 3HAYHUM MeaHJApYBaHHAM y Mexax [Ipukapmarts.
CeMMEHTOT€HHI POIOBHUINA MAIOTh 3HAYHHUIN BIUIMB B rupii piuku Ctpuil. 3a pesynsraTaMu JOCITIDKSHHS B LI AUISHIN 3MillCHHS
nocsiraroth 1350 M. JlocimipKeHHsT BKIIIOYa€e aHali3 BIUTMBY TEOJIONTYHUX Ta CErMEHTOIOTIUHUX CTPYKTYp Ha 3MiteHHs piuku Ctpuit Ta
xapakTep 11 mporikanus. BeranosieHo, o BupyOyBaHHs JIiCiB B OaceiHi piukH, sK | HECAHKI[IOHOBaHUH BiJ0ip rpaBiifHUX MaTepiaiiB
CTBOPIOE 3HAYHY EKOJIOTiUHY MpobiieMy B perioHi. Pesynbratn MoHiTopHuHTY porieciB nedopmartii pyciia HeoOXiJHO BpaXoByBaTH IpH
BUPIILICHHI 3aB/IaHb, [10B’SI3aHHUX 3 PYCIOBUMH IIPOLIECAMH PiUKH, a came: OyIiBHULITBI I1POTEXHIYHUX CIOPY/, IPOSKTYBAaHHI MEPEK
CJICKTpOIepeadi Mpy MEePEeTHHI PiYOK, PO3BUTKY Ta30MPOBOJIB, BU3HAYCHHI HEOE3MCYHUX 30H 3aTOIUICHHS, BU3HAYCHHI HACIIJKIB
pyHHYBaHHS ICJIsi NOBEHEH, BCTAHOBICHHI MEX BOJIOOXOPOHHMX 30H, YIPABIIHHI BiJNOYMHKOBOIO MisUIBHICTIO, MOHITOPHHTY

TMPUKOPAOHHUX 3€EMEJIb Ta BCTaHOBJICHHI Mi)K,Z[ep)KaBHOFO KOPJOHY B310BX pi'-IOK,

Knrouosi cnosa: 2eonociuni cmpykmypu, MoHimopune, monocpagiuni kapmu, KOCMIYHI 300padicens

Introduction

Like the blood vessels of an organism, rivers
have become a life-giving force of the entire living
world on the Earth. On the one hand river channels
are subject to the objective laws of channel formation,
and on the other hand, they undergo constant changes
resulting from human activity. The study of horizon-
tal reshaping of river channels makes it possible to
understand the mechanism of their development more
precisely. This applies to a plethora of national econ-
omy sectors, the functioning of which is associated
with the use of riverbeds and floodplains. In particu-
lar, it is impossible to reliably build and operate hy-
draulic structures, design river crossings, and develop
floodplain lands without taking into account the de-
velopment of channel deformations (both vertical and
horizontal). When making artificial water bodies it is
necessary to take into account the displacement of a
riverbed in recreational areas hosting tourist routes.

The issues of deformation of river channels un-
der natural conditions and conditions of anthropo-
genic load require detailed research. Therefore, great
attention to the study of the state of river basins and
individual rivers, the study of the impact of channel
processes on the environment, is fixed in European
and Ukrainian documents.

Due to the insufficient knowledge on channel
processes, flooding of settlements occurs. Accidents
at various structures and utility lines happen as the re-
sult of absence or lack of data on the morphodynamic
characteristics of river channels, changes in the chan-
nel regime and their relationship with the hydrologi-
cal characteristics of rivers. In Ukraine, the issue of a
profound study of rivers, taking into account hydro-
logical and morphological analysis and assessment of
the intensity of channel transformation, has become
acute recently.
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The relevance of the problem of determining
changes in river channels and monitoring them is
confirmed by a number of state and administrative
decrees and recommendations, as well as numerous
research works on this topic. In 1995 the Water Code
was adopted; in 2001 — the Land Code; various Reso-
lutions of the Cabinet of Ministers of Ukraine con-
cerning water protection activities were adopted in
1996 and 2009. In the Land Cadastre, the study of
channel processes is associated with the determina-
tion of boundaries of water protection zones and the
establishment of regulatory restrictions. In 2000, the
EU Water Framework Directive was adopted, which
defines the basic principles of water resources man-
agement and ways to achieve good water quality. One
of the main principles, set out in this EU Directive, is
an integrated basin-based model of water resources
management, which provides for the joint actions
of all states, located in the river basins. Directive
2007/60/EC of the European Parliament and of the
Council of the European Union on the assessment and
management of flood risks, presents an action plan for
the assessment and management of flood risks aimed
at reducing negative impacts on human health, the
environment, cultural heritage and economic activity.
The Expert Group is engaged in the development of
the flood protection plan, which has the best practices
and specific recommendations for the protection of
the Danube River from floods. In Poland, /T System
for the Country’s Protection Against Extreme Haz-
ards project (the ISOK project) has been developed.
It is aimed at creating a system capable of improv the
protection of the economy and society from extreme
threats, in particular from floods.

Among other problematic issues, considerable
attention to the study of channel processes is provided
by the World Wide Fund for Nature (WWF), a branch



Burshtynska Kh.V., Kokhan S.S., Babushka A.V., Bubniak .M., Shevchuk V.M.

Journ. Geol. Geograph. Geoecology, 30(2), 215-230.

of which operates in Ukraine. A special Water and
Rivers Commission deals with the problem of
degradation of rivers and channel processes. Such
researches contribute to the prevention of natural
hazards and their consequences, to reduction of
material losses and, most importantly, to protection
of human life.

There are two mutually exclusive processes as-
sociated with rivers. Since rivers are the water sourc-
es for settlements, water is taken from them for life
and economic needs. Often, water is intaken not only
ineffectively, but also irresponsibly without observ-
ing sizes of water protection zones, and documents
regulating these sizes have not been revised or speci-
fied for decades. This promotes ruination of the flood-
plain, its housing development, erosion processes
and, as a result, the siltation and degradation of rivers.
This problem, which relates mainly to the steppe ter-
ritories of Ukraine, but also occurs in other regions, is
emphasized in P. Yatsyk’s work (Yatsyk et al., 1991).
Other hazardous phenomena, namely high flows and
floods, are dangerous as they lead to huge material
losses and even human casualties.

In the 21st century in the Carpathian and Pre-Car-
pathian regions there have been three significant de-
structive floods: in 2008, 2014 and 2020 (June 23-28).
The flood in 2020 was especially powerful. The great-
est losses were suffered by Ivano-Frankivsk and Cher-
nivtsi regions, although “the big water” also caused a
lot of damage in Lviv and Zakarpattia regions. Due to
torrential rains, the Carpathian rivers, the Black and
the White Cheremosh overflowed their banks, and in
a couple of days — the same happened with the Dni-
ester and Prut rivers. All rivers in the regions where
devastating floods occur originate in the Carpathians.
Witnesses to the 2020 flood witnesses recalled how
the water flow rapidly increased, without encounter-
ing any resistance, sweeping away everything in its
path, carrying huge stones from the mountains, trunks
of trees torn with their roots, several non-residential
buildings, heaps of waste were often dumped near riv-
ers. The water rose so quickly that it was not possible
to save any household property and cattle. In the vil-
lage of Yasinya, Zakarpattia region, the water rose by
1 meter in one hour. The Prut rose by 5 meters, near
Galych the Dniester reached an unprecedented level,
i.e. 7 meters. This flood is considered the greatest in
the past 60 years in Western Ukraine. According to
the Ecological League experts (www.ecoleague.net),
14,000 houses, thousands of kilometers of roads were
destroyed, 150 bridges and other infrastructure objects
were ruined or significantly damaged. Some villages
of the Carpathians remained encircled by the high wa-
ter and completely cut off from the world due to large

landslides that blocked roads and became threatening
to houses. Crops, household goods and belongings
were destroyed. To help the population and eliminate
the consequences of the flood, 1,500 national guards-
men and rescuers were involved. According to pre-
liminary estimates, the costs for overcoming the con-
sequences of the disaster amount to UAH 4-5 billion.

It is obvious that the reason for the floods that
have afflicted the Pre-Carpathian region, Bukovyna
and Zakarpattia during the previous centuries, was
torrential rains, that is, a natural factor, but in several
publications (Kovalchuk, 2003, Parpan and Olijnyk,
2009), the reasons are associated with anthropogenic
factors: the housing development of the floodplain,
extraction of stone, gravel and sand from channels,
but deforestation is considered the most important
among them.

Knowledge on the patterns of development of
channel processes allows for more rational use of riv-
ers and their ecosystems, and ignoring them leads to
negative consequences, in particular, to the destruc-
tion of hydraulic structures, erosion of banks, land-
slides, etc. Obeying the objective laws of channel
formation, nevertheless, channels undergo constant
changes caused by the human activity.

To effectively solve management problems, in-
cluding those related to channel processes, it is neces-
sary to use a complex approach, based on the utiliza-
tion of satellite images of different spatial resolution
for monitoring channel processes, images from UAVs,
topographic and special maps with their follow-up
processing using GIS technologies. It will allow one
to take into account the main factors that significant-
ly affect the said processes, namely deforestation of
the river basin, extraction of building materials from
channels, and housing development on land in the
floodplain.

The task of our research study is to monitor the
horizontal displacements of the Stryi River starting
from the headwaters to the mouth where it flows into
the Dniester River and analyse the impact of the most
important natural and anthropogenic factors signifi-
cantly influencing these displacements. The effect of
geological and sedimentary structures, the peculiari-
ties of geomorphology, changes in the riverine area
due to the deforestation and extraction of building
materials from the river channel and floodland are
considered.

The results of monitoring the deformation pro-
cesses occurring in the channel should be taken into
account when solving problems related to river chan-
nel processes, namely the construction of hydraulic
structures, the design of power transmission networks
or gas pipelines across rivers, the determination of
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hazardous flooding zones, consequences of destruc-
tion after floods, the establishment of boundaries of
water protection zones, the management of recre-
ational activities, monitoring of border lands and the
establishment of an interstate border along rivers.

The research study objective is to determine the
hydrological changes in the Stryi River channel and
the factors that cause these changes. In particular,
we considered the influence of such natural factors
as geomorphological and hydromorphological;
geological, lithological and  anthropogenic:
deforestation on the slopes within the riverbed
territories and the extraction of boulder-gravel
materials from the riverbed and floodplain. It has
been established that the first catalysts of channel
changes are high water and flood phenomena.
Common consequences of these natural phenomena
are not only changes in the parameters of the channel,
its bottom topography, such as meandering, but also
huge material and social losses. Therefore, the issues
of deformation of riverbeds under natural conditions
and conditions of anthropogenic load require detailed
research.

Literature review

Changes in morphological characteristics and
riverbed displacements. The study of the stability
of river channels is closely intertwined with studies
of their horizontal reshaping, as well as the factors
influencing them, their direction and intensity. These
main reasons for studying channel processes are
indicated in (Shuliarenko, 1998).

Due to the removal of a significant amount of
sediment from the mountains and the flood regime of
the Pre-Carpathian rivers, their channels are actively
changing and deforming. The flow is influenced by
the geological and geomorphological structure, which
determines free or limited conditions for the develop-
ment of channel displacements, which in turn deter-
mine the width of the valley bottom, the channel itself
and the floodland. Actually, water runoff, geological,
and geomorphological structure are the leading natu-
ral factors of channel processes.

The designed methodology based on the applica-
tion of remote sensing data and geoinformation tech-
nologies allowed us to determine and analyze planned
displacements of the Dniester and Tisza rivers (Bur-
shtynska etal., 2016). The obtained results indicate the
influence of geomorphological and geological factors
on the channel displacement. The research data cover
a period of 140 years. The maximum displacements
for the Tisza are 930 m, for the Dniester they are 620
m. The Tisza basin is twice the size of the Dniester
basin, which explains the greater water flow. In addi-
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tion, the greater hydrological regime is influenced by
the geomorphological factor, in particular the heights
from which the tributaries of the Tisza flow down
(1000 - 2020 m above sea level). The Dniester and its
tributaries flow down from the altitude of 900-1200 m
above sea level. Large floods are observed in the Tisza
basin, since, in addition to summer floods, winter and
spring floods are observed for the Tisza tributaries,
especially typical for the Teresva, Borzhava and oth-
ers. But the geological structures along which these
two rivers flow are identical. For the Dniester, these
are the Skybovi Carpathian Mountains and the UCF,
while for the Tisza they include the Skybovi Carpath-
ians and the Trans-Carpathian Deep, neither of which
differ significantly. The methodology for monitoring
channel displacements and the research results were
presented at the ISPRS Congress in 2016.

In (Burshtynska, 2017), a methodology for moni-
toring the displacements of the Dniester River from
the town of Galych to the town of Zalishchyky is
considered and the specifics of the displacements for
various sections of the plain and canyon parts are pre-
sented.

The research, empowered by new approaches
and technologies for monitoring channel processes,
is presented in (Burshtynska et al., 2019). It testifies
to a significant difference between the values of hori-
zontal displacements of the right-bank and left-bank
tributaries of the Dniester river, located on different
geological structures: the former are located within
the UCF, the left-bank ones are located within the
Volyn-Podilsk Upland. In the same research work,
mathematical expressions for determining the stabil-
ity of channels, proposed by various authors, have
been analyzed.

Channel changes significantly affect natural and
cultural landscapes as well as human economic ac-
tivities. On the other hand, anthropogenic activities,
in particular mining and construction works in the
river valleys also cause changes in the river channels
and significant environmental problems. Substantial
displacements of the Stryi River channel, associated
with the features of the lithological structure, as well
as with hydrological and ecological disturbances of
the channel and its floodland, are indicated in (Shev-
chuk and Burshtynska, 2011). The paper presents an
analysis of the horizontal displacements of the Stryi
River over a 140-year period and indicates that they
have reached 1,200 m in its mouth part.

The influence of the upper geological structures
on the character of the Dniester River and its right-
bank tributary in the piedmont part is considered by
(Rudko and Petryshyn, 2014). Actually, the specific
geological structure of the UCF with its thick deposits



Burshtynska Kh.V., Kokhan S.S., Babushka A.V., Bubniak .M., Shevchuk V.M.

Journ. Geol. Geograph. Geoecology, 30(2), 215-230.

of gravel and sand has become not only a place for
the extraction of this valuable raw material, but also
a territory of significant environmental disturbances
and losses. The authors note that boulder-gravel-
sandy rocks within Ukraine are distributed very un-
evenly. Their significant reserves are concentrated in
the UCF. They were formed by Quaternary alluvial,
deluvial, fluvioglacial and aeolian deposits. They oc-
cur as lenses and stratal deposits up to 20-25 m thick
at a depth of 0-3.0 m.

Monitoring of the Stryi River estuary for the
period of 1896-2006 was performed by means of a
similar methodology using topographic maps and
Google-images (Horishnyi, 2014). The author em-
phasizes that the riverbed displacement is associated
with the lithological structure of the UCF. Interesting
studies of changes in the Stryi riverbed, dependent on
the extraction of raw materials for the production of
building materials, are presented in (Volosetskyi and
Shpyrnal, 2013).

Large-scale studies of riverbed deformations are
carried out in different countries. Thus, in (Buffing-
ton et al., 2014), the influence of topography, geology,
climate, vegetation, and land use on the spatial and
temporal change of channel processes in the Pacific
Northwest is indicated. The authors investigate the
influence of channel types on physical models, which
can be used to predict changes in channel morphol-
ogy.

The relationship between the topography of the
earth’s surface and the hydraulic characteristics of a
channel, in particular the influence of surface and un-
derground water flows, as well as studies of the mor-
phology and structure of the Amazon River channel,
are presented in (Beighley et al., 2009).

Scientists from the Great Britain (Hooke, 2006)
investigated the intertwining and tortuosity of single-
thread and multi-thread river channels with the deter-
mination of meandering and interlacing coefficients.
It is noted that multi-threaded rivers are more mean-
dered than single-threaded ones.

Studies of the problems of channel processes in
Western Australian rivers are presented in (Janicke,
2000). The influence of anthropogenic factors on
the transportation of sediment and siltation is noted.
Attention is drawn to the solution of the problem of
degradation of rivers and channel processes, which is
dealt with by a special Water and Rivers Commission.

In (Guneralp et al., 2011) the migration of the
Brazos River in Texas over the period of 1910-2010
has been analyzed. Topographic maps and satellite
images of different time periods were used. Not only
the migration of the channel, but also the meanders,
the slope and the shape of the channel of this river

have been studied. Channel migration zones, which
combine historical channel displacements and fore-
cast future displacements, have been identified pre-
senting an analytical tool for forecasting areas that
may be at risk of catastrophic floods.

In (Legg and Olson, 2014) the objects of study
are the rivers of Western Washington, in particular,
the riverbeds’ migration is investigated. It is indicated
that channels migrate within the floodplains due to the
processes of channel expansion, changes in bends and
their frequency.

Stratigraphic, geomorphological, and paleoeco-
logical data were collected from high-altitude water
intake areas in the Great Basin of Central Nevada to
assess the relationship between the Late Holocene
climate change, land-forming processes, forest cover,
and modern channel dynamics (Miller et al., 2001).
They indicate that the transition to drier, warmer cli-
mates 1300-2500 years ago led to a complex set of
geomorphological reactions. The initial reaction was
massive erosion of mountain slopes and, simultane-
ous gravitation of lateral valley alluvial deposits.
It was replaced by sediment stabilization, as fine-
grained sediments formed from rocks, and, in particu-
lar, changes in sedimentary processes and runoff oc-
curred. It has been proven that the current dynamics
of channels and associated bank ecosystems signifi-
cantly affect the shape of forests.

New Orleans professor Stephen A. Nelson ex-
plains the formation of meanders as follows: due to
the rate of change in the structure of the flow, espe-
cially in rivers with easily eroded soils, straight sec-
tions become tortuous. At the outer part of the mean-
ders, at the bends, where the flow rate is the highest,
the development of soil erosion occurs. Silting occurs
along the interior part, where the velocity is low (Nel-
son, 2012).

Deforestation impact. Let us consider some
works related to another factor that has a significant
impact on the hydrological regime of rivers, i.e. the
deforestation in the river basin.

The monograph (Kovalchuk, 2003) comprehen-
sively considers natural factors of channel processes,
in particular, the state of the river flow in the Dniester
basin and the amount of precipitation in the region
over the second half of the 20th century. The mono-
graph highlights the insufficient amount of affores-
tation of water intake areas (40.2% in the Ukrainian
Carpathians and 25% in the Pre-Carpathians). The
study also notes the state of forests, including exces-
sive forest felling, changes in the age and species
composition of forests, anthropogenic reduction of its
upper boundary by 200-300 m, as well as the fact that
the percentage of afforestation in the Carpathians is
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steadily decreasing.

Environmentalists of the state agency of Ukraine
have long been concerned about unauthorized defor-
estation. Studies (Kabal, 2016) indicate a great role of
forests in maintaining water balance. The optimal for-
est cover for elementary water intake areas should be
65-70%. Trees begin to accumulate water after reach-
ing 40 years of age.

In (Parpan and Olijnyk, 2009) the formation of
floods, the structure of forests and their water regu-
lating role in the Ukrainian Carpathians has been
analyzed. There are also proposals for enhancing the
protective properties of forests. As initial data, the sta-
tistical data on the calculation of afforestation in the
region, as well as hydrological and experimental stud-
ies over a 50-year period were used. Scientists point
out that the forest in the Carpathians reduces the flow
of water on the slopes by about 4-5 times, the trunks
and crowns of trees restrain water flows by 20-30%.
The forest prevents landslides, while in dry weather it
contributes to the feeding of rivers with groundwater.

In (Bayrak, 2011) the issues of deforestation in
the Pidbuzh river basin, as well as changes in its hy-
drological regime have been considered.

The paper (Burshtynska et al., 2014) is devoted
to the problems of forest felling in the Carpathian
region. Satellite images with high spatial resolution
were used for the study. The study has established that
satellite images can be used to detect not only areas,
but also the time of felling. In (Kokhan et al., 2020),
a new approach to the use of vegetation indices for
vegetation identification has been proposed.

The state of forests in Uganda is discussed in (Jo-
sephat, 2018). Uganda is noted to have suffered the
adverse effects of climate change, especially during
the last decade, as evidenced by numerous periods of
erratic rainfall, prolonged droughts, floods, repeated
mudflows, thunderstorms, increased pests and dis-
eases, hunger and declining agricultural productivity.
The population growth and migration have increased
the demand for agricultural land and firewood, and
rural poverty limits the ability to invest in sustainable
land management practices.

The Yangtze River flood in 1998 (Xin Zong
You, 2012) set the limit for the Chinese government
to take measures to protect the environment for sus-
tainable development. The Chinese government
strictly banned deforestation in the wake of the di-
saster, prompting mixed criticism from the interna-
tional community. However, based on the literature
reviewed, it was concluded that forest and flood are
closely related to each other, and deforestation does
have a huge impact on the intensity of floods or their
frequency.
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For centuries, forests have been believed to pro-
vide flood protection. However, such claims created
controversy, and there was no large-scale quantita-
tive evidence of a possible role for forests in flood
protection. Using data collected during 1990-2000 in
56 developing countries, the authors (Bradshaw et al,
2007) prove, that with a decrease in the area of natural
forests by 10%, the average model forecasting of the
frequency of floods increases within 4% - 28% among
the simulated countries, and also led to an increase in
the total duration of floods by 4-8%.

The article (Ali, 2014) focuses on the study of
the role of deforestation, its impact on climate change
and its consequences in Pakistan. Forests protect bio-
diversity, soil and regulate the hydrological cycle, air
temperature, help to cope with the effects of climate
change. With the population growth and the trend to-
wards urbanization, the rate of deforestation has in-
creased, disrupting natural atmospheric and climate
patterns and exacerbating the devastating impact of
natural disasters, including catastrophic floods.

Carbon emissions and the risk of deforestation
are high on the list of globally important externalities
(Buys, 2007). For example, a strong global
commitment to the Framework Convention on
Climate Change, which calls for the stabilization of
greenhouse gases’ release in the atmosphere, would
mean conditions for the conservation of forests. The
hydrological effects of deforestation are extremely
sensitive to local conditions. In the past, politics was
influenced by hydrological myths, including that
forests produce water. Reliance on these myths has
backfired forest restoration and may have undermined
efforts to protect forests.

Current knowledge shows that the greatest ben-
efits from watershed management occur within small
watersheds, in small steep basins from which cities
intake water, or along river boundaries. Fine-tuning
the behaviour of a watershed requires attention not
only to the presence or absence of trees, but also to
their placement, agricultural activities, and especial-
ly the placement and maintenance of roads. On the
other hand, the conservation of forests, motivated
primarily by biodiversity, can stabilize the hydrologi-
cal regime in the basins of large rivers. However, the
scientific understanding of hydrological processes is
incomplete. In some cases, large-scale deforestation
can affect the regional climate. There is also discus-
sion of the extent to which deforestation can reduce
runoff during the dry season. Detailed scientific and
economic research is needed to identify situations in
which deforestation poses these risks.

The article (Li-An et al., 2018) indicates that the
global increase in the frequency and extent of floods
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is caused by anthropogenic activity. From 1980 to
2009, floods killed more than 500,000 people and
affected more than 2.8 billion people worldwide.
Through urbanization, deforestation and large-scale
agricultural activities landscape alteration contributes
to flooding urban and rural areas. Industrialization in
developing countries increases carbon emissions by
activating an aerosol-induced mechanism. As a result,
a catastrophic flood occurred in Sichuan in 2013. In
addition, rainfall in urban areas has increased due to
the urban heat island effect.

Materials and methods

The Stryi River is the largest right tributary of the
Dniester, which originates at an altitude of 1,120 me-
ters. The length of the river is 232 km. In the highland
part, the river flows along a narrow valley, the average
channel width is 30-50 m. In the hilly part, the width
of all spits can reach up to 120 m. In the lowland part,
the width does not exceed 80 m.

Materials of different time periods used for
research require an assessment of the accuracy of
their transformation. These researches were carried
out by the method of coordinate transformation
using power polynomials by means of ArcGIS 10.1
software product. Since the topographic maps used
were created in different time periods and in different
cartographic projections, and satellite images are
stored in the UTM projection (Table 1), it is necessary
to normalize all available materials to the universal
topographic Mercator UTM projection.

where: x', )’ are coordinates of the first projection
taking into account the average value;

X, Y are coordinates of the second projection;

X, Y, are coordinates of the average value of the
second projection;

a, bi,j are conversion function coefficients.

To convert the n-th power it is necessary to

have at least p, common points:

, Pa=p+ ) (i+1) (3)
i=2

where: p, is the number of common points for the
transformation of the first degree.

For the reference common points were used,
which are identified on topographic maps and images:
bridges, crossing points on railway tracks, places of
worship, etc. The transformation is carried out by a
2nd degree polynomial using 10 common points. For
comparison, Table 2 shows the alignment accuracy
using 1st and 2nd degree polynomials.

The research results

Geological and sedimentological structures The
Stryi River crosses the following geological structures
of western Ukraine — thrust-and fold elements of
the Ukrainian Carpathians, the UCF, (the inner and
outer zones). The question of how geological features
have influenced and still influence the nature of
the river arises. Another question is how the river
itself influences the formation of some geological

Table 1. The main materials for the study of horizontal displacements of the Stryi River channel

. Year of publi- s s .
No Input materials cation / survey Ellipsoid Projection type Coordinate system

. . Austrian ellipsoid . . | Halychyna coordinate

1. | Topographic map (Austria-Hungary) 1874 of 1810 Zoldner - Cassini system
. Austrian ellipsoid . . | Halychyna coordinate

2. Topographic map (Poland) 1933 of 1810 Zoldner - Cassini system

Topographic map (USSR) 1990 Krasovsky Gauss - Krueger SK-42

4. Sentinel 2 satellite images 2019/2020 WGS-84 UTM WGS-84

A power polynomial is used to transform one map
projection into another. The formula for transforming
one cartographic projection into another using power
polynomials is:

X=X, +Zn: Zn:ajxiyj

=0 j=0

’ Y:Y0+i ibjxiyj

i=0  j=0

(1

2

Table 2. The main materials for the study of horizontal displace-
ments of the Stryi River

Polynomial of POI};EOI;H?I of
River Map the 2nd degree els
(m) degree (m)
Aust.rlan 2 .
period
The Soviet period
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formations, such as alluvial deposits. A very important
factor that should be taken into account is the influence
of man on the processes taking place in and around
the river. The Stryi River has a length of 232 km, the
area of the basin is 3,060 km? (Fig. 1).

Geomorphologically it intersects the Carpathians
and Pre-Carpathians. In the Carpathians, the Stryi
River has a mountainous character with a narrow
valley, while in the Pre-Carpathians it is partly a
plains river.

Fig.1. The location of the Stryi River in the Dniester River basin

The Stryi River crosses two high order structures,
i.e. the thrust and folded-belt of the Ukrainian
Carpathians and the UCF which superimposes the
platform (Fig. 2).

A number of structures - nappes - have been
identified in the thrust and folded-belt (Bubniak I.,
Bubniak A., 1997). It runs through two nappes of
the Ukrainian Carpathians — Krosno and Skyba. The
other two nappes through which the Stryi Rriver
flows - Boryslav-Pokuttia and Sambir ones — belong
to the UCF (Nakapelyukh et al., 2018). Adjacent to
these structures from the east is the Bilche-Volytska
zone (Outer) of the UCF, which is an autochthonous
tectonic unit. All these nappes (except Sambir) are
composed of formations ranging in age from the
Cretaceous to the Neogene. The bulk mass of the
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nappes is composed of layers of sandstones, siltstones
and argillites, which form the so-called flysch. The
thickness of the flysch complex in the thrusted state
is 12 km.

The Cretaceous deposits in the study region were
formed in two different tectonic and paleogeographic
conditions, i.e. platform and geosynclinal ones
(Havrylyshyn et al., 1991). Mostly, the direction of
the riverbed of the Stryi River is caused by tectonic
factors, namely regional faults transverse to the

Carpathians. Part of the Stryi tributaries is also
controlled by faults of smaller orders and fractured
zones, which have a fairly regular location (Hintov
et al.,, 2011). Although there are some exceptions,
for example, the meander of the Stryi River near the
village of Rybnyk may be due to the composition
and mechanical properties of rocks. The situation is
significantly different in the Bilche-Volytska zone of
the UCF. The foredeep is filled with upper molasses
and Quaternary sediments, which differ in lithological
composition and mechanical properties from flysch.
Here, in our opinion, the main factors influencing the
deformation of the channel are lithological ones.
Geomorphological factors. The geological and
sedimentological structures along which the Stryi
River flows, determine the diverse relief of the territo-
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Fig.2. The main tectonic structures of the Stryi River basin

ry. In the upper part there is a mountainous relief with
narrow valleys. The lower part of the course of the
Stryi River is conditionally divided into piedmont and
plain. This division is due to the different nature of the
riverbed in these areas. In the piedmont part, the river
is characterized by a significant number ofbraids and
the absence of meandering. In its lowland flat part,
the river flows practically as one channel with signifi-
cant meandering and the presence of oxbow lakes. A
fragment of a digital elevation model with an overlaid
digitized channel of the Stryi River is shown in Fig. 3.
Study of the Stryi River displacements. 1t is no
wonder that this river was chosen for monitoring
since the Dniester and part of its right-bank tributar-
ies, including the Stryi, are located in the UCF Within
this foredeep, the Stryi Deep is distinguished, which
significantly influenced the nature of the riverbed, its
floodplain and valley (Table 3). In some places the
Stryi has a very winding channel. In particular, it
makes a large meander near the village of Rybnyk,
which is not typical for the mountainous part.
Monitoring was carried out for over a 140-year
period. The Stryi River was conditionally divided into
mountain, piedmount and flat parts. To monitor the
Stryi River channel meandering, the following were
used: topographic maps scaled 1: 75000 (1874) and
1: 100000 (1933 and 1990); satellite images obtained

from the Sentinel-2 satellite (2019 and 2020), for the
mountainous part a high-resolution image from the
Bing service was also used; 1: 200000 scaled maps
of the Quaternary sediments (1970) and a soil map
(1967). The methodology for performing the study is
presented in (Burshtynska et al., 2017, Burshtynska

etal., 2018).

Table 3. The main characteristics of the Stryi River

Characteris- The upper Ml.d dle
. (moun- (pied- The lower
tics of the . .
. tainous) mont) (plain) part
river
part part
The main hydrological and morphometric character-
istics
Width, m 10-90 30-120 30-80
Depth, m 0.5-1.5 1.0-2.5 3.5-4.0
Speed, m/s 0.9 0.4 0.2
Slope m/km 5 1.7 0,.8

Meteorological and hydrological characteristics

Precipitation,

1,200 900 800
mm
Average an-
nual runoff, 20 35 50
m’/s
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Fig. 3. Fragment of the TIN model with the overlaid Stryi river channel during its transition from the mountainous to the

piedmont part

Mountainous part. The mountainous part of the
river is characterized by the presence of one channel.
The difference in height from the source to the exit
of the river to the piedmont territory is about 750 m
within a 150 km long section, that is, on average 5 m/
km. A fragment of a section of the Stryi riverbed in the
mountainous part is shown in Fig. 4. Since the valley
of the river flow in the mountainous part is predomi-
nantly narrow, the values of channel displacements
during the study period are relatively small. The re-
sults of measurements of channel displacements in ar-
eas with maximum deviations when approaching the
piedmont part of the channel are presented in Table
4. The maximum displacement recorded in this area
is 200 m.

Enlarged fragments of the channel with details
of the maximum changes are shown in Fig. 4. In the
mountainous part, only 9 points were selected to de-
termine the displacements (in the places of the great-
est deviations), since in this part the channels prac-
tically overlap. The maximum displacement value
obtained for the years of 1874-2019 is 200 m, that
is, the displacement is relatively insignificant. In the
mountainous part, the displacements are insignificant
and do not exceed the accuracy of the representation
the topographic map.

Piedmont part. The length of the piedmont part of
the Stryi River (from the urban settlement of Verkhne
Syniovydne, Skole district, Lviv region to the urban
settlement of Gnizdychiv, Zhydachiv district, Lviv
region) is about 50 km. The drop in this section is 85
m, that is, 1.7 m/km. This part is characterized by a
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Table 4. Maximum displacements of the Stryi River channel in
the mountainous part

Measurement point Maximum displacement
number
1 130
2 120
3 120
4 170
5 160
6 150
7 200
8 130
9 140

significant multi-braided structure of the river chan-
nel (Fig. 5). Therefore, for this section, the number of
spits and the measured width of the distance between
the outermost river threads are supplied (Table 5). In
1874, the maximum spit width was up to 1.5 km, the
river was divided into 3-6 spits.

In more than 100 years (1990), the width
between the outermost river spits decreased to 500
m. In general, a decrease in the channel width is
recorded in all sections of the river, which indicates
a decrease in its water content. Within the piedmont
part, the displacements are the differences between
the width of the river spits. It should be noted that
in this section the channel shifts in the north-western
direction, which poses a risk that the international
highway might be eroded.

Plain part. The most varied part of the river in
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Fig.4. Fragment of digitized channels of the mountain part of the Stryi River overlaid on the topographic map of 1933 and
places of displacement measurement

terms of changes and water regime is the channel locat- a large number of meanders and abandoned oxbow
ed in the lowland part of the area up to its entering the lakes, in some areas the terrain is swampy. The Stryi
Dniester River (Fig. 6). The length of the plain part of River makes the most interesting meanders near the

= Sentinel_2020

|
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= [ Pol 1933
[
o @ Aus_1874

Fig.5. Fragment of digitized channel images of the piedmont part of the Stryi River overlaid on the topographic map of 1933
and sites of measuring the number of river channel braids

the Stryi River (from the village of Gnizdychiv, Zhy- town of Zhydachiv, where it flows in several differ-
dachiv district up to the inflow into the Dniester River ent directions for several kilometers. This part of the
near Zhydachiv, Lviv region) is 18 km. The elevation riverbed is mostly dependent on the geomorphologi-
difference in this section is 15 m, that is, 0.8 m/km. cal structure, which is characteristic of the UCF. The
In this part, the Stryi has a very winding channel with river, crossing sections of rocks of different hardness,
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forms valleys of various types, ranging from narrow,
almost terraceless, to wide ones at the intersection
with soft rocks. It is known, that deposits of various
geological periods are included in the structure of the
UCF. The UCF Quaternary sediments are represented
by four types: old, middle, new and modern. The new
type is associated with a continuous cover of loess-
like loams. The modern includes sandy-pebble-clayey
sediments of floodplains of river valleys, fan cones,
swamps, alluvial-deluvial formations (Horishnyi,
2014).

used satellite images from the Landsat-7 (2000)
and Sentinel-2 (2020) satellite systems. The imag-
ing equipment of Landsat-7 satellite operates per the
optoelectronic principle of scanning in eight spectral
channels: panchromatic with a spatial resolution of
15 m, six multispectral channels of visible, near and
mid-infrared ranges with a resolution of 30 m, and far
infrared ranges with a resolution of 60 m. Upon imag-
es synthesizing we applied a pan-sharpening method
allowing receiving images with spatial resolution of
15 m.

Table 5. The number of braids and the measured width of the distance between the outermost river spits

1874 1933 1990 2020
Nos.
" | Thewidthof | Numberof | Thewidthof | """ | Thewidthof | N“™*" | Tne widthof | Number
0 . X . . X of the . X of the . .
points the river spits the river the river spits river the river spits river the river spits of the
(m) spits (m) spits (m) spits (m) river spits

10 80 1 700 2 100 1 350 2
11 490 2 650 2 420 2 140 2
12 1,610 5 1,320 4 560 3 100 1
13 1,550 5 1,720 3 520 2 160 2
14 1,370 5 1,500 6 470 3 240 2
15 1,190 6 1,250 6 750 3 670 2
16 1,140 6 230 2 140 1 40 1
17 100 1 730 6 120 1 150 2
18 1,270 5 1,390 4 100 1 410 4
19 250 2 880 3 90 1 560 2
20 1,100 3 300 2 470 2 370 3

One of threatening processes is the intensive
extraction of gravel and sand from riverbeds, the
development of deposits of boulder-gravel-sandy
rocks on the Dniester, Stryi, Svicha and Opir rivers
within the territory of Lviv region, which negatively
affects the ecological state of the environment.
Deposits of boulder-gravel-sandy rocks within
Ukraine are distributed very unevenly.

Table 6 shows data on riverbed displacements.
Table 7 shows the number of oxbow lakes and alluvial
islands; the total area of oxbow lakes is calculated for
the lowland part of the Stryi River near the town of
Zhydachiv.

The reduced area of oxbow lakes in 1990 can be
explained by the fact that only large oxbow lakes are
indicated on the map, as well as those that contrasted
significantly in-situ.

Deforestation and gravel removal from the riv-
erbed. Recently, deforestation has increased many-
fold, especially in the Carpathian region. It is know
that in the absence of an active root system rainwater
drains into the valley much faster and often causes
floods. To determine the areas of forest felling we
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Table 6. Riverbed displacements of the Stryi River plain part

Nos. of Riverbed displacements, (m)
points 1874-1990 1990-2019

21 600 500

22 1,350 140

23 900 80

24 780 130

25 330 260

26 630 170

Table 7. The number of oxbow lakes and alluvial islands within
the Stryi River plain part

Years Number of Oxbow lakes Nur.nbgr of al-
oxbow lakes total area, ha luvial islands
1874 20 129 12
1933 20 95
1990 20 142
2019 12 104 2
In order to obtain a digital terrain model, the

Sentinel-2 satellite consists of two identical satellites
Sentinel-2A and Sentinel-2B. The satellites are
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Fig.6. Fragment of digitized channel images of the plain part of the Stryi River and places of displacement measurement

equipped with optical-electronic tools, which operate
in 13 multispectral ranges: visible, near and middle

Fig. 7. Location of the study plots with deforestation traits
along the Stryi River

infrared ranges, the resolution of the equipment is 10
m, 20 m, 60 m, and respectively.

Figure 7 shows post-processed and transformed
images specifying the studied plots in the Turka
forestry located within the Stryi River basin. On
these plots, the areas of forest felling have been
determined. The 2020 image shows fellings, which
are distinguished by a clear geometric structure and a
light tone (Fig. 8).

Table 8 shows the results of measurements of
changes in the forest areas over a 20-year period. The
measurements were carried out at ten test sites by
digitizing satellite images shot by Landsat-7 (2000)
and Sentinel-2 (2020). Thus, it has been established
that over a 20-year period, the area of deforestation in
these areas is about 540 hectares.

In Internet publications (https://vartal.com.
ua/, https://stryi.in.ua/) there are reports that in the
summer months, tons of gravel (up to 150 cars) are
illegally extracted from the Stryi River every day.
Such extraction could change the course of the river,
leading to an environmental disaster. In support of
these words, we present an image of the Stryi riverbed
from the Google Earth service taken at the place of
significant gravel extraction (Fig. 9) in 2009 and 2017.

The 2009 image shows how clearly visible the
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Table 8. Changes in forest cover areas for the period of 2000-
2020 in the Stryi River basin

Plot Forest cover areain | Areas of deforestation
number 2000, ha in 2020, ha

1 487.0 134.0
2 159.6 442
3 533 43.1

4 35.9 253

5 77.7 37.8
6 11.8 8.0

7 135.0 135.0
8 54.4 54.4
9 136.4 26.9
10 47.1 30.7
2 1,198.2 539.4

gravel area is. After active gravel extraction, the river
washed out the bank from the side of the extraction
and changed its course (2017), despite whicht the
gravel was extracted from the inside of the meander,
where erosion is usually insignificant. This is just one
of numerous examples observed for the Stryi River.

a) b)

Fig. 8. Enlarged fragment of site No. 9 on satellite images of
2000 (a) and 2020 (b)

Thus, remote sensing data make it possible to de-
termine the quantitative characteristics of deforesta-
tion and to identify the sites of gravel and sand mate-
rial extraction, which lead to changes in the riverbed
associated with environmental threats.

Conclusions

In order to study the stability of the Pre-
Carpathian rivers and the factors impacting rivers
within the region, a methodology for long-term
riverbed processes monitoring has been proposed.
It consists in using topographic maps of different
times, satellite images obtained with different spatial
resolution, geological, soil and other special maps
then processed by means of GIS systems.

Features of the hydrological regime of the right-
bank tributaries of the Dniester, Stryi, Limnitsia, Bys-
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b)
Fig. 9. Fragment of the Stryi River channel before (a, 2009) and
after (b, 2017) significant removal of gravel

trytsia and other rivers flowing in the Carpathians and
Pre-Carpathian region are associated with the geolog-
ical and sedimentological structures of the Skybovi
Carpathians and the UCF. The tectonic structure also
influenced the hydrological regime of the rivers, neo-
tectonic movements resulted in a block-like structure
of the outer zone of the UCEF, intersected by a number
of large and small disturbances. This fact determines
the high erosion-denudation potential of the relief, ac-
tive development of erosion and landslide processes.

Based on the results of processing topographic
maps and satellite images, it has been established that
the nature of the Stryi River channel indicates three
different parts in terms of displacement values: the
channel flows in the mountainous part without signifi-
cant displacements; the second part is multi-braided
river channel; the third indicates an unstable charac-
ter, significant meandering, intertwining, and the for-
mation of buttes. The maximum displacements in the
mouth part reach up to 1,350m.

The research study testifies that due to lithologi-
cal features and significant ecological disturbances
the river channel has significant horizontal displace-
ments near Stryi city and at the river mouth.

The anthropogenic factors influencing channel
processes include deforestation and the extraction
of sand-gravel materials. Deforestation leads to a
several-fold increase in surface water runoff during
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floods. Experimental study has shown that the area
of deforestation within the Stryi river basin near the
town of Turka amounts to 540 ha during a 20-year
period (2000-2020).

Processing of Earth remote sensing materials us-
ing GIS technologies makes it possible to determine
hydrological and ecological disturbances associated
with deforestation and extraction of gravel-sand ma-
terials.
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Received: 24.09.2020 Abstract. We analyzed the effects of regional and local natural conditions on the process
Received in revised form: 02.01.2021 of construction and functioning of road landscape-engineering systems (RLES) — modern
Accepted: 25.02.2021 actively developing operating roads with the required infrastructure. It has been reported

that compared with other anthropogenic landscapes, those of roads do not receive sufficient
attention from environmental geographers and landscape scientists, especially regarding the impact of regional and local nature condi-
tions on their functioning. On the example of a region, which is specific according to natural conditions and landscape structure — Po-
dillia, we analyzed three natural factors that significantly affect the functioning of RLES in the region, particularly the manifestation
of unfavourable processes in them. These factors include broad distribution (72% of the territory of Podillia) and thick layers of loess
rocks (up to 5-7 metres), high differentiation of the surface and cloudburst pattern of atmospheric precipitations. Those factors create
preconditions for the development of unfavourable processes in the RLES, especially if this is aggravated by poor planning of their
construction and irrational exploitation of RLES of Podillia. In more details, it was analyzed in two natural areas of actively function-
ing road landscape-engineer systems: Khmelnytsky-Vinnytsia (outskirts of Yakyshyntsi village) and Vinnytsia-Uman (outskirts of
Voronovytsia town). We should note that the impact of local peculiarities of the natural conditions and unfavourable processes they had
caused often depend on confinement of the RLES to two of the most dynamic types of landscape in Podillia — slopes and floodplains.
Manifestation of local peculiarities of natural conditions and landscape complexes was analyzed on the example of Podillia’s com-
monest slope-type habitats — ravine tracts that intersect the road landscape-engineer systems. The paper demonstrates that regional and
local peculiarities of natural conditions of Podillia and their impact on the functioning of road landscape-engineering systems should be
considered against the background of expression of zonal natural factors and current conditions of the development of society. Taking
into account regional and local natural peculiarities in the process of construction and functioning of RLES is one of the realistic ways
to ensure long and safe rational exploitation.

Key words: automobile road landscapes, Podillia, local, local nature conditions, road microcenters, unfavourable processes, rational
functioning

BpaxyBaHHsi perioHajJibHUX NPUPOAHUX YMOB y (PYHKUIOHYBAHHI JOPO:KHiX JaHamadTHO-
iH)KEHEepHUX cHUCTEM

I'L. Menucux', O.M. Bansuyk-Opkymia', O.1. Curauk? LTI, LI Kosunceka?, JI.O. Beanarus?

! Binnuyvxuil deporcasnuii nedazoeiunuil ynisepcumem imeni Muxaiina Koyrobuncorozo, Binnuys, Ykpaina,
Valchykorkysha@gmail.com
2Vmancokuil 0epacasnuil neoazoziunuil ynigepcumem imeni Iaena Tuuunu, Ymano, Yrpaina

AHoTanisi. PO3rIsiHyTO BIUIMB PEriOHAIBHUX 1 JIOKAJIBHUX MPUPOAHUX YMOB Ha MpOIeC po30yI0BH i (YHKLIOHYBAHHS JOPOXKHIX
nanamapTHO-imkeHepHUX cucteM ([IJIIC) — cydacHMX aKTHBHO MAi0YMX aBTOMOOUIBHUX JOPIT 3 HAJICKHOK iM iH(PaCTPyKTypoOro.
3a3Ha4yeHo, 110 y MOPIBHSAHHI 3 IHIIMMH aHTPOIIOTEHHUMH, JJOPOXKHIM JaHAmadTam, reorpadu-npupoHIIHIKY 1 TaHAIadTO3HABII
HE HPUAUIAIOTH HAJIGKHOT yBar, 0COOIMBO 1€ CTOCY€ETHCS BILIMBY PEriOHAIBHUX 1 JIOKaIbHUX IPUPOTHUX YMOB Ha 1X QYHKL[IOHYBaHHSI.
Ha nipukiazi CBOEpIHOTO 3a MPUPOJHUMHI YMOBAMH 1 JaHJIIA(THOIO CTPYKTYPOIO periony — IToaimis, po3missHyTO TPH MPUPOTHUX
YHHHUKA, 5IKI CyTTEBO BIUIMBaIOTh Ha (yHKIioHYBaHHA JIIC periony, 30kpemMa i mposiB B HUX HECHPUATINBUX mporeciB. Cepen mux
YUHHUKIB — MIUPOKe Po3MoBCIOpKeHHst (72% Teputopii [Toaist) i 3HauHI TOBIII JIECOBHX HOPIA (10 5-7 M), BUCOTHA AM(epeHLialis
MOBEPXHi Ta 3IMBOBHI1 XapakTep arMoc(epHux omnais. L{i YHNHHUKY CTBOPIOIOTH MEPEyMOBH ISl PO3BUTKY HECHIPHSTIMBHX ITPOLIECIB
y JUIIC, 0coOuBO SKIIO BOHU MiICHIIIOIOTHCS. HEOOTPYHTOBAHOIO 1X po30yoBoIo 1 HepanioHanbsHO0 exciuryarauniero JJJIIC ITomimms.
JleTanpHilie 1e po3NISIHYTO Ha JBOX HATYPHUX JAUISHKaX aKTHBHO (DYHKI[IOHYIOUHMX TOPOXKHIX JNaHAMIAQTHO-IHKECHEPHUX CHCTEM:
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XmenpHUIbKUNA-Binaums (okonuni c. Skymuaii) i Binaums-YMane (oxonumii Mmicrteuka Boponowmipt). 3a3HadeHO, IO BIUIUB
JIOKAJIBHUX OCOOJIMBOCTEH MPUPOAHUX YMOB Ta 3yMOBJICHUX HMMH HECIPHATIMBUX HPOIECIB YacTO 3aJEKUTH BiJ IIPUYPOUCHOCTI
JUIIC nmo nBox HaiimmHaMivyHIimmMX THUIiB MicueBocteil [lomimms — cxumoBoro i 3amuraBHoro. IIposiB jToKampHHX OCOOTHBOCTEH
MIPUPOIHUX YMOB 1 JaHAMA(GTHIX KOMIUIEKCIB PO3IISIHYTO Ha MPUKJIAAi HAaHOLIBII PO3MOBCIOMKEHUX y Mexax [lomimuis cxumoBoro
THUITYy MICLEBOCTEH — ypOouHIl OaJIOK, SKi NepeTHHAIOTh AOPOXKHI JaHmadTHO-iHxKeHepHi cuctemu. [TokasaHo, 10 K perioHajbHi,
Tax 1 JIOKaJIbHI 0COOIMBOCTI MPUPOAHUX YMOB [loisuist Ta X BIUIMB Ha ()YHKLIOHYBaHHS JOPOXKHIX JIaH (A THO-IHKEHEPHUX CHCTEM
HEOoOXiIHO po3mIsiIaTH Ha (OHI NMPOSBY 30HAIBHHUX NMPUPOAHUX YMHHUKIB Ta Cy4aCHHUX YMOB PO3BHTKY CyCIIUIbCTBA. BpaxyBaHHS
peTioHaTBHUX 1 TOKaJIbHUX MPUPOIHUX 0COOMMBOCTEH y Tporieci po30ynoBu Ta GpyHkiionyBaHHs JJIIC — oquH 13 peanbHUX MUIAXiB 1X

TPHUBAJIOTO i OE3MEYHOr0 PALiOHATEHOTO BUKOPHCTAHHSI.

Knrouoei cnosa: dopooicHi nanowaghmu, 0oposicHi 1aHowagdmuo-inocenepri cucmemu, 1100ins, pecionanvHi npupooui ymosu, O0OPOICHI
MIKpOOCepeoKu, HeCHPUAMIUSI NPoYecu, payioHanbHe QyHKYIOHY8AHHS

Introduction

Together with the residential areas, road land-
scapes develop a specific carcass of anthropogenic
landscapes of any territory. Without roads and proper
infrastructure (road landscapes), the development of
contemporary economics is impossible: “...cities plus
road network is a carcass, on the basis of which ev-
erything stands ~ (Baranskyi, 1960). In the early XXI
century, the problem of the development and func-
tioning of road landscapes is one of the most relevant.

Road landscapes are complex and dynamic
nature-economic systems. In their structure, the
essential element is the road landscape-engineering
system (RLES). It is a three-block (nature,
technology, management) system, in the study of
which environmental geographers and landscape
scientists are not actively involved. It is especially
relevant concerning the effects of regional and local
conditions on the process of construction and further
rational use of road landscape-engineer systems. It
would be practical to survey the local specifics of
the development of unfavourable environmental
(nature,  nature-anthropogenic,  anthropogenic)
processes in the RLES of Podillia in separate areas
of the exploited road system, where they manifest
most actively. Taking into account regional and local
peculiarities of functioning of the nature block of road
landscape-engineering systems allows development
of real measures for preventing the manifestation
of unfavourable processes and ensuring the rational
exploitation of RLES in any region of Ukraine.

Therefore, the objective of the study was
substantiation of the necessity of taking into
account the impact of regional and local natural
factors that form preconditions for the development
of unfavourable environmental (nature, nature-
anthropogenic, anthropogenic) processes in the
functioning of road landscape-engineering systems.

Materials and methods

While writing the article, we used the materials
of our own field landscape surveys conducted during
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2017-2020 on 8 natural plots along the Vinnytsia-
Khmelnytsky and  Vinnytsia-Uman  highways.
Cartographic models of these two plots are presented
in the article. The studies also involved the results
of analyses of the projects of construction of these
highways in 1998-2001 and 20162017 and materials
from Vinnytsia Oblast Archive.

The research we carried out is based on the
methods of environmental and constructive geography,
anthropogenic landscape science, landscape ecology,
using the methods of systemic approach, structural
analysis and synthesis, comparative-geographic me-
thod, cartographic and graph-analytical visualization
of the results.

Analysis of previous research

The first to note the road landscapes and distin-
guish them as a separate class of anthropogenic land-
scapes was F. M. Mylkov (Mylkov, 1973), though
without the analysis of the structural organization of
road landscapes. This was carried out later in research
on road landscapes (Denysyk, 2005; Voloshyn, 2009;
Valchuk-Orkusha; 2010;), particularly in the process
of studying the general peculiarities of formation and
development of road landscapes, their structure, clas-
sification and ecological impact on the environment.
More attention to RLES was paid by geochemists and
ecologists (Denysyk, 2005; Voloshyn, 2009; Vanchura,
2011; Halahan, 2014). This is due to the fact that geo-
chemical and ecological results of operation of active
highways have the greatest impact on adjacent terri-
tories and health of the population (Denysyk, 2005;
Voloshyn, 2009). Regional and local peculiarities of
nature conditions and landscape structure and their
role in construction and operation of road landscapes
have not been considered in the available research-
es, though manifestations of unfavourable processes
caused by their specifics are mentioned (Denysyk,
2001; Valchuk-Orkusha, 2010; Vanchura, 2011).
These processes manifest most actively in currently
functioning road landscape-engineering systems, in-
cluding the ones in Podillia, where one of the dens-
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est network of roads (road landscapes) in Ukraine has
been developed.

Results and research

To thoroughly research the current road land-
scapes, it is practical to distinguish three compo-
nents in their structure: the abovementioned road
landscape-engineering system (RLES), road land-
scape-technogenic systems (RLTS), which are former
RLES without a management block, and specifically
road landscapes (SRL) — decommissioned RLES and
RLTS (Denysyk, 2005). Against the background of
zonal landscapes, these structures manifest in differ-
ent ways (Table).

Table. Structural zonality of road landscapes

ponent and landscape complex. We shall analyze it
in more details on the example of Podillia — a region
that is distinct in Ukraine for specific environmental
conditions and landscape structure (Denysyk, 2001;
Denysyk, 2014).

Among the natural factors that stimulated in the
past, influence now and will influence in the future the
development of negative processes and phenomena in
the processes in the operation of the RLEC in Podillia,
the main three are:

- broad distribution of thick layers of loess rocks.
Loess (German, Ldss) is defined as a continental
sedimentary rock with distinct light and pale-yellow
colour, high porosity (40-55%), domination of dusty

Class of anthropogenic landscapes Structural constituents

Zonality

Road landscape-engineer systems

Azonal

Road landscapes

Road landscape-technogenic systems

Zonal-azonal

Specifically road landscapes

Zonal

From the distinguished constituents of road
landscapes, the one having the greatest importance
in their current functioning and further development
is road landscape-engineer systems. The surveys of
RLES need to be given a special attention due to active
development of social-economic processes in Ukraine,
particularly unification of roads (road landscapes)
of Ukraine and West Europe and the beginning of
construction of the European transport corridors within
our country. This will cause significant changes in the
structure and specifics of functioning of the existing
road landscape-engineering systems, and also notably
alter their effects on the adjacent landscapes and health
of the population of the regions of construction.

However, geographic and landscape-study ana-
lytical review of the literature-cartographic sources
concerning the contemporary construction and func-
tioning of landscape-engineering systems over the
past 20 years demonstrates that road experts mainly
focus on the engineer-construction requirements and
safety (Denysyk H.I., 2005, Voloshyn [.M. 2009). At
the same time, practically no attention was paid to the
regional specifics of the natural conditions and land-
scape structures of the construction sites and further
functioning of the RLEC. For this purpose, to pre-
vent the manifestation and development of negative
processes in the road landscape-engineer systems, it
is necessary to take into account regional specifics
of the environment and the pattern of impact on the
further development of the RLEC of each geocom-

(0.01-0.05 mm) fractions, represented by micro-
aggregations, carbonate content, presence of visible
vertical capillaries, hidden horizontal lamination,
ability to develop columnar jointing in dry condition
(cliffs in the conditions of natural bedding). This
definition lacks one trait and has one inaccuracy.
It does not indicate that loess (loess-like rocks) are
easily washed out and driven by the water current,
and in general quickly change their properties under
the effect of water. The inaccuracy is that in natural
condition, neither cliffs nor gullies, develop in loess
and other loess-like rocks.

According to the conditions of bedding, complete-
ness of the section and physical-mechanical properties,
two zones are distinguished; the zone of beyond-the-
glacial loess and zone of loess of the Dnipro glacial
current. Most part (94-96 %) of the territory of Podil-
lia is in the zone beyond the glacial. The conditions of
bedding of entire loess layer in the interfluves, slopes
and high terraces in the region were mainly affected
by the neotectonic regime of certain areas and strati-
fication of the terrain. Spatially, loess is distributed in
Podillia unevenly; the horizons are characterized by
unevenness and varying thickness, dominated by ar-
eas with insignificant (5-10 m, rarer 15 cm) covering.
Notably, the initial loess layers have developed a sub-
horizontal slightly wavy terrain surface. Gullies and
ravines and their erosive-denudation forms have so far
been recorded neither on this surface, nor in the paleo-
landscapes (Melnychuk, 2004; Kunytsia, 2007).
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That is, despite the property of loess and loess-
like rocks to be easily washed out by water current
in natural conditions, no erosive forms, particularly
furrows and gullies have been recorded in the area
of loess distribution. The researches by the above-
mentioned authors focused on Quaternary deposits,
in particular loess and loess-like rocks, paleorelief
and paleolandscapes, and include no characteristics
of paleo-gullies and paleo-ravines. The impossibility
of their development in the natural conditions, and
therefore their absence, were confirmed by the results
of modeling this process (Denysyk, 2001). Therefore,
all ditches, gullies, ravines and upper reaches of the
river valleys in loess rocks, which have intersected
or will run across the RLES during the construction,
have anthropogenic origin. In the conditions of the
contemporary Forest-Field of Ukraine, they are most-
ly unstable, dynamic, and the various processes and
phenomena within their boundaries are not always
possible to predict. If in the process of construction
of the RLES, these anthropogenic forms of terrain
are unavoidable or present in the structure of road
landscape-engineering systems already, they need to
be listed in the cadastre. Thus, in the future, possible
scenarios of the development may be composed tak-
ing into account the specifics of loess rocks. Measures
of prevention or liquidation of deleterious process and
phenomena, which may affect the stable functioning
of the RLES within Podillia, should be made accord-
ing to these scenarios;

- Height of differentiation of the surface. This
needs to be taken into account when calculating the
parameters of horizontal and vertical division of the
surface the RLEC, steepness of slopes, etc. Around
80% of the Ukraine's territory has average vertical
dimension of the surface ranging 10 to 70 m. In the
plains part, the greatest differentiation of the surface
is characteristic of the Forest-Field within the Podil-
lia, Cisdniester, Poltava and Central Russian Uplands
(Denysyk, 2001). In Podillia, these territories lie in
the Dniester Canyon (Middle Prydnistrovie), Podil-
ske low-hill uplands and the Kremenets Mountains,
Podilski Tovtry and partially Opillia. Particularly, the
height dimension of the canyon-like part of the Dni-
ester basin within Podillia is 100-120 to 200-220 m.
This is the so-called Middle Dniester “Low Hill Ter-
rain” (Nuzkohiria). There, and also in the previously
mentioned territories, the RLES are characterized by
numerous road serpentines, supporting walls, bridges,
ditches and embankments, etc. Those dynamic struc-
tures and possibility of manifestations of unfavour-
able processes they cause affecting the early stages
of the construction of the RLES are being taken into
account partially. However, functioning and develop-
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ment of road landscape-engineering systems of Po-
dillia and their optimization in the future taking into
account height differentiation of the territory have not
been planned. Moreover, for the further exploitation
of the RLES (repair of roadbed, construction of road-
side windbreaks, infrastructure, liquidation of unfa-
vourable processes, etc), the same costs are allocated
for the areas of Podilllia Prydnistrovie with low hills
and the level Middle Pobuzhia, Podilski Tovtry and
the Kremenets Mountains and the flat Central Podil-
lia. It is not surprising that the roads within the ter-
ritories with low hills are in catastrophic condition,
and in the plains areas — in more or less normal condi-
tion even during current social-economic problems.
Such an approach to financing the construction of the
RLES needs to be reconsidered. This is especially rel-
evant for local communities.

- cloudburst pattern of atmospheric precipitations.
This characteristic of atmospheric precipitations in
Poddilia is mentioned only when it is manifested
significantly, or even catastrophically. Taking into
account the significant height differentiation of the
surface in some areas of Podillia and the region’s
almost complete covering with loess rocks that are
sensitive to moisture, rainfall pattern of atmospheric
precipitations has a great impact on the functioning
of road landscape-engineering systems of Podillia,
contributing to development of unfavourable
processes within their borders.

Precipitations falling on Podillia measure more
(650-550 mm) than the zonal norm (550-500 mm).
Their distribution is affected not only by the signifi-
cant length of the territory from west to east, but the
high differentiation of the surface. In particular, on
non-weathered slopes of the Podilska and the Pryd-
niprovska Uplands, the precipitations account for 15-
20% more than in the rest of the territory (Denysyk,
2014). The main amount of precipitations (75-85%)
of the annual sum within Podillia falls over the warm
period — April to October. They are often accompa-
nied by thunderstorms and have a cloudburst pattern.
On average, 25 to 35 thunderstorms occur in Podillia
annually, lasting 72-80 hours in total. Usually, thun-
derstorms are accompanied by wind squalls rainfall,
often with hail. Most thunderstorms with cloudbursts
occur in Podillia in June-July. Each thunderstorm lasts
on average three hours. From May to July, 10-14 days
with thunderstorms take place every month, often ac-
companied by cloudbursts. Cloudburst pattern of at-
mospheric precipitations within Podillia has not been
taken into account in any of the construction projects
of the RLES and their further use. Such an addition
needs to be made, for great sums are allocated for the
liquidation of unfavourable processes in the RLES
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of Vinnytsia-Mohyliv-Podilsky (120 km) caused by
cloudburst precipitations.

The characterised natural indicators — height dif-
ferentiation of the surface, presence of loess cover,
which is easily washed by away by streams of water
and the flood inducing character of atmospheric pre-
cipitation create only a precondition for the appear-
ance and development of unfavorable processes in the
construction and functioning of RLES in Podillia. For
their active development a push is necessary. Such a
push is ill thought-out or wrongly projected activity
of people in the process of construction and further
usage of RLES. The total effect of these indicators
sometimes leads to partial reconstruction, rebuilding
or relocation of separate RLES sites, which requires
considerable expenditure of time and finance. We shall
look at this in detail on the example of a section of the
Vinnitsa-Uman highway on the outskirts of the town
Voronovytsya (Fig. 1).

In this area, construction of the RLES started in
the second half of the XIX century without taking
into account the regional environmental conditions
and landscape structure. This has led to gradual
deterioration of the road, even after its numerous
reconstructions over the first half of the XX century.
In the late 1990s, a critically damaged area of the
highway was abandoned, and the road was constructed
closer to the water divide, but the upper part of the
ravine was damaged in the process, and no drainage
was made in the road embankment that intersected the
ravine. A swamp is gradually forming , which with
time will develop into a roadside water body. In the
road embankment of the ravine, shift-caused fractures
can be seen.

A distinctive feature of the road landscape, espe-
cially its microrelief, is a combination of a straight-
line, leveled out roadbed and micro-environments
of anthropogenic ditches (measuring in depth 1-2 to
5-8 meters and more meters, with width at the foot
ranging 3 to 30 m, and up to 50 and more m in the
upper part, the steepness of the slopes ranges 3-5 to
45-60°, sometimes with straight walls) and embank-
ments (0.5-1 to 6-8m and more high, 20-30 m wide at
the foot, the steepness of the slopes in the upper part,
depending on the road width, is up to 60°). Only on
the Khmelnytsky-Vinnytsia highway, at the distance
of 120 km, in 2006, we recorded 67 ditches ranging
in depth 1.5 to 7 m and 72 embankments 1 to 6 m
high. In total, they accounted for 12 percent of the
road landscape and notably designated in its structure
(Valchuk-Orkusha, 2010).

Ditches and embankments are the most dynamic
micro-environments in the structure of the road land-
scapes of Podillia. This is not related exclusively to

their internal dynamic potential, but also to para-
dynamic interrelations with the adjacent landscape
complexes. The intensely developing unfavourable
processes in the area are shift, landslips, taluses,
sometimes collapses and faults. To reduce the actions
of these processes as micro-environments, particu-
larly their slopes, they are being fixated using piles,
drainage systems are made, as well as stone and
wooden support walls and water drainages. Micro-
environments of the ditches and embankment are spe-
cific local landscape-engineering systems, where the
development of unfavourable processes is regulated
by humans (Valchuk-Orkusha, 2010).

The intense dynamics in the structure of the road
landscapes of Podillia causes aquatic, aquatic-marshy
and marshy micro-environments, untypical for the re-
gion, of 0.02 — 0.05 ha area. Without drainage, the
aquatic-marshy roadside micro-environments enlarge
in the areas in spring and autumn, sometimes leading
to activation of undesired processes in the road em-
bankments and ruination of the roadbed. Most often,
this manifests in activation of unfavourable processes
in places where the road crosses the ravines and hol-
lows of the drainage. On the Vinnytsia-Khmelnytsky
highway, on the outskirts of Yakushyntsi village, the
shifting processes are being activated particularly be-
cause of the aquatic-marshy micro-environments on
the roadbed (around 260 m). Fractures and micro-ter-
races emerge, which are constantly being repaired by
construction workers. On the slopes of the road em-
bankment, the shifting processes are clearly notable.
Gradually, a shifting micro-environment is becoming
distinguished in the roadbed. Its liquidation is impos-
sible without draining the aquatic-marshy micro-en-
vironment and stabilizing the erosive-accumulative
processes that take place in the ravine the road inter-
sects (Fig. 2).

Taking into account regional and local envi-
ronmental conditions of the functioning of the road
landscape-engineering systems is also necessary for
rational construction and further effective operation
of their infrastructure. This is especially relevant for
green spaces, particularly the roadside windbreaks.
Creation of them should be made taking into account
the specifics of further self-development depending on
existing regional and local properties of the environ-
mental conditions. This is more relevant for outer sides
of the roadside windbreaks. Inner (roadside) sides are
mostly being controlled by humans and are maintained
in the required condition (sporadic cuttings, cleaning,
new plantations, etc); while the outer ones develop
separately under the effect of the landscapes (agricul-
tural field and meadow-pasture, residential, industrial)
they adjoin. Within Podillia, the roadside windbreaks
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Fig. 1. Impact of regional environmental conditions on construction of RLES in the outskirts of Voronovytsia town in Vinnytsia
Oblast

Road landscapes. Specifically road landscapes. Water-divide. Abandoned road site. Complex road tract. Tracts: 1 —asphalted, on low
embankment (0.5-0.7 m), 5-6 m wide road, abandoned, with fractures and, partially, ruderal vegetation,; 2 — road on clayey-loam-gravel
embankment of up to 0.7 m height, 7 m wide, without road surface, partly covered by turf composed of forbs; 3 —road on clayey-loamy
embankment of 0.5—0.7 m, up to 8 — 9 m wide, partly covered by turf of forbs, sometimes used for a passage by people engaged in rec-
reation; 4 — remains of road embankment with loess-like loams of 0.7 — 1 m high, and up to 8 m in width, with separate ditches (0.2 —0.3
m), covered by turf of weeds and forbs; 5 — entirely covered by turf of forbs and grasses, the road embankment with loess-like loams,
2.5 —2.7 m high, and up to 7 — 8 m wide; 6 — shallow (to 1 m) roadside ditches covered by turf and overgrown by shrubs; 7 — roadside
windbreaks of small-leaved lime (7ilia cordata) aged 200 — 300 years on dark grey loess soils; 8 — solitarily growing centennial (200
—300 years) trees of small-leaved lime and common oak (Quercus pedunculata) in the roadside windbreaks on dark grey eroded soils;
9 — steep (up to 35 - 40°) slopes of road embankment, composed of loess-like loam and covered by turf of forbs. Slope-ravine. Tracts:
10 — sloping (6 - 8°) road embankments of 0.3 — 0.5 m height, 6 — 7 m width, partially eroded and covered by turf of grasses and weeds;
11 — remains of swamped road of 3 — 4 m width with loess-like loams of dam of 10 m width in the foot with eroded slopes, partially
covered by turf of weeds; 12 — shallow (0.5 — 0.6 m), up to 1.5 — 2 m wide roadside ditches, covered entirely by weeds and forbs and
shrubs of box elder (Acer negundo), silver poplar (Populus alba), common sallow (Salix cinerea), rose (Rosa) and Siberian dogwood
(Swida opiz); 13 — steep (up to 80°) cliffs of loess-like loams, taluses and single trees of small-leaved lime, poplar (Populus) and black
locust (Robinia pseudoacacia); 14 — hilly turf-covered surface composed of embankment loess rocks, with old (up to 60 — 70 years)
poplars and limes (7ilia); 15 — sloping loess surface of the ravine with old (up to 200 years) planted limes on the roadside.

Road landscape-engineer systems. Water-divide. Tracts: 16 — asphalt-concrete road, of up to 10 m width, on low embankment (0.7 —
1.2 m), composed of crushed granite stones and sand, with steep (up to 35°) slopes covered by turf; 17 — roadside water-divide ditches
of up to 1 m depth and up to 1.5 - 2 m width, covered by turf of forbs and grasses; 18 — young (up to 10 years) roadside windbreaks
composed of small-leaved lime and common hornbeam (Carpinus betulus); 19 — centennial (up to 300 years) two-row roadside wind-
breaks of small-leaved lime.

Ravine. Tracts: 20 — asphalt-concrete highway up to 12 m wide, on clayey-gravel-sandy embankment, 6 — 8 m high, with steep (to
35°) eroded slopes, partially covered by turf of ruderal vegetation.

Agricultural landscapes. Field. Water-divide. Tracts: 21 — levelled ploughed surfaces with dark grey loess soils under crop rotation
of grain crops; 22 — low-hill surfaces of fallow dark grey, partially covered by turf, soils; 23 — low-hill, sloping, turf-covered dark grey
soils for grazing; 24 —field roads of up to 4 — 5 m width. Ravine. Tracts: 25 — sloping (up to 10 - 12°) loess slopes of ravines with weakly
eroded dark grey loess soils under agricultural crops; 26 — sloping (8 - 10°) loess slopes of the ravine with dark grey soils, covered by
grasses and shrubs of black locust, dog rose, hawthorn (Crataegus); 27 — levelled moistened bed of the ravine with marsh vegetation
(Carex) for haymaking; 28 — sloping (6 - 8°) moistened bed of the ravine with meadow-marsh soils under forbs and Carex vegetation for
haymaking; 29 — sloping (2 - 3°) over moistened surface of the bed of the ravine overgrown with reed thickets; 30 — levelled moistened
bed of the ravine occupied by marsh vegetation; 31 — supporting (road) of the water body of 0.1 ha area, up to 1.5 m depth, partially
silted; 32 — the upper reach of nameless tributary of the Voronka River, up to 0.5 m wide, 0.3 — 0.4 m deep, silted.

Other signs: 33 — borders of the landscape complexes.
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Fig. 2. Impact of local natural conditions on the construction of the RLES in the outskirts of Yakushyntsi village

of Vinnytsia Oblast

1 — causeway, up to 1.0 m high, asphalt road is 8-10 m wide, on the water-divide; 2 — causeway within the ravine,
with length-wise fractures in the asphalt and signs of shifts; 3 — swamped water-divide in the bed of the upper reach
of the ravine, to 1.5 m deep, developed as a result of backwater caused by the road embankment; 4 — moistened
bed of the ravine with meadow soils under forbs and marshy vegetation; 5 — shifting slopes of the road embank-
ment with loess-like loams and ruderal vegetation; 6 - steep (to 25°) loess slopes of the ravine, with washed out
grey loess soils under meadow forbs; 7 — ploughed loess water-divides with grey loess soils under agricultural crop
rotations. Borders: 8 — shifted road micro-environment; 9 - tract.

most often interact with agricultural landscapes, par-
ticularly field ones. In such places, the transition from
roadside windbreak to the field is contrast, resembling
a “wall”. If such sharp outer borders of the roadside
windbreaks are not taken care of, they begin to gradu-
ally alter. A prototype of forest strip develops. Snow-
drifts on such borders increase moisture and alkalini-
zation of soil, which in turn creates better conditions
for growth of woody plants, especially shrubs. The de-
velopment of near-forest area on the outer borders of
the roadside windbreaks occurs naturally, and should
not only be supported, but also encouraged, and de-
veloped (Denysyk, 2005). This is not only a natural
transition of roadside windbreaks to other landscape
complexes. Such “transitional near-forest areas” are
the most practical and ecologically favourable part
of the windbreaks for establishing numerous modern
temporary places of recreation, various shashlik plac-
es, cafes, kiosks and even small markets and camp-
ing sites. The central part of the roadside windbreak
would well protect them against the harmful influence
of the road. Currently, all the existing objects of auto-
service are located and being built in the most polluted
inner (roadside) part of the protective plantations.
Properly created roadside green belts normalize,

and in some cases completely suspend the develop-
ment of undesired geological-geomorphological,
hydroclimatic and biogeochemical processes. At the
same time, manifestations of some undesired process-
es require additional measures to be taken. Analysis
of the condition of current roadside landscapes shows
that such measures have been mostly planned quite
professionally, but not implemented in the processes
of creation of road landscapes and their operation.
Technogenic (terrace embankments and cut slopes,
steep slopes of ditches and embankments, abandoned
quarries, etc) tracts and engineering (supporting walls,
drainage channels and tubes, bridges, etc) elements of
road landscapes are only partially, during road con-
struction, “designed” (as road constructionists say)
according to the project. They further develop ac-
cording to the local nature-roadside patterns and due
to this reason geological-geomorphological processes
are activated in some places.

In the places of active development of karst
processes or underground explorations of carbonate
rocks, which lead to activation of karst, one needs
to use the principle of partial retreat from the area of
karst development — transfer a section (area) of the
road beyond the borders of its active development
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or the borders of underground explorations. In the
future, road construction needs to take into account
the promising plans of underground explorations. As
practice suggests, supporting (with cement or other
substances, filling underground cavities, etc) and
repairing such roads is unpractical — karst continues
to develop, and new faults, subsidence may appear
after 30-40-50 years.

Similar processes are also observed while
optimizing unfavourable hydrologic processes in the
road landscapes. Measures oriented at diversion of
water and cleaning the surface runoff from the roads
and bridges, according to the projects, are constructed
simultaneously with part of a road or bridge — these
structures are retention ponds, settling-basin filters,
and drainage basins and other highly simple structures.

Conclusions

In the current structural organization of road land-
scapes of Ukraine, we should clearly distinguish three
genetically interrelated constituents: road landscape-
engineering and road landscape-technogenic (block)
and specifically road (geocomponent) systems. The
leading ones are the RLES. The indicated structural
constituents of the road landscapes are given enough
attention by environmental geographers and land-
scape scientists of Ukraine, though the nature block is
only partly taken into account . In Ukraine, this is seen
at both regional and local levels. Our research into
the impact of regional specifics of the environmental
conditions and functioning of the RLES in Podillia re-
vealed that the main environmental factors in the fur-
ther reconstruction, construction and exploitation of
the road landscape-engineering systems of the region
are broad distribution (72% of the territory of Podil-
lia) and large layers of loess rocks (up to 5-7 metres),
high differentiation of the surface of Podillia and
cloudburst pattern of atmospheric precipitations. The
impact of local environmental conditions most often
takes place due to landscape structure of the two most
dynamic types of habitat: sloped — presence of tracts
of steep slopes and ravine, and floodplain. Although
the road landscape-engineering systems are identi-
fied to the azonal anthropogenic landscape structures,
taking into account zonal factors, especially in the
process of their exploitation, is necessary. During the
development of regional projects and plans of rational
nature-use, one needs to pay attention not only to the
prevention of unfavourable processes caused by the
construction and functioning of RLES, but develop-
ment of measures of their protection as well.
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their degradation. Therefore, development of protective measures for soils against degrada-
tion processes is a relevant problem nowadays, solving which would preserve soils and improve their condition. The article evaluates
the current condition of degradation of soils in Volyn Oblast. We determined the main aspect of degradation processes, their scales
and territorial distribution. We determined that in the structure of the land fund of the Oblast, 52% is occupied by agricultural land,
indicating high level of agrarian cultivation of lands. For the last 15 years, the structure of the land fund of Volyn Oblast had undergone
insignificant changes, and the most of the area of the land remains unaltered. The area of agricultural lands has somewhat decreased,
whereas the area of forests and forest-covered territory has increased. The area of open lands with no vegetative cover has decreased
by 0.15%. Ploughed fields in the southern districts of Volyn Oblast exceed the allowable limits, accounting for over 60%. We analyzed
the dynamics of the degradation process of soils in the Oblast. We determined that the degradation of soils was to the greatest degree
caused by manifestations of erosion and deflation. Water erosion manifested in the territory of Volodymyr-Volynskyi, Ivanychi, Lo-
kachi, Horohiv, Lutsk and Kivertsi districts. Deflatable soils in the Oblast account for 258.2 thousand ha, most of which are in Kovel,
Turiisk, Rozhyshche, Stara Vyzhivka districts. Measures for improving low-productive lands, and also land conservation, are being
implemented in the Oblast. However, their scale is insufficient. We propose a complex of measures for protecting soils and preventing
their degradation.

Key words: land use, degraded soils, disturbed lands, exhausted lands, low-productive lands, protection of soils, protection of soils
against degradation processes
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Anoranisi. [TpoGiema 3HIKEHHS POIOYOCTI IPYHTIB B CBITI Ta B YKpaiHi € OAHIEI0 3 HAWTOCTPIMINX EKOJOTIYHUX MPOOIIeM.
CrnoxuBalbKUil MiAXiJ y 3eMJICKOPUCTYBaHHI IIPUBOAUTD JI0 TIOTIPIICHHS SIKICHOTO CTaHy YKpaiHChKUX IPYHTIB, 1X gerpazauii. Tomy
PO3po0OKa 3aX0/1iB OXOPOHH IPYHTIB Ta 3aXHCTY BiJl JerpajalifHUX MPOIECiB Ha ChOTO/HI € MPIOPUTETHUM 3aBIaHHIM. BupimeHHs
HOTO J103BOIHUTH 30€perTH I'PYHTH i MOIIMIIUTH iX cTaH. METOI0 CTaTTi € OLiHKA CyYacHOTO CTaHy JerpajoBaHOCTI IPYHTIB BonnHcbKo1
001acTi, TEPUTOPIaILHOTO PO3MOALTY Ta AWHAMIKH ICTPAJAIlifHUX MpOIECIB, po3po0Ka KOMIUIEKCY 3aXOiB OXOPOHH IPYHTIB Ta
3axHcTy iX Bin aerpanamii. [1ix yac nocmimkeHHs 3aCTOCOBAHO: METOAM 300py MaTepiasiB, METOAN CTaTHCTHYHOI 00pOOKHU pe3yibTa-
TiB, KapTorpadiuHi METOH, METOJ eKCIIEPTHHUX OL[HOK. BCTaHOBIICHO, 110 B CTPYKTYPi 3eMenbHOro Gouay obmacti 52% 3aiimMaroth
cibChKOTOCTIONAapChKi yrians. Lle BucOkHiI piBeHb arpapHOi OCBOEHOCTI 3eMelb. 3a OCTaHHI 15 POKIB y CTPYKTYpi 3eMEIbHOTO
(donny Bommucbkoi obnacti BinOymucs He3HauHi 3MiHu. [lnomia cinbChbKOroConapchbKUX Yrifah IEN0 3MEHIIMIIACs, HATOMICTh JEIIO0
30impIIIIIacs TIIOIIA JIiciB 1 JicoBkpuToi TepuTopii. Ha 0,15% 3meHmmacs mioma BiIKpUTHX 3eMelb 0e3 POCIMHHOTO ITOKPHBY.
Po3opanicTs B miBAeHHUX paifoHax BoanHCEKOT 00/1acTi MepeBHUIIye JOMyCTUMI MeKi i ctaHOBHUTH moHa 60%. Haii6inbmoo miporo
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Jierpaianis IpyHTiB BUKIMKaHA IPOsiBAME epo3il Ta nedusuil. BoxHa epo3ist mposBiIseThest Ha TepUTOPIi MIBASHHUX paiioHiB 00nacTi, a
JeursLis — NiBHIYHUX paifoHiB. B 001acTi HeoCcTaTHBO 3/ CHIOIOTHCS 3aX0/1H TTOJIIIICHHS MaJIOIPOyKTHBHUX YTi/Ib Ta KOHCEpBamii
3eMenb. [lepmiodeproBuMy 3axoiaMu 3arno0iraHHs Jerpafalii IPYHTIB Ta BITHOBICHHS MOPYIICHUX I'PYHTIB €: BITHOBJICHHS OOJIT,
3a00JI0YCHUX 1 MEPE3BOJIOKEHUX 3eMelb, OOMEKECHHS BUKOPHCTaHHS TOpdoBHII A 100yBaHHS TOp(dy, OOBOAHEHHS iX Ta 3aXHCT
BiJl TOpP(HOBUX TMOXKEXK, 30UIBLICHHS JIICUCTOCTI PETiOHY, CTBOPEHHS JIaHAMA()THO-aJalTHBHUX CHUCTEM 3eMJIEpOOCTBa i3 KOHTYPHO-
MEJTiOpaTHBHOIO OpTaHi3alli€l0 TEePUTOpii, EKOJIOridyHO OOIPYHTOBAaHE BHUKOPHCTAHHS OpPraHiYHUX Ta MiHEpaJbHUX J00pUB,
OTpPYyTOXIMIKaTiB, 3aCO0IB 3aXUCTy POCIIMH, BIPOBA/PKCHHS OPraHIiYHOTO 3eMJICpOOCTBA, 320XOUCHHSI 1 CTUMYJIIOBaHHS TPaJULIITHOrO
3eMJICKOPHCTYBAHHS K ()aKTOPy CTIHKOTO PO3BUTKY MICIIEBUX IPOMa/], IPOBECHHS €()EKTHBHOTO IPYHTOBOTO MOHITOPHHTY.

Kniouoei cnoea: euxopucmanms 3emens, 0e2padosani IPYHMU, HOPYWEHI 3eMil, GIONpaybo8ani 3emil, MalonpoOVKMUGHI 3eMl,

0e2padosari 3emi, OXOPOHA IPYHMIB, 3aXUcm IPYHMI6 610 0ecpadayiliHux npoyecie

Introduction

The agrarian sector is extremely important for
the development of economy of our country, its ex-
port potential and filling of the budget. Decrease in
fertility of soils, their degradation cause significant
economic losses for Ukraine. For example, accord-
ing to the research of the State Institution Soil Protec-
tion Institute of Ukraine (Derzhgruntohorona), during
this century, fertility of the soils is decreasing. This
manifests through decrease in humus content in soils.
Particularly, during the last 20 years, its losses are
assessed 0.4-0.8 T/ha, which at the level of the state
causes losses amounting to 453.4 B hryvnias (Baliuk
et al., 2010).

The main cause of decrease in the fertility of soils
is violation of the technologies of rational arable farm-
ing. The condition of soils, increase or decrease in
their fertility, depend on following the rules of using
these technologies. Most land users take no required
measures oriented at preservation of soils and increas-
ing their fertility. Organic fertilizers are introduced in
insufficient amounts — to 1 T/ha, while scientifically
substantiated requirements are 8-14 T/ha. Structure of
cultivated areas does not correspond to scientifically
substantiated requirements. Monocultures dominate.
At the same time, agricultural crops significantly ex-
haust the soil (sunflower, rapeseed, maize). The mod-
ern approach to land use in our country may be called
the consumer's approach. It causes deterioration of
the qualitative condition of Ukrainian soils, mani-
festation of various processes of their degradation.
Therefore, development of measures for protection
of soils and prevention of degradation processes is a
relevant problem of nowadays, solving which would
allow a preservation of soils as means of production
and an improvement of their condition. The aspect of
agroecological condition of soils and evaluation of
degree of their degradation is closely related to the
analysis of the contemporary ecological condition of
the territory, determining acute ecological problems,
development of local ecological programs and pro-
grammes of the development of the agrarian produc-
tion, implementation of public ecological initiatives.
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Review of previous research. There is a large
amount of scientific studies in the sphere of soil deg-
radation. Most of them focus on regional problems
of use of soils and their degradation: decrease of the
area of agricultural lands and degradation of soils in
Sri Lanka (Nayakekorale, 2020), impact of intensity
of degradation of loess and parameters of functioning
of soils in North Iran (Kooch et al., 2020), erosion
of soils in Russia (Tsymbarovich et al., 2020), evalu-
ation of degradation of lands in Argentina (Garcia
et al., 2018), degradation of soils in South Africa
(Maltitz et al., 2019), experimental measures against
degradation of lands in Germany (Wunder et al.,
2019). Many studies focused on soil-science aspects:
changes in fractions of organic compound and struc-
tural resistance of the soil as a result of degradation
and restoration of soils (Jensen et al., 2020), ability of
soils to function and provide ecosystem services (Fine
et al., 2017), study of dynamics of soil-active organic
carbon of Gahai Wetland in north-west China (Wu et
al., 2020). A generalizing pattern was determined in
the works by the International Collective of Scientists
(Nunez-Delgado et al., 2020), and also articles about
implementation of the concept of neutral degradation
of lands (Akhtar-Schuster et al., 2017), minimization
of erosion of organic carbon (Chappell et al., 2019)
and many others.

In Ukraine, degradation of soils and develop-
ment of measures for its reduction were analyzed in
numerous scientific works: ecological condition of
soils in Ukraine was evaluated in the article (Baliuk et
al., 2014) and national reports about the condition of
fertility of soils in Ukraine (Baliuk et al., 2010), sci-
entific and practical basics of protection soils against
erosion in Ukraine (Baliuk et al., 2010), the condi-
tion of soils and peatlands of Ukraine (Truskaveckyj
et al., 2010), the main directions of solving problems
of degradation and desertification of lands in Ukraine
(Movchan, 2017), measures of decreasing the degra-
dation of lands by revitalizing them (Budzjak, 2014)
and many others.

In the scientific literature, the aspects of evaluat-
ing the condition of extent of degradation of soils in
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Volyn Oblast are described quite well. Nonetheless,
the condition of soils intensely changes over time, and
therefore needs timely monitoring. The first and the
most important scientific work in the sphere of study-
ing ecological condition of soils in Volyn Oblast is
the monograph (Molchak et al., 1998). Soils in Vo-
lyn Oblast, and also partially their current condition
and peculiarities of anthropogenic transformation,
were analyzed in the monograph (Shevchuk et al.,
1999). Deflation processes in soils of Volyn Oblast
were studied (Polanskyj, 2015). Impact of drainage
reclamation on soils of Volyn Oblast was analyzed in
the monograph (Zuzuk et al., 2012). Among the re-
cent studies reporting issues of degradation of soils in
Volyn Oblast and measures for its decrease, there is a
collective monograph of scientists of the Department
of Physical Geography of Lesya Ukrainka Volyn Na-
tional University (Fesyuk et al., 2016).

The objective of the article

The objectives of the article were evaluation of
degradation extent of soils in Volyn Oblast, territorial
distribution and dynamics of degradation processes,
development of a complex of measures for protection
of soils and their protection against degradation.

Materials and methods of research. To prepare
the article, we used the materials of Polesia Rese-
arch Station of the Institute for Soil Science and
Agrochemistry Research named after O.N. Sokolov-
sky, Volyn Oblast State Project-Technological Cen-
ter of Protection of Fertility of Soils and Quality
of Production, the Main Management of State
GeoCadastre in Volyn Oblast, and also materials of
our own studies. During the research, we used a broad
arsenal of methods of scientific research: methods
of collecting materials (work with fund materials,
reconnaissance, expedition method), methods of
statistical analysis of the results, cartographic methods
(development of analytical maps, work with electronic
cartographic services), methods of expert assessments
(for development of measures for protection of soils
and protecting them against degradation processes).

Results and their analysis

The land fund of the Oblast as of 2019 accounted
for 2,014.4 thousand ha, including 1,047.6 thousand
ha or 52% comprising agricultural lands, which indi-
cates the high level of cultivation of lands. Over the
past 15 years, the structure of the land fund of Volyn
Oblast has undergone insignificant changes, while the
total area of the lands remained the same. The area of
agricultural lands somewhat decreased, whereas the
area of forests and forest-covered territory slightly in-
creased. A decrease measuring 0.15% occurred in the

area of open lands without vegetative cover, which
is a positive point from the ecological perspective.
Practically unchanged also remained the area of wa-
terlogged lands and aquatic objects.

Two types of landscapes may be distinguished in
the structure of natural complexes of the territory of
Volyn Oblast, field and forest-steppe types. Use of
lands of the region is to a large extent due to soil-cli-
matic conditions that are favourable for agriculture. In
the structure of agricultural lands of Volyn Oblast, the
leading role is played by tilled lands (tilling). Their
share in the structure of the Land Fund is greatest in
southern forest-steppe districts. The greatest share
of agricultural lands is concentrated in the southern
part of the Oblast and is associated with lowland ter-
rain, distribution of podzolized and chernozem soils,
sufficient amount of heat and moisture. Podzolized
soils dominate in the forest-steppe part of the Oblast.
Among them, the following are distinguished : bright
grey and grey podzolized; dark grey podzolized; pod-
zolized chernozems (Shevchuk et al., 1999).

In the territory of the Oblast, for a long time,
there agriculture has been actively developing. The
ploughed area in the southern districts of Volyn
Oblasy is above the allowable limits, equaling over
60% (Fig. 1): Horohiv (67%), Lokachi (61%), Lutsk
(65%), Ivanychi (60%). The lowest degree of agrarian
cultivation is in the northern districts of the Oblast,
where the share of ploughed lands in their structure
accounts for no more than 20%. When analyzing
agricultural use of lands, it is important to evaluate
the shares and location of the main constituents of
agricultural lands, such as ploughing, multi-year
planting, hay fields and pastures. Their area within
the Oblast is divided unequally. The greatest share
in ploughing was observed in the southern districts,
and smaller in the northern districts, the area there has
more pastures, hay fields, and also a significant share
of lands is occupied by self-sown forests.

The tudy (Fesyuk etal., 2016) determined integral
ecological stability of the soils in Volyn Oblast. Soils
with high stability comprise 819.84 km? (4.05%).
Those are mainly deep chernozem and shallow low-
humus soils, characterized by comparatively high
content of humus, heavy granulometric composition,
neutral reaction of soil solution, which occur exclu-
sively in the forest-steppe part of the Oblast. Stable
soils are distributed over an area of 743.04 km? (3.6%
of the territory of the Oblast). There are meadow-
marshy soils, which are distributed in the territory as
small plots. Turf carbonate, grey, dark grey podzol-
ized soils were evaluated as averagely stable, distrib-
uted mostly in the transitional and forest-steppe zones
of the Oblast in the area of 2,001.92 km? (9.81 %).
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Fig. 1. Ploughing of the administrative units in Volyn Oblast (Fesyuk et al., 2016)

The least stable soils are low-humus, poorly satu-
rated and acidic soils of the Polesia: turfy-podzolized,
sandy, loamy sandy and clayey-sandy, and also peat-
marshy and peatland types. They comprise large areas,
accounting for 14,768.00 km? (73.1% of the territory
of the Oblast). Also unstable were sandy and clayey-
sandy types of turfy-podzolized gley soils. They are
approximately distributed over an area of 1,955.84
km? (9.5% of the territory of the Oblast).

Active and ecologically irrational use, coupled
with low integral ecological stability of soils within
the Oblast, lead to degradation processes.

Degradation of soils is deterioration of beneficial
properties and fertility of soil as a result of impact of
environmental or anthropogenic factors (Molchak et
al., 1998).

The main types of soil degradation are (Bridges,
etal., 1979):

- physical degradation (over-compaction, de-seg-
regation, compressor erosion, etc);

- erosion (soil dislodging, washout, alluviation)
and deflation;

- waterlogging, groundwater flooding , flooding;

- exhaustion (de-humification, acidification, al-
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kalinization, trophic impoverishment, secondary sa-
linization, sodification);

- contamination with heavy metals, pesticides,
oil products, other organic and biological pollutants,
radionuclides.

As for over-densification, according to the mate-
rials (Baliuk et al., 2010), there is a slight threat of over-
compaction to soils of the Polesia part of the Oblast,
which may be explained by lower intensity of use and
light mechanical composition. Soils of the southern
(forest-steppe) part of the Oblast were observed to be
under moderate and high threats of over-compaction.

An unfavourable situation is also observed for
the content of humus in the soils of Volyn Olast. Over
the recent decades, there a tendency has been ob-
served toward decrease in humus content in soils, ex-
plained by both natural processes (first of all, erosion-
deflation) and compression of humus in the process
of intense agricultural activities. According to the ma-
terials of the National Report on the condition of soil
fertility (Baliuk et al., 2010), for the recent 40 years,
average annual losses of humus in Polesia accounted
for 0.1-0.2 T/ha, in the forest-steppe — 0.8-1.0 T/ha, in
the steppe — 0.4-0.5 T/ha. Average content of humus
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Fig. 2. Dynamics of the area of disturbed, exhausted and recultivated lands in Volyn Oblast, thous ha (according to the materials

of the Main Management of State Cadaster in Volyn Oblast)

in soils of the Oblast equals 1.56%. This places Volyn
on the bottom rank for humus content in our country.
According to the research (Baliuk et al., 2010), Volyn
Oblast is the only Oblast in the gradation of the lowest
level of humus (less than 2%).

According to the materials of the National Report
on the condition of soil fertility, by acidity, the soils
of the greater part of Volyn Oblast are in the gradation
of pH =4.5-5.5, i.e. acidic soils (Baliuk et al., 2010).

An important indicator that characterizes the ter-
ritory from the ecological perspective is presence of
open areas without vegetative cover, including gul-
lies, rocky places and sands. Based on multitemporal
analysis of the structure of land use, certain specif-
ics were determined: within the Polesia part of Volyn
Oblast, there prevail territories that have been pre-
served in their natural condition, particularly forests
and forest-covered territories, meadows and pastures;
in southern forest-steppe districts, there dominate an-
thropogenically altered lands — lands of agricultural
allocation. The greatest share of open lands with no
vegetative cover (over 1%) is in Volodymyr-Volyn-
skyi and Kamin-Kashyr districts.

Soil degradation in Volyn Oblast was to the high-
est degree caused by manifestations of erosion and
deflation. The territory with manifestations of water
erosion comprises Volodymyr-Volynskyi, Ivanychi,
Lokachi, Horohiv, Lutsk and Kivertsi districts. The
amount of eroded agricultural lands in each district
by 1991 has greatly increased since 1968. For exam-
ple, it was 14.8 against 7.3 thousand ha in Volody-
myr-Volynskyi, 13.8 against 4.4 thous ha in Ivanychi,
21.5 against 9.9 thous ha in Lokachi, 42.2 against
21.8 thous ha in Horohiv, 32.8 against 21.4 thous ha
in Lutsk, and 10.2 against 7.1 thous ha in Kivertsi.
The percentage of eroded soils of the total area of ar-
able land within Volyn Oblast varies. Therefore, par-
tially, in Volodymyr-Volynskyi and Lokachi districts,
it ranges 11-30 %, in Ivanychi and, partially, Horohiv

— 1-10 %, and ultimately, partially, Horohiv, Lutsk
and Kivertsi — 31-50% (Fesyuk et al., 2016).

Annually, 5 T of soil is dislodged from 1 ha in the
Polesia zone, 15-20 T/ha in Volodymyr-Volynskyi,
Ivanuchi, and Kivertsi districts, and 30-40 T/ha in Lo-
kachi, Lutsk and Horohiv districts (Shevchuk et al.,
1999).

Deflatable soils in the Oblast accounted for 258.2
thous ha, including 33.2 thous ha in Kovel district,
27.7 thou ha in Turiisk, 21.9 thou ha in Rozhyshche,
20.1 thous ha in Stara Vyzhivka, 19.9 thou ha in
Liuboml, 19.4 thous ha in Ratne, 19.2 thous ha in
Kamin-Kashyrskyi, 16.5 thous ha in Manevychi, 17.0
thous ha in Liubeshiv, 16.4 thous ha in Volodymyr-
Volynskyi, 4.6 thous ha in Ivanychi, 6.7 thous ha in
Lutsk, 7.2 thous ha in Horohiv and 7.8 thous ha in
Lokachi district (Polanskyj, 2015).

Since then, the situation has obviously changed.
No monitoring of eroded and deflated lands is
currently being performed in the Oblast. Statistical
reports about the condition of lands contain terms
such as disturbed, exhausted, low-productive and
degraded lands.

As of 2019, there were 5,846.51 hectares of dis-
turbed lands in Volyn Oblast (Fig. 2). The greatest
areas are in Horohic district — 20% of the overall pa-
rameter for the Oblast, Kovel — 18%, Turiisk — 12%,
Manevychi — 9%, Stara Vyzhivka — 8%, Kamin-
Kashyrskyi and Ivanychi — 7% in each. Reasons for
disturbance of the lands are different (Rehionalna
dopovid, 2019).

It would also be interesting to compare the areas
of degrading soils in the Oblast in 1996 and 2019 in
terms of administrative districts. According to the ma-
terials of the Main Management of the State Cadaster
in Volyn Oblast, in 2019, compared with 1996, the
area of the degraded soils (including eroded and de-
flated) in Volyn Oblast decreased 376-fold (116 thou
ha to 308 ha). Areas of degraded soils decreased the
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most in Horohiv district — 1,356 times (40,570 ha in
1996 and 29.9 ha in 2019) and Lutsk district — 1,335
times (24,030 ha in 1996 and 18 ha in 2019 ). In other
districts, the decrease equaled 37-357 times. Such dif-
ference between the areas is obviously due not to the
successes of recultivating and ameliorative measures,
but rather the fact that the reports about the condition
of land resources stopped reflecting degraded (mostly
eroded) soils. In order to evaluate the structure of dis-
turbed and degraded soils, it is necessary to perform
scientific research on soil, assessing the degree of soil
dislodgement or deflation of soils, etc. Such studies in
the Oblast have not been carried out since 1996. Un-
til then, there was a program of monitoring degraded
soils, measures of which have been implemented by
the Volyn Institute of Land Management and Oblast
Soil Fertility.

The level of waterlogging of soils in Volyn is one
of the highest across our country. Therefore, in partic-
ular, 41.9% of the territory of the Oblast is occupied
by marshes, waterlogged and overwet lands (Table 1).

Within the Oblast, there are large amounts of peat
(Fig. 3). Therefore, those engaged in agriculture have
an interest in its extraction. There is an especially
strong interest in industrial peat and production of
peat-bricks, which is increasing due to the necessity of
diversification of use of energy sources and maximum
replacement of gas in the structure of the oil-energy
balance.

The consequences of peat extraction and drain-
age reclamation are the reasons for the emergence of
peat fires, which have a catastrophic impact in Vo-
lyn Oblast. The main cause of the fires is burning of
dry areas in pastures and hay fields against the back-
ground of decrease in the level of groundwater and
dry climate over the recent years. The mass media
and social network have started an active campaign
against burning dry grass and leaves, which unfortu-
nately is not that effective so far.

Over the period of 2015-19, the State Emergency
Service of Ukraine in Volyn Oblast recorded 219 cases
of peat fires. A total area of 280.43 ha has been burnt .
The largest areas of burned peat lands were observed

Table 1. Specific weight of waterlogged lands and land in the marshland fund (Zinchuk et al., 2019)

Total area, thous ha Area of the marshland fund, thous ha
) including marshes, includ- | ]
lands in total . including
. overwet lands ing . % of
Region : ; ; ; : % overall drained

in total | in agri- n in drained use

culture | total | agriculture | waterlogged net

gross
Polisia 1,450.3 726.3 786.3 635.3 46.3 675.9 396.1 379.2 58
Overall in 2,0144 | 1,058.7 | 845.2 690.8 41.9 731.8 435.0 416.6 59
the Oblast

Also, within the Oblast, 191 ameliorative sys-
tems operate. The area of dried lands equals 416.6
thou ha (Table 2). The area of ameliorative agricul-
tural lands is 346.7 thous ha. Ceramic drainage pipes
dry 236.6 thou ha. The area of polder system is 47.9
thou ha. Length of the open network of the canals
equals 18.5 thous km (inter-agricultural — 4.6 thous
km and intra-agricultural — 13.9 thous km) (Zuzuk et
al., 2012).

The main problems of dried territories are: over-
drying of sites, pyrogenic formations (burning out
of peatlands), secondary waterlogging, karst devel-
opment, emission of CO,, erosion, overgrowing and
siltification of ameliorative channels, ploughing of
soils immediately adjacent to the canals (Shevchuk et
al., 1999).

Another anthropogenic factor of disturbance and
degradation of soils in Volyn Oblast is peat extraction.
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in Kamin-Kashyrskyi — 137.9 ha (49.17% of the over-
all parameter for the Oblast), Liubeshiv — 26.72 ha
(9.53%), Manevychi — 20.35 ha (7.26%), Rozhyshche
—16.22 ha (5.78%), Stara Vyzhivka — 19.7 ha (7%),
Kovel — 12.47 ha (4.45%), Shatsk — 11.9 ha (4.24%),

Table 2. Drained lands in Volyn Oblast and their distribution (ha) (Zuzuk
etal., 2012)

Of net area
. Overall
Region
area , net . peat-marshy
mineral -
soils Area with
Bceroro depth of
overall peat over
I m
Polisia 374.648 262.426 112.222 22.033
In total
across the | 416,541 291.501 125.040 24.463
Oblast
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Fig. 3. Peat reserves in districts of Volyn Oblast (Rehionalna dopovid, 2019)

Volodymyr-Volynskyi — 9.67 ha (3.45%), Liuboml —
6.74 ha (2.4%), Ratne — 10.71 ha (3.82%), and other
districts — less than 1% (Fesyk et al., 2020).

Peat fires are becoming a significant ecological
problem that threatens not only the ecological condi-
tion of soils but also safety of life of the population.
Pyrogenic formations occupy large areas, worsening
conditions for agriculture, sometimes posing a threat
to territories and objects of the nature reserve fund.
Climatic tendencies of the recent years lead to in-
crease in the number of peat fires and their negative
consequences, including destruction of fertile soils,
decrease in biodiversity, degradation of landscapes,
deterioration of the health of the population, impair-
ment of the carbon cycle and decrease in emission of
greenhouse gases. Therefore, it is necessary to pre-
vent peat fires and reduce their negative impacts in
the future, as well as to use, restore and recultivate
burned peatlands.

Prevention of peat fires requires bilateral regula-
tion of the water regime within the ameliorative sys-
tem, alkalinization of peat soils, increasing their fer-
tility, sanding of dried peat soils. Also, it is important
to carry out such measures as monitoring of burned
peatlands and prevention of ignitions in the natural
ecosystems.

For the purpose of further use, restoration and
recultivation of burned peatlands, it is important to
make a timely inventory-check the burned peatlands,
assess economic and ecological damage, develop a
plan of further use of the territory, determine the pri-
orities of development and propose agricultural and
nature-protection measures (Fesyuk et al., 2020).

Peat extraction damages soils and requires their
recultivation. No such recultivation is taking place in
the Oblast (Fig. 4).

Nonetheless, measures for improvement of low-
productive lands in Volyn Oblast are being imple-
mented. Those measures are called ameliorative and
include hydrotechnical, biological, forest, agrotech-
nical, chemical amelioration. As of 2019, the lead-
ing lands according to improved areas are (Fig. 5):
Turiisk district — 18% of the overall parameter for the
Oblast, Kamin-Kashyrskyi — 10%, Liuboml, Stara
Vyzhivka — 9% in each, Lokachi — 8%, Lutsk — 7%,
Manevychi, Ratne district — 6% in each (Rehionalna
dopovid, 2019).

At the same time, the extent of soil improve-
ments do not satisfy the existing need . Therefore, the
area of the lands that need improvement in the ad-
ministrative districts of Volyn Oblast is much larger
than the areas where the ameliorative land improve-
ment has been made (Fig. 5). The largest areas of the
lands that need to be improved are in the following
districts: Turiisk (3,170 ha, 33% of the overall area in
the Oblast), Ratne (2,801 ha, 30% of the overall area
in the Oblast), Kamin-Kashyrskyi (2,030 ha, 21% of
the overall area in the Oblast). Together with Lutsk
district (541 ha, 6% of the overall area in the Oblast),
these districts make up 90% of the area of the lands
that need improvement. Unfortunately, statistical re-
ports on the condition of lands made by the Service
for the State Cadaster in Volyn Oblast describe no
structure of causes of deterioration of the lands, dis-
turbed lands and measures for their improvement.

Therefore, in the conditions of extensive agricul-
tural land use, agrochemical and agrophysical or agri-
cultural degradation of soils take place. Agrochemical
degradation is characteristic of acidification of soil,
decrease in phosphorus, potassium, and humus. Stud-
ies of agrochemical condition of soils, performed in
the Oblast, allow monitoring of the contents of those
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Fig. 4. Areas of disturbed lands in administrative districts of Volyn Oblast as of 2019 (according to the materials of the Main
Management of State Cadaster in Volyn Oblast)

elements of fertility. Because the soil cover in the property, transformation of the fertility parameters
Oblast has been developed mostly by low-humus may occur in short periods. Agricultural degradation
soils of light granulometric composition, which de- leads to deterioration in the composition of soil layer,
termined their low capacity of absorption and buffer deterioration of water-air regime, physical conditions

Fig. 5. Improvement of low-productive lands in Volyn Oblast as 0of 2019 (according
to the materials of the Main Management of State Cadaster in Volyn Oblast)
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Table 3. Summarised data on conservation of lands in Volyn Oblast as of 2019 (according to the materials of the Main Management

of the State Cadaster in Volyn Oblast)

Lands taken 1.m- Lands that need Including
Ne o o der conservation conservation Those in pri- | In state owner- Degraded
Administrative district since 2002 vate ownership ship lands

1 Volodymyr-Volynskyi 88.14 544.60 0.00 544.60 307.85
2 Horohiv 104.8 132.52 0 132.52 29.9
3 Ivanychi 106.9 287.26 90.76 196.5 28.1
4 Kamin-Kashyrskyi 88.45 380.7 0 380.7 0
5 Kivertsi 316.32 511.9 0 511.9 57.4
6 Kovel 284.1 1,146.52 0 1,146.52 0
7 Lokachi 108.932 630 0 630 170
8 Lutsk 334.05 356.4 0 356.4 18
9 Liubeshiv 108.4 101.15 0 101.15 18
10 Liuboml 161.3 435.1 0 435.1
11 Manevychi 191.2 486.2 264.9 221.3
12 Ratne 89.5 291.2 0 291.2
13 Rozhyshche 179.3 244 0 244 16
14 Stara Vyzhivka 42 277.8 0 277.8 0
15 Turiisk 399.01 857.43 24 855.03 0
16 Shatsk 10 356.9 142 214.9 142

In the Oblast 2,612.402 7,039.6807 500.06 6,539.603 787.25

of existing of soil biota and plants. All of this leads to
erosive processes.

Agroecological monitoring of soils in Volyn
Oblast was conducted by the Volyn Office of State
Institution Soils Protection Institute of Ukraine (Der-
zhgruntohorona), State Institution Volyn Oblast Lab-
oratory Center of Ministry of Healthcare of Ukraine
and State Ecological Inspection in Volyn Oblast. Den-
sity of ¥’Cs contamination in the agricultural lands is
within 1 Ci/km?, content of *°Sr — up to 0.02 Ci/km?.
In the territory of the Oblast, during 2019, 411 sam-
ples of soil were collected for the monitoring of con-
tamination of agricultural lands with residual amounts
of stable starch-organic pesticides (DDT, HCH and
2,4-D). Out of 131 analyzed samples, no excess of
TLV according to the residual content of DDT was
found. Maximum content equaled 0.0027 mg/kg at
the threshold limit value of 0.1 mg/kg. As for DDT

preparation, there remains a general tendency toward
decrease in the level of contamination of soils and de-
crease in the amount of excesses in limit threshold val-
ues. According to the content of HCH (total amount
of isomers), out of 98 analyzed samples, no excesses
of limit threshold values were found. Maximum con-
tent was 0.001 mg/kg at TLV of 0.1 mg/kg. Regarding
HCH, no changes in detection of isomers were found
over the recent years. No contamination of soils with
2,4-D (amine salt) was recorded during 2019. Content
of each preparation in soils for the recent years have
rapidly decreased (Rehionalna dopovid, 2019).

Conclusions

Analysis of geographic distribution of the main
types of soils in Volyn Oblast reveals that a threat
of physical degradation (over-compaction, de-
segregation, compressor erosion, etc) is insignificant.

Fig. 6. Complex of measures for protection of soils in Volyn Oblast and protection of them against degradation
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The reasons for this are light mechanical composition
of soils in the most part of the Oblast, and also
improvement of soil-processing machines, which are
having less impact on soils.

Other types of soil degradation are manifested to
a lesser extent. Therefore, it is necessary to develop
a complex of measures of protection of soils and
their protection against degradation processes. The
protection should include the following groups of
measures (Fig. 6).

The priority measures of preventing degradation
of soils and restoration of disturbed soils are:

- restoration of marshes, waterlogged and
overwet lands in order to preserve biodiversity, reduce
the effects of climate change, increase moisture in
the territory, improve the hydrologic regime of the
surface waters and their quality;

- limiting the use of peatlands for extraction of
peat, flooding and protection against peat fires;

- increasing the extent of forest areas in the
region in order to improve the moisture balance in the
territories, prevent the development of degradation
processes in soils (erosion, deflation), increasing the
efficiency of protection of forests against fires and
pests;

- creating a landscape-adaptive system of arable
farming with contour-ameliorative organization of the
territory in the districts of developed water erosion
and stimulating traditional horticulture as a factor of
sustainable development of local communities;

- ecologically substantiating the use of organic
and mineral fertilizers, poisonous chemicals,
preparations for protecting plants;

- implementing organic farming so as to
improve food safety, protect soils against chemical
contamination;

- conducting soil monitoring, including not only
agrochemical monitoring, but also monitoring of the
condition of soils, especially degraded soils.
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forecast, is of great scientific and practical importance. In last decades, the decreasing
phase of cyclical fluctuations of the maximum runoff of spring floods has been observed on the plain rivers of Ukraine, including
the Southern Bug River. In addition, there is an increase in air temperature. So, the actual task is the determine the modern probable
maximum discharges estimates of spring floods in the Southern Buh River Basin as well as their comparison with the estimates that
were computed earlier. It gives an opportunity to reveal possible changes of the statistical characteristics and values of the probable
maximum discharges, to analyze and to discuss the reasons for these changes. For the investigation, we used the time series of the
maximum discharges of spring floods for 21 gauging stations in the Southern Buh River Basin since the beginning of the observations
and till 2015. The method of the regression on the variable that is based on the data of analogues rivers was used to bringing up the
duration of the time series and restoration of the gaps. In the study, the hydro-genetic methods for estimation of the homogeneity
and stationarity of hydrological series, namely the mass curve, the residual mass curve and the combined graphs. The distributions
of Kritskyi & Menkel and Pearson type III for the frequency analysis were used. It has been shown in this study that the maximum
discharges of spring floods of time series are quasi-homogeneous and quasi-stationary. It is explained the presence in the observation
series of only increasing and decreasing phases of cyclical fluctuations, their considerable duration, as well as the significant variability
of the maximal flow. The series of maximal runoff of spring floods are very asymmetric, which significantly complicates the selection
of analytical distribution curves. The updated current parameters of the maximal spring flood runoff have not changed significantly. It
can be assumed that such characteristics have already become stable over time, as the series of maximal runoff of spring floods already
have phases of increasing and decreasing of long-term cyclic fluctuations.

Keywords: spring floods, stationarity, homogeneity, frequency analyses, cyclical fluctuations

AHaJli3 HMOBIPHICHMX XapaKTepUCTHK BeCHAHHUX NaBoAKiB y Oaceiini piuku IliBnennnii byr,
Ykpaina

J1.O.I'opbauora, B.C. [Ipuxonpkina, b.®. Xpucriok

Ykpaiucovrui ciopomemeoponoeiunui incmumym JCHC Yxpainu ma HAH Yxpainu, Kuis, Ykpaiua,
gorbachova@uhmi.org.ua

AHoTauisi. Y CBIiTI BeCHsHI NOBEHI Ha piukax — OAHE 3 HaliHeOe3NmeyHIMMX cTUXiifHuX ABuml. I1lopiyHO BECHSAHI MOBEHI 3aBIAIOTH
3HAYHUX MaTepiaibHUX 30UTKIB y Pi3HUX KpaiHaX CBIiTY, y TOMY YHCII, i B YKpaiHi. BaxxiuBe HayKoBe i MpakTH4HE 3HAYCHHS Mae
3HAHHS TEHJICHI[IH TaKWX ITOBEHEH, a TaKOXK IXHIH IMOBIpHICHHI NIPOTHO3. B ocTaHHI AecATWIITTS Ha PIBHUHHMX piukax YKpaiHu, 10
SKHAX BiTHOCHTHCS 1 piuka [liBnennnit byr, criocrepiraerbest ManoBoHa (a3za MUKITIYHAX KOJIMBAHb MAKCHMAJIBHOTO CTOKY BECHSHOI
noBeHi. OKpiM TOro, CHOCTEPIraeThCs MiABUILICHHS TeMIleparypy MoBiTps. OTKe, aKTyallbHUM 3aBIAHHAM € BU3HAYCHHS Cy4acHHX
HMOBIPHUX XapaKTEPUCTUK MaKCHMAalbHUX BHTPAT BECHAHOI MoBeHi B OaceifHi piuku [liBnenHwii byr, a Takox iXHE MOPIBHSHHS 3
oliHKaMH, siKi Oy;a0 po3paxoBaHo pauiiie. Ile 103BOMMTH BUSBUTU MOXJIMBI 3MIHH CTATHCTHYHHMX XapaKTEPUCTHK MAaKCHMAaJIbHHX
BUTPAT BECHSIHOI MOBEHI, IIPOaHaIi3yBaTH Ta OOTOBOPUTH IPHYMHU IUX 3MiH. J{JIs JOCIIKEHHSI BUKOPHCTAHO PSIIU CIIOCTEPEIKEHD
MaKCHMaJIBHAX BUTPAT BECHSHOI moBeHi /it 21 rigposoriynoro nmocra B Oaceiini piuku IliBnenunit byr 3 mouarky crocrepexeHb
no 2015 p. Jlns orpumaHHs OUIBII TOCTOBIPHUX OLIHOK PAIM CHOCTEPEKCHb OylIO IPHBEICHO 10 OararopidHOro Iepiody Ta 1o
MOITHBOCT] BiZTHOBJICHO IPOITYCKH METOJOM MapHOi perpecii. /s OIIHKH OJHOPIAHOCTI 1 CTAalliOHAPHOCTI PSIiB CIIOCTEPEKEHB
BUKOPHCTAHO T1APOJIOr0O-TeHETUYHI METO/IM, & cCaMe CyMapHy Ta IHTerpajibHy KPUBY BiAXHIICHb, CyMillleHI XpOHOIOTi4HI Tpadiku. s
arpoKCcUMaIlil eMIipUYHUX TOYOK BUKOpHCTaHO po3nozain Kpuibkoro-Menkerns Ta posmnozin I Tuny Ilipcona. YV nocmimkeHHi moka-
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3aHO, IO PSAN MAKCHMAJIbHUX BUTPAT BOJH BECHSHOI IIOBEHI € KBa3iOAHOPIIHUMH Ta KBa3iCTAI[lOHAPHIMH, OCKIJIBKH MalOTh TLTBKH
HesaBepuieHi (a3 (migifoMmy Ta crasy) JOBrOTPUBAINX IUKIIYHAX KOJIMBaHb. PsM MAKCHMaJIbHOTO CTOKY BECHSHOI IOBEHI € JyKe
ACHMETPUYHUMH, 1[0 CYTTEBO YCKIIAJHIOE MTOOYI0BY aHATITHYHUX KPUBHUX PO3MOALTY. YTOYHEH] CydacHi mapaMeTpr MaKCHMaJIbHOTO
CTOKY BECHSHOI ITOBEHI CyTTE€BO HE 3MIHWJIMCh. MOXKHA NPUITYCTUTH, IO TAKi XapaKTEPUCTHKH BXKE CTANU CTaOIIBHUMHU 3 HacoM,
OCKIJIBKH PSIIN CIIOCTEPEKeHb MAtOTh (Da3y 301IbIICHHS 1 3MEHIIICHHST IOBTOCTPOKOBUX LIUKJIIYHUX KOJIUBAHb.

Knrouosi cnosa: éecnsina noginb, cmayioHapHicms, 0OHOPIOHICMb, UMOBIPHICTb, YUKIIUHI KOTUGAHHS

Introduction

In the world, the extreme floods on the rivers
cause considerable and prolonged flooding of the
densely populated territories, which cause to damage
a myriad of infrastructures such as buildings, roads,
bridges, and barrages and sometimes also losses of
human lives. The extreme floods are among the cost-
liest natural hazards (Doe, 2006; Razmi et al., 2017;
Bloschl et al., 2019). Since the natural disaster as ex-
treme floods is the basis for planning and design of
various hydraulic structures, hydrological forecast-
ing, flood risk reflection characteristics such as trends
of extreme floods and its changes, and its formation
conditions, the probable maximal flood and its char-
acteristics have a great practical importance. The de-
termining of the probable maximal flood is the prac-
tical importance, especially for the planning, design,
and operation of hydrotechnical structures (Apel et
al., 2004; Bloschl et al., 2013; Okoli et al., 2019).

During the 20" century, many scientists
developed the methodological approaches to
the definition of flood estimates, which remain
relevant today. Therefore, the statistical approaches,
hydrometeorological methods, empirical formulas,
different regionalization methods are usually used to
flood estimates (Bldschl et al., 2013; Saghafian, 2014;
Odry and Amaud, 2017). At the same time, such
research may have the related difficulties due to low
precision of extreme flood discharge measurements
and estimates, using comparatively short time series
of observed flood data, limited data availability, as
well as temporal variation in the data series due to
variability in climate and to environmental changes,
etc. Hence, the important task is obtaining reliable
flood estimates. This can be achieved by using
appropriate methodological approaches (McKerchar
and Macky, 2001; Kjeldsen, 2015; Okoli et al., 2019).

In Ukraine, on the plain rivers the dangerous
floods are observed during the spring period (Gre-
bin, 2010; Gorbachova, 2015; Shakirzanova, 2015;
Khrystyuk et al., 2017). In this paper, the spring flood
estimates was carried out for the Southern Buh River
Basin. The research for this river is actual because
the river has significant importance for hydro-energy
sector and agriculture. Thus, Southern Buh River Ba-
sin has 6929 ponds and 200 water reservoirs (Pala-
marchuk and Zakorchevna, 2006). In the different

years, these reservoirs can accumulate from 20 to
70% of the local flow. Water river is widely used for
irrigation, especially in drought years (Vyshnevskyi,
2000). The frequency approach is widely used for
flood estimates in Ukraine. Typically, the statistic es-
timates are the updated every 5 years. This approach
allows the use of modern data and, accordingly, to re-
ceive more reliable and accurate flood estimates.

The aim of this study is to determine the mod-
ern probable maximal discharges estimates of spring
floods in the Southern Buh River Basin as well as
their comparison with the estimates that were com-
puted earlier. It gives an opportunity to reveal pos-
sible changes of the statistical characteristics and val-
ues of the probable maximal discharges, to analyze
and to discuss the reasons for these changes.

The tasks of the research include:

— the use of the method of linear regression for
the restoration of the data of observations in different
years;

— the investigation of the homogeneity and
stationarity of the observation series on based the
graphical methods;

— the determination of 1% maximum discharges
of spring flood of the rivers.

Materials and Methods

Southern Buh River is the second-longest river
after the Dnipro River in Ukraine. It is the longest
river that flowing exclusively through the territory
of Ukraine — its length is 806 km. The basin river is
on the Volyn-Podillia and Dnipro Uplands, as well
as in the Black Sea lowland for the lower part of the
basin. Its crosses three natural zones: forest, forest-
steppe, and steppe. Catchment covers 10.6% of the
territory of Ukraine. Southern Buh River Basin has
the pear-shaped form: at the top part it is narrowed;
in the middle and lower parts the basin is sharply
asymmetrical (Fig. 1). Southern Buh River is plain
river, because the average height of its catchment
in the upper part is 300-320 m, in the lower part is
5-20 m, the average slope of water surface is 0.40%
(Kaganer, 1969).

The atmosphere circulation is carrying out an im-
portant role for the formation of the basin climate. It is
associated with the movement of an air masses from
the Atlantic, Arctic, and Mediterranecan. Moderate
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continental climate is typical for the river basin. Pre-
cipitation gradually decreases from the source to the
mouth of the river. (Bauzha and Gorbachova, 2017).
The summer rains (except for the strong) do not form
a surface runoff at some catchments of steppe zone
due to the intensive infiltration of rainwater into the
soil and significant evaporation from river catchment.
Furthermore, such rivers almost do not have an un-
derground supply and in the summer-autumn period
it dries up. In winter period, such rivers are usually
frozen (Gorbachova and Khrystyuk, 2018). South-
ern Buh River basin is characterized by a clearly
pronounced spring flood, during which it is forming
from 35 to 60% of annual streamflow (Shakirzanova,
2015).

The Southern Buh Basin has extremely high an-
thropogenic loads. Hence, more than 8§ 000 artificial
reservoirs were created in the basin, their total vol-
ume is close to 1.5 km?, which is almost equal to the
runoff in the dry year of probability 95%. Its water
is widely used for hydro-energy sector, industrial and
municipal water supply, agriculture, irrigation, ship-
ping, tourism, etc. (Bauzha and Gorbachova, 2017).

In this study we used the series of observations
of 21 gauging stations of the Southern Buh River Ba-
sin (Fig. 1). The catchment areas are changing in the
greater limits — from 92.5 to 46200 km?. The period of
observation on these rivers is from 14 (Southern Buh

River — Selythse village) to 102 (Southern Buh River
— Oleksandrivka village) years (since the beginning of
the observations and till 2015) (Table 1).

To verify the reliability of observations data on
the maximum discharges of the spring flood it was
used the historical information. On several rivers,
the observations were not conducted for some years.
Some data series were with errors or have short dura-
tion of observed flood data.

The method of the regression on the variable
that is based on the data of analogues rivers was used
to bringing up the duration of the time series and
restoration of the gaps. This method recommended for
using as by «Guide to Hydrological Practices» WMO
(2009), as and by the national guideline of Ukraine
(BNR, 1983). It is carrying out provided that:

R>0.7,1>10, kio,>2 (1
where R is the correlation coefficient between
discharge values of the corrected and analogue gaug-
ing stations; / is a number of joint observation years
of corrected and analogue gauging stations; & is the
regression coefficient; o, is the standard deviation of
regression coefficient.

The determining probable characteristics of time
series can be carried out only based on the homoge-
neous and stationary data. Nowadays, two methodi-

gazsd T )
3 \
o ? 2, B, .
e e L i
e o _ : I Tikye 1{‘
2T 5 anar 'Ry - > ' ;
i iy 104 4 / > I
. ¢ . Vs -
. Py v A 1y 14
1L A s,
atpmesi R ’1‘/ o
: I 7 i
: s iy 15 i
¥ gauging stations \L . . 4 i -\_H_H:\.,."’\
I forest zone ‘\\2 ) . o
: h = 16 Gk R
Il forest-steppe zone b & . i 3
5 = A ¥
IIT steppe zone 7 i, =54 174 {
‘\_'L\ 2 - g ‘,.j' !.i # I{
N ALY & a.- L >
~ e TR 18 hao A
...w,_.r,.u._.. —g L & L
.\."_\-h_\‘;'\ﬂ_\ ‘.12_' - i ' :_ ‘J/
o~ N ] =4 A
N % S
. . |
Ukraine k= a?1 )
i L ,
i 2o )
0 /
el | f
" /
\ /
\ /
\ 7
\", )
b

Fig. 1. Scheme of the Southern Buh River Basin and location of the 21 water gauging stations
(numbering of stations is based on Table 1)
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Table 1. Basin characteristics of gauging stations of the Southern Buh River

No River Locationsf[);titilz gauging Slfiet;lzkmnel?)t Study period and its duration, years
1 Southern Buh Pyrohivtsi village 827 1964-2015/ 52
2 Southern Buh Lelitka village 4000 1926-43, 1945-46, 1964-2015 / 72
3 Southern Buh Selyshche village 9100 2002-2015/ 14
4 Southern Buh Trostyanchyk village 17400 1930-41, 1946-94, 1996-2015 / 81
5 Southern Buh Pidhir’ya village 24600 1926-43, 1958-2015/ 76
6 Southern Buh Oleksandrivka village 46200 1914-2015 /102
7 Ikva Stara Synyava village 439 1946-93, 1996-2015 / 68
8 Zhar Lityn village 692 1931-88, 1990-94, 1996-2015 / 82
9 Riv Demydivka village 1130 1916-18, 1922-41,1945-88, 1990-94, 1996-2015 / 91
10 | Sob Zoziv village 92.5 1945-88, 1990-94, 1996-2006, 2008, 2010-13, 2015 / 66
11 Savranka Osychky village 1740 1936-39, 1945-2015 /75
12 | Kodyma Katerynka village 2390 1931, 1933-41, 1945-88, 1990-2015 / 80
13 | Synyuha Synyuhyn Brid village 16700 1925-31, 1933-89, 1991-2015 / 89
14 | Hnylyy Tikych Lysyanka village 1450 1945-2015 /71
15 | Velyka Vys Yampil village 2820 1925-1941, 1943, 1945-91, 1993-2015 / 87
16 | Yatran’ Pokotylove village 2140 1955-2010/ 61
17 | Chornyy Tashlyk Tarasivka village 2230 1933-43, 1945-88, 1990-2015 / 81
18 | Mertvovid Kryva Pustosh village 252 1949-88, 1991-94, 1996-2015 / 64
19 | Inhul Kropyvnytskyi city 840 1945-81, 1983-88, 1992-2006, 2008-12, 2014-15 / 65
20 | Inhul Sednivka village 4770 1954-2015/ 62
21 Inhul Novogorozhene village 6670 1931-1941, 1945-2015/ 82

cal approaches detecting changes in the hydrological
series of observations that are widely used world-
wide: deterministic and statistical (Kundzewicz and
Robson, 2004; WMO-No. 168, 2009; Gorbachova,
2014). In the paper, Kundzewicz and Robson (2004)
it is showed that the hydrological series are character-
ized by some features (they are non-normal, season-
al, and serially correlated). Therefore, the statistical
criteria to analyze changes of hydrological series of
observations should be used only after their transfor-
mation, particularly resampling methods should be
made. The graphical method and historical data are
used to confirm the results of the statistical criteria.
In this paper, the deterministic approach based on
graphical methods for estimation of the homogeneity
and stationarity of hydrological series are used. These
methods include correlation graphs, frequency of val-
ues, histograms, mass curves, double mass curves,
residual mass curves, chronological charts, and etc.
(Chow et al., 1988). During the 20™ century the me-
thodical approaches of using graphical methods were
developed. Thus, Rippl (1883) invented and proposed
to use the mass curve and residual mass curve for the
design of the reservoirs and Merriam (1937) is the
author of the double mass curve that he used for a
research of hydrometeorological series change. In the
papers, Gorbachova (2014, 2016) showed that with

the complex use of certain graphical (hydro-genetic)
methods can successfully carry out the assessment of
homogeneity and stationarity of hydrological series.
The mass and residual mass curves, and combined
graphs of hydrological characteristics were proposed
for the complex analysis of observation data. This
methodological approach has already been used to
investigation the homogeneity and stationarity of
streamflow of Ukrainian rivers (Gorbachova et al.,
2013; Gorbachova, 2015; Zabolotnia et al., 2019).

The mass curve is used to detect the influence of
anthropogenic factors (hydraulic structures, canals)
and of climate change (the presence of trends in the
data series). The generation of runoff in the study area
is homogeneous, and vice versa when the mass curve
is not detected “hopping”, “outliers” or unidirectional
deviation. The mass curve is defined with the follow-
ing formula:

Q= Xi-1Q(®) )
where Q is the total discharge of river for time
period T; Q(?) is the discharge of ¢ year.

The residual mass curve was used for the
assessment of the observation series stationarity. The
analysis allows the definition of the stationarity of
data series, the sustainability of the mean value of
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the hydrological characteristic over a long period of
time. The mean value of the time series is stable in the
presence of at least one dry and wet phase of a long-
term cyclical fluctuations of time series. The residual
mass curve is defined by Andreyanov’s formula
(1959):

T
2 (k(r)=1)
—_ =1 3
f@) e 3)

v

where C is the variation coefficient of time
series; k(1) = O(1)/Q, is the modular coefficient; O(2)
and @, is the discharge of # year and mean discharge
for the period T.

Combined graphs of hydrological characteristics
allow the definition of the synchrony/asynchrony
of long-term fluctuations in different rivers within
the one hydrological homogeneous area. In turn,
the synchronous fluctuations are indicated on the
homogeneous climatic conditions of runoff formation.

The Kritskyi & Menkel, Pearson type III and
Gumbel distributions for the frequency analysis were
used (Kritskyi & Menkel, 1940; WMO, 2009; BNR,
1983; Chow et al., 1988). The empirical probability
distribution is defined by the formula (BNR, 1983):

B, = (m|n+ 1)100 %, 4)

where m is ordinal number of hydrological series
members that arranged in the decreasing order; n is
the total number of hydrological series members.

Statistical parameters of the analytical probability
distribution, namely the mean discharge of the data

series, the variation, and skewness coefficients
are defined by the method of moment and method
of maximal likelihood according to methodical
approaches that were showed in the WMO (2009).

The fitting criterion %* to check the results of ana-
lytical curve approximation of empirical points was
used (Chow et al., 1988).

Results and their analysis

In accordance with formula (2), in the South-
ern Bug River basin for the 21 gauging stations the
graphs of the mass curve of maximal discharges of
spring floods were created. Examples of such curves
for some rivers are shown in the Fig. 2.

The analysis of these graphs shows that the ob-
servations series are inhomogeneous, because a point
of inflection is on them, after which the tendency of
maximal discharges changes. At the same time, this
type curves indicates the absence of unidirectional
stable trends of maximal discharges of spring floods
of the Southern Bug River basin. Such tendencies are
typical also for other plain rivers of Ukraine (Shakir-
zanova, 2015; Gorbachova et al., 2016; Zabolotnia
et al., 2019). Such observations series have the mass
curve of convex type. The residual mass curves were
created to identify the reasons for such a tendency
of maximal discharges of spring flood of the rivers
(Fig. 3). Their analysis showed that for the period
1970-1980 for all rivers was the transition from the
increasing to decreasing phases of the long-term cycli-
cal fluctuation. The decreasing phase continues to this
day and its completion cannot be predicted. The dif-
ferent phases of cyclic fluctuations are observed in the
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various directional changes of streamflow (Pekarova
et al., 2003; Gorbachova, 2015). Also, these phases
have a significant difference in the mean values (Gor-
bachova, 2015). Furthermore, the maximum flow of
rivers has considerable variability (its values are sev-
eral times higher than the values of average annual and
minimum flow). The feature of the maximum flow of
spring flood of plain rivers is the long duration of cy-
clical fluctuations phases. For example, at the South-
ern Buh River hydrological station on Oleksandrivka
village the data series of maximal spring flood (the ob-
servations have been carried out since 1914), have not
yet completed a decreasing phase that began in 1970
(Fig. 3). This series of observations also do not have
the complete increasing phase of fluctuations since ob-
servations began at a time when the increasing phase
was already in progress. Consequently, at the Southern
Buh River hydrological station on Oleksandrivka vil-
lage the maximal flow of spring floods with the dura-
tion of observation at 102 years (1914-2015), does not
have a full cycle of long-term fluctuations.
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plain rivers. For mountain rivers, the mass curves
have the sinuous type. In the study (Shakirzanova,
2015) it is shown that in the Southern Buh River Ba-
sin the climatic factors of spring floods have long-
term cyclical fluctuations. The cyclical fluctuations of
climatic factors of the formation of spring floods of
rivers are also shown in the papers (Khrystyuk, 2013;
Khrystyuk et al., 2017). The classification of hydro-
graphs by similar shapes in them was carried out and
it was shown that the presence of similar in shape hy-
drographs in the time series of classes indicates that
from time to time the similar formation conditions of
water flow at the catchment area repeats due to cyclic-
ity of climatic and, as a consequence, of hydrological
processes. In the study (Khrystiuk et al., 2020) the cy-
clicity of spring floods based on the classification of
hydrographs by the facet method in the Southern Buh
River Basin is showed.

The absence of a full cycle of long-term fluctua-
tions in the observation series of the maximal flow
of spring floods of rivers makes such data an unrep-

’
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------ Southern Buh River - Trostyanchyk village
----------- Southern Buh River - Oleksandrivka village
Zhar River - Lityn village

— - —Inhul River - Novogorozhene village

Fig. 3. Some the residual mass curves of the maximum flow of spring floods in the Southern Buh River Basin

Therefore, the presence in the observation se-
ries of maximal flow of spring floods of plain rivers
in only increasing and decreasing phases of cyclical
fluctuations, their considerable duration, as well as
the significant variability of maximal flow are form-
ing the convex type of mass curves. Also, a mass
curve type has a temporary character and occurs when
a combined analysis of different phases of long-term
cyclical fluctuations, namely only increasing and de-
creasing phases. The observation series can be clas-
sified as quasi-homogeneous. The conclusions are
indirectly confirmed by the analysis of the maximal
flow of spring floods of mountain rivers. Such studies
(Gorbachova and Barandich, 2016; Zabolotnia et al.,
2019) is shown that the phases of cyclic fluctuations
of mountain rivers have a much shorter duration than

resentative for the correct determination of stable
mean value (Andreyanov, 1959). The many scien-
tists identify such series as non-stationary. Especially
when only statistical criteria are used to analyze the
homogeneity and stationarity of the data series (Kun-
dzewicz and Robson, 2004; Gorbachova and Bauzha,
2013). An example of the mean value change of ob-
servation series depending on the presence or absence
of a representative period was shown in paper (Gor-
bachova, 2015). At the present, in the Southern Buh
River Basin the observation series of maximum flow
of spring floods can be attributed to temporarily qua-
si-stationary. Therefore, it is essential to update the
statistical characteristics every 5 years.

The basin of the Southern Buh River, the condi-
tions for the formation of the maximal flow of spring

255



Gorbachova L.O., Prykhodkina V.S., Khrystiuk B.F.

Journ. Geol. Geograph. Geoecology, 30(2), 250-260.

floods are homogeneous, because at all hydrological
stations the fluctuations of the maximal flow of spring
floods are synchronous and syn-phase (Fig. 3). It also
shows that the anthropogenic impact does not have a
significant effect on the maximal flow of spring floods
because rivers with natural flow have the same ten-
dency as the rivers with the hydraulic structures. It
also facilitates the selection of rivers of analogues.
For short series of observations, it is necessary (if
possible) to carry out them the increase duration. This
will allow such series to have the information about
extreme floods that were observed in the increasing
phase of long-term cyclical fluctuations in the South-
ern Buh River Basin. For example, these are the same
data series as for Southern Buh River — Pyrohivtsi vil-
lage (Fig. 3a) and for Southern Buh River — Selyshche
village (Table 1).

In accordance with the requirements to calcula-
tions (1), the increased duration and restoration of the
gaps in the time series by the method of regression
on the variable based on the data of analogue rivers
were carried out. An analysis of the results shown that
in the time series remained some gaps, but their per-
centage was significantly decreased (Table 2). In the
Southern Buh River Basin there are difficulties with
the choice of analogue rivers because observations do
not cover small rivers and some tributaries (Gorba-
chova and Khrystyuk, 2018).

Hence, at the Southern Buh River water gauging
station on the Oleksandrivka village, the time series
has the longest duration without gaps (102 years).
This station is the closing water gauging station on
the Southern Buh River, consequently, its catchment
area is the largest in basin (Fig. 1, Table 1). However,
it cannot be an analogue for the time series that were
obtained from catchments with small areas. All other
time series have gaps in observations due to military
actions, reconstruction, etc. The restored time
series allows obtaining the more reliable calculated
statistical characteristics of the maximal discharges of
spring floods in the Southern Buh river basin, which
are shown in the Table 2. However, we have some
difficulties with the selection of the analytical curves
when approximating the empirical points of spring
floods in the Southern Buh river basin. We found that
the distributions Kritskyi & Menkel and Pearson type
III can be used for plotting analytical curves (Fig. 4
and Table 3).

The Gumbel distribution is generalized extreme
value distribution. However, in the Southern Buh
River Basin the Gumbel distribution cannot be used
to generate analytical curves, because the lower part
of such curves is in the range of negative values.
The Pearson type III distribution also could not be
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used for some series of observations for a similar
reason. Therefore, basically the analytical curves
of Kritskyi & Menkel distribution to determine the
values of maximal discharges of spring floods with
1% probability were used. Although, these curves
also do not correspond very well the empirical points
according to the analysis by fitting criterion %> (Ta-
ble 3). This situation can be explained by the fact that
the observation series of spring floods are very asym-
metric, because it has only a few extreme discharges.
For short series (for example, it has only one extreme
discharge), it is generally impossible to select the ana-
lytical curve without restoring the historical discharg-
es. These are such series of observations as for water
gauging stations of the Southern Buh — Pyrohivtsi vil-
lage and the Sob — Zoziv village.

Discussion

The last frequency analysis of observation data
for the maximal discharges of spring floods of the
Southern Buh River Basin was carried out in the
paper of Gorbachova and Khrystyuk, 2018. In this
paper, the calculation was carried out for the data
to 2010 and were shown that values of maximal
discharges of spring floods with 1% probability
have the tendency to decrease in relation to the
calculations which was completed according to the
data to 1980. A comparative analysis of the results
of this study with the results introduced in the paper
of Gorbachova et al. (2018) showed that the values
of maximal discharges of spring floods with 1%
probability as well as its statistical characteristics
not significantly changed (Table 3, columns 6, 7, 8,
and 10). Consequently, such a parameter as the mean
values of maximal discharges of spring floods already
became stable over time. It is ensured by the presence
in the time series of the increase and decrease phases
of long-term cyclical fluctuations (Fig. 3). Thus, the
analysis of cyclic fluctuations of the maximal flow is
especially important when the frequency analyses are
carried out.

Conclusions

The research presents the results of the spring
floods estimates of the Southern Buh River Basin. The
analysis of the homogeneity and stationarity of the
maximal discharges of spring floods showed that time
series are quasi-homogeneous and quasi-stationary.
It is explained by the features of the maximal flow
of spring floods of plain rivers, namely presence in
the observation series only increasing and decreasing
phases of cyclical fluctuations, their considerable
duration, as well as the significant variability of
maximal flow.
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Fig. 4. Probability curves of the maximal discharges of spring floods in the Southern Buh River Basin

The restoring of the gaps in the time series is
especially important step in the investigation because
it allowed obtaining information about extreme floods
that were observed in the increasing phase of long-
term cyclical fluctuations of the Southern Buh River
Basin. It contributes to obtaining more reliable and
stable over time of the statistical characteristics of

time series.

In the Southern Buh river basin, we have some
difficulties with the selection of the analytical
curves when approximating the empirical points of
spring floods. Such empirical distributions are very
asymmetric due to the presence of only a few extreme
discharges. The calculation characteristics of the

Table 3. Check of spring flood series for compliance distribution laws in the Southern Buh River Basin

Neo River - gauging station (o, v) v Compliance Distribution low
1 Krytsky & Menkel
12.6 7.91 compliant
Southern Buh — Pyrohivtsi village
2 Southern Buh — Lelitka village 12.6 18.9 not compliant Krytsky & Menkel
3 Southern Buh — Selyshche village 12.6 11.2 compliant Pearson type 111
4 Southern Buh — Trostyanchyk village 12.6 21.0 not compliant Krytsky & Menkel
5 Southern Buh — Pidhir’ya village 12.6 9,04 compliant Pearson type III
6 Southern Buh — Oleksandrivka village 12.6 48.5 not compliant Krytsky & Menkel
7 Ikva — Stara Synyava village 12.6 6.56 compliant Pearson type 111
8 Zhar — Lityn village 12.6 9.31 compliant Krytsky & Menkel
9 Riv — Demydivka village 12.6 11.2 compliant Krytsky & Menkel
10 | Sob — Zoziv village 12.6 29.6 not compliant Krytsky & Menkel
11 Savranka — Osychky village 12.6 37.1 not compliant Krytsky & Menkel
12 | Kodyma — Katerynka village 12.6 40.4 not compliant Krytsky & Menkel
13 Synyuha — Synyuhyn Brid village 12.6 10.5 compliant Pearson type 11T
14 | Hnylyy Tikych — Lysyanka village 12.6 44.7 not compliant Krytsky & Menkel
15 Velyka Vys — Yampil village 12.6 24.5 not compliant Krytsky & Menkel
16 Yatran — Pokotylove village 12.6 47.5 not compliant Krytsky & Menkel
17 Chornyy Tashlyk — Tarasivka village 12.6 27.8 not compliant Krytsky & Menkel
18 Mertvovid — Kryva Pustosh village 12.6 37.2 not compliant Krytsky & Menkel
19 Inhul — Kropyvnytskyi city 12.6 12.1 compliant Krytsky & Menkel
20 Inhul — Sednivka village 12.6 30.3 not compliant Krytsky & Menkel
21 Inhul — Novogorozhene village 12.6 34.6 not compliant Krytsky & Menkel
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maximal discharges of spring floods already became
stable over time. It is ensured by the presence in the
time series of the increase and decrease phases of
long-term cyclical fluctuations.

The research results can be used by scientific
and project organizations for getting more reliable
estimations of time series and to plan and design of
different hydraulic structures, as well as for regional
planning and management of water resources of the
Southern Buh River Basin.
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and sectoral zoning. To achieve this goal, the study used a content method of analysis of a
set of existing theoretical and methodological approaches to zoning, research and development on the organization and functioning of
recreational territorial units. Methods of comparative analysis of the data on the formation of the territorial structure of tourist regions,
determining the criteria for taxonomic classification of territorial recreational formations allowed to systematize information about
existing world zoning systems and recreational and tourist territorial structure of Ukraine. The information base of the study is the
regulatory documents, analytical and statistical materials of the WTO, NTO of Ukraine, scientific publications of leading Ukrainian
and foreign researchers on zoning, in particular, zoning to manage and optimize tourism and recreational activities. The study involves
schemes for the development and allocation of resources for tourism and recreation, zoning schemes in Ukraine, in the field of recreation
and tourism, which were carried out in the period from 1960s to 2020s. Numerous schemes of recreational and tourist division of the
country’s territory and its separate regions indicate the confusion of terminology, approaches, standards and rules for zoning the
country. In Ukraine, there are sectoral zoning, which are based on the principles of “zona making” conception, however, most sectoral
zonings are not compared and do not correlate. The principles laid down in the implementation of sectoral recreational and tourist
zoning are not always coordinated with the regulations that exist in the system of spatial planning. The results of the analysis emphasize
the urgency of unification of terminology, certainty with methodological approaches to taxonomic classification and selection of taxa
within the country. Today the issues of formation of recreational, tourist, resort spaces for the purposes of efficient and rational nature
use and development of a competitive national tourist product are solved without a single coordinated recreational and tourist zoning
of the territory of Ukraine.
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AHaJi3 cxeM palioHyBaHHsI TepuTopii YKpaiHu [Jsi Hijieil onmTuMisauii Ta ynpasJiHHA
pekpeaniiiHo i TYPUCTCHKOIO TiSlJILHICTIO

I'purtok O.10., lem’ssaenko C.0O., Kymaa T.I.
Kuiscokuii nayionanvnuil ynisepcumem imeni Tapaca Lllesuenka, m. Kuis, Ykpaina, tan_kup@ukr.net

AnoTanisi. MeToro naHoi myOuikanii € MpoBeAeHHs aHaNi3y iICHYI0YOTr0 MAacHBY pPe3yNbTaTiB HAyKOBHX Ta HAyKOBO-NIPUKIIAJHUX PO3-
Ppo6oK pekpeariifHO-TypUCTUYHOTO paifOHYBaHHS TepHUTOPii YKpaiHW 1 BUSBICHHS METOIONOTIYHHX BIMIHHOCTEH B ICHYIOUHX CXe-
Max IUIaHYBaHHS PO3BUTKY peKpeallii Ta rany3eBux paioHyBaHHsX. J[Jisi JOCATHEHHS METH B JOCIIIKCHHI BUKOPUCTAHO KOHTCHTHUH
METOJI aHaJIi3y MACHBIB ICHYIOUHMX TEOPETUYHUX 1 METONOJOTTYHHX TiIXOAIB paifoHyBaHHS TEPUTOPiil, HAYKOBHX PO3POOOK 3 MUTaHb
oprasizarii Ta GpyHKI[IOHYBaHHS peKpealifHuX TepUTOpiaIbHUX YTBOPEHb. MeToIM KOMITapaTHBHOTO aHAITi3y AaHHX, 1110710 GOpMyBaH-
HS TEPUTOPIaTIbHOI CTPYKTYPH TYPHUCTHYHUX PEriOHIB, BU3HAUCHHS KPUTEPiaJbHOI OCHOBH MPOBEACHHS TAKCOHOMIYHOI Kitacuikamii
TEPUTOPIANEHUX PEKpEalifHIX yTBOPEHb JO3BOJIMIM CHCTEMAaTH3yBaTH iH(OpMalilo Ipo iCHyIOUi CBITOBI CHCTEMH 30HYBaHHS Ta
peKpeariifHO-TypUCTHYHY TEepPHUTOpialibHy CTPYKTYpy Ykpainu. [HdopmaniiiHO0 06a3010 JOCHIIKEHHS CIYIyIOThb HOPMAaTHBHI IO-
KyMEHTH, aHaJTiTH4HI Ta cratuctuuHi Marepiann BTO, HTO VYkpainu, HaykoBi myOmikamii mpoBiTHUX YKPaiHCBKUX Ta 3apyOiKHUX
JOCTITHUKIB 3 MUTaHb 30HyBaHHs TEPUTOPIii, 30KpeMa, pailoHyBaHHS 3 METOIO YIIPABIIHHS Ta ONTUMI3alii TypHCTChKO-PEKpeaniiHo0
JUsUTBHICTIO. B ocipkeH s 3aiydeHi cXeMr pO3BUTKY Ta PO3MIILIEHHS pecypceiB TypH3My i pekpeallii, cCxeMu paioHyBaHb TEPUTOPIT
VYkpainu, B raiy3si pekpearii Ta TypusMy, ki 3iiicHioBanucs B niepion 3 1960tux mo 2020Ti poku. YnciieHHI cXeMHU peKpeariitHo-
TYPUCTUYHOTO MOALITY TEPHTOPii KpaiHH Ta I OKPEeMHX PErioHiB BKa3yIOTh HA 3aIUIyTaHICTh TEPMIHOJIOTIT, MiJXOAIB, HOPMATHBIB Ta
MPaBWII OO0 pallOHyBaHHs TepuTOpii KpaiHu. B YkpaiHi € ramyseBi paiioHyBaHHS, sIKi 0a3yIOThCS Ha MPUHIUIAX TEOPii paifoHOyT-
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BOPEHHS, NPOTe, OUIBIIICTh TaTy3eBUX paifOHyBaHb HiSK MK cOOOI0 He CITIBCTaBJIEHI 1 He CIiBBiTHOCATHCS. [IpuHIMIH, SIKi 3aKTana-
IOTBCS TP MTPOBE/ICHHI Tally3eBHX PEeKpearifHo-TypUCTHYHHX 30HYBaHb HE 3aBKIN 3KOOPANHOBAHI i3 HOPMAaTHBHUMH JOKYMEHTaMH,
IO iICHYIOTh B CHCTEMi TEPUTOPIabHOTO IUTAHYBaHHS. Pe3ynbTaTé aHali3y HaroJoNIyIOTh Ha HAaraJbHOCTI YHi(iKamii TepMiHOMOTIi,
BH3HAYEHOCTI 13 METOAMYHMMH IiJXOJaMH TAaKCOHOMIYHOI Kiacudikamii Ta BUAUICHHS TAaKCOHIB B MeXax TepuTopii kpainu. Ha
ChOTO/IHI TUTaHHs POPMYBaHHS PEKpEaliiHOT0, TyPUCTUYHOIO, KyPOPTHOTO MIPOCTOPIB /UL Liijiel e()eKTHBHOTO i pallioOHaIbHOTO IPH-
POIOKOPUCTYBAHHS Ta PO3pOOJICHHS] KOHKYPEHTOCITPOMO)KHOT'O HAIlIOHAIBHOTO TYPUCTHYHOTO MPOAYKTY BUPIIIYIOTHCS 6€3 €INHOTO
Y3TO/KEHOTO PeKpeariifHO-TypHCTHIHOTO paifoHyBaHHs TepUTOpii YKpaiHu.

Kniouoei cnosa. mypusm, pekpeayis, makcOHOMIsl, MAKCOHOMIYHI PEeKpeayitini 0OUHUYL, PAlOHYS8AHHS, PEKPeayitiHo-NypUCmuiHe paii-

OH)Y6AHH

Introduction

Economic transformations in Ukraine, global
financial crises, lack of funding for domestic tourism
in our country require more efficient use of all
opportunities for further rational management of
available resources and develop an effective strategy
for the industry as a whole.

According to UNWTO, during January-August
2020, international tourist travel decreased by 70%
compared to 2019, when there were 1.46 billion tour-
ist trips. The tourism sector has suffered losses of
more than 700 billion USD, which is more than eight
times higher than the recession caused by the global
economic crisis in 2009 (WTObarometerrus, 2020).
Military action in the Donbass and the occupation of
the Crimean Peninsula led to the reorientation and
opening of new tourism destinations, the COVID-19
pandemic showed the importance of domestic tour-
ism. Its development in Ukraine has become increas-
ingly important over the past 10 years.

Today’s political-administrative, socio-economic
realities in the development of Ukraine allow to re-
view the existing methodological bases used for land
division to solve applied problems of recreational ge-
ography, in particular, to formulate new approaches
to land division for more effective planning of recre-
ation and tourism in the whole country.

Decision-making in formulating strategies for the
development of the recreation and tourism industry in
Ukraine as a whole and its individual regions should
be based on sound project planning of territories,
which are expressed in the schemes of zoning and
development of territories, including recreation. Par-
ticularly relevant issues addressed by zoning schemes
are the formation of recreational, tourist and sanato-
rium spaces for the purposes of efficient and rational
use of nature, development of ways for careful use
of natural medical and recreational resources through
the design of tourism development zones and resorts.
In addition, development and zoning schemes become
the basis for the development and implementation of
a competitive national tourism product.

Methodological issues of determining the tourist,
recreational, climatic and recreational potential of ter-
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ritories, typology of recreational areas and special di-
vision of territory in the field of tourism and recreation
into territorial units are gradually beginning to be cov-
ered in development, scientific and applied, normative
nature, geography and urban planning, health care, etc.
from the 60s - 70s of the 20™ century. Researches in
the field of recreational division of territories, devel-
opment of taxonomic recreational classification were
carried out by Likhanov B., Preobrajenskij V., Vedenin
Yu., Mukhina L. (1975), Panchenko T. (1990, 2005,
2009), Mazurkevich O., Mis’kij V. (1990) Rodichkin
1. (1978), Shischenko P. (1989), Stauskas V. (1977),
Bejdik O. (1997, 2004, 2009), Mokliak A. (2004),
Matsola V. (1997), Danilova N. (1980), Pokolodna M.
(2008, 2012) and other autors.

Issues of planning recreational areas in the world,
their isolation and functioning in the land use sys-
tem are revealed in researches and projects since the
1940s, in particular, Wehrwein G., Johnson H. (1948),
Jim, C (1989), Hirt S. (2004), Caves R. (2005), Lef-
coe, 2005, Hodge G., Gordon D. (2014), Baycan T.,
Nijkamp P. (2009) and other authors. In these stud-
ies, the world’s zoning systems are reduced to the two
largest groups, namely the American and Western Eu-
ropean, which have significant differences. Also, the
system of territorial zoning of China is singled out
as a system that provides mechanisms for the allo-
cation of particularly valuable lands (including agri-
cultural), Japan, Hong Kong, etc. (C. Y. Jim, 1989,
Cheung Darren Man-wai, Tang Bo-Sin, 2016, Hong
Kong planning standards and guidelines, 2014). Ex-
isting zoning systems are primarily a tool for regional
development planning for authorities at various levels
and are considered as so-called legal zoning, as they
primarily establish and regulate the rights of use of
real estate and land resources.

The American zoning system is characterized by
the highest degree of independence of local govern-
ments, the declaration of policy of strategic planning
of socio-economic development is developed in one
stage covering the entire territory and all its compo-
nents (Wehrwein G., Johnson H., 1948, Hirt S., 2004,
Lefcoe G., 2005, Hodge G., Gordon D., 2014).

The Western European zoning system is a set of
national zoning systems that have certain, sometimes
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fundamental, differences. For example, in the United
Kingdom, territorial zoning is carried out only by lo-
cal governments or unitary institutions and is coor-
dinated in accordance with the regional development
plan. Issues of planning of protected lands (national
parks, reserves) are coordinated by the Organization
of National Parks, in particular. Also, there are dif-
ferences in taxa (classes or categories) of territorial
division in different zoning systems (Caves R., 2005,
Baycan T., Nijkamp P., 2009).

Analysis of sources related to the world practice
of territorial zoning and land management showed
that the basic approach to division is the normative
method of territorial planning used by local govern-
ments (Caves, 2004; Lefcoe, 2005; Hirt, 2014), and
the main criteria for zoning types of nature use are
selected (recreational, water, forest, agro-, urban and
other types of nature use) — “land use form™ (Hirt,
2014). In accordance with the type of nature use and
the nature of land ownership, users carry out zoning
of territories based on the principles of sustainable
development of society, term of use, nature and inten-
sity of use, size of taxa, etc. Thus, in the world prac-
tice, territorial division (regardless of industry) is the
zoning of the territory. Zoning is a method of spatial
planning (urban planning, in particular) in which dif-
ferent levels of territorial governance (municipalities,
Fish and Wilderness, Forest services or others) divide
territorial resources into taxa, called zones (National
Research Council, 2009; Hirt, 2014). Each of the taxa
has a set of clear rules and regulations aimed at the
strategic development of areas subject to zoning and
which differs from other zones. During the implemen-
tation of zoning, the duration of allocation of zones
(temporary, single-use, zones or steel, permanent use,
zones, for example, residential, industrial, etc.) is tak-
en into account and indicated. Zones also take into ac-
count the possibility of combining several compatible
types of nature management, or in the case of zoning
based on forms, different rules may regulate the den-
sity, size and shape of permitted use regardless the
purpose (Hodge, 2014). The planning rules for each
zone determine whether planning permission can be
granted for a given site design for a specific use or
not. Such zoning determines the direct and condition-
al use of land, and its rules determine the size of land
into which the territory can be divided, the form and
scale of design decisions. Zoning rules are established
to manage the growth and development of areas (in-
cluding cities) (Rodrigue, 2020).

The current state of zoning in Ukraine is based on
the multifaceted definition of the concept and revolves
around the legal regulation of zoning processes, tools

and mechanisms for nature regulation and manage-
ment. Numerous existing schemes (in particular, rec-
reational) of the division of the country’s territory
and its individual regions indicate the confusion and
diversification of terminology, approaches, standards
and rules for zoning. In addition, in Ukraine there are
numerous sectoral zoning, which are based on the
principles of the theory of “zone making”, however,
most sectoral zonings are not compared and do not
correlate. In addition, the principles laid down in the
conduct of sectoral zoning are not always coordinated
with laws and regulations that should regulate the sys-
tem of spatial planning and often have a different in-
terpretation of zoning. There are significant differenc-
es between sectoral zoning and schemes of territorial
planning of recreation and tourism in Ukraine during
the period of formation and existence of recreational
geography, geography of resorts and tourism.

Thus, the general purpose of this article is to
identify methodological differences in the existing
schemes of recreation development planning and tour-
ist and recreational zoning of the territory of Ukraine;
clarification and description of basic approaches to
zoning the territory of Ukraine for the purposes in or-
der to optimize and manage the recreational and tour-
ist activities. The object of this study is the existing, in
the field of recreational geography and tourism, zon-
ing of Ukraine to analyze zoning schemes of its ter-
ritory and the allocation of taxonomic territorial units
in order to optimize and manage the development of
recreational and tourist activities.

Materials and methods of research

The information base of the study is legislative,
normative documents, analytical and statistical
materials of the World Tourism Organization, the
National Tourism Organization of Ukraine, scientific
publications of leading Ukrainian and foreign
researchers on zoning, in particular, zoning to manage
and optimize tourism and recreation. The study
involves schemes for the development and allocation
of resources for tourism and recreation, zoning
schemes in Ukraine, in the field of recreation and
tourism, which were carried out in the period from
the 1960s to 2020s.

To achieve the goal of this study used methods of
scientific analysis and synthesis, in particular, content
method of analysis of geographic information in
the study of existing theoretical and methodological
approaches to zoning, research on the organization
and functioning of recreational territorial entities,
methods of comparative analysis of information, in
particular, comparison and generalization of data on
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the formation of the territorial structure of tourist
regions, determination of the criterion basis for
taxonomic classification of territorial recreational
formations, during the systematization of the obtained
data on existing world zoning systems and recreational
and tourist territorial structure of Ukraine.

Results and its analysis

The successful development of recreational and
tourism activities is due to a number of important
factors, including effective audit and assessment
of resource potential of territories for tourism and/
or recreational activities, rational use of recreational
and tourism resources based on clear schemes of
spatial differentiation of regional resources, effective
policy states in tourism support, etc. In Ukraine, the
practice of zoning is defined as a way to regulate
the environmental management and the function of
territorial management. Ragionalization is carried
out in order to optimize and manage recreational
and tourism activities, which is coordinated and
determined by legislative, normative documents of
the regulatory sphere of territorial recreational and
tourist planning allows to use the existing recreational
and tourist potential of the regions and pursue a
clear state policy in tourism and recreation, turning
this area into an important source of both business
development and filling the local and national
budgets.

The best scientific meaning of recreational and
tourist zoning is conveyed by Beidyk O.0. (1997),
who proposes to consider such special zoning as
the allocation of territorial division units (taxa),
characterized by the structure of the resource base
for the development of recreational activities, the
specifics of development of recreational resources,
activities in the field of preservation and protection
of existing resources of the territory specialization in
recreational and tourist services. Sectoral recreational
zoning of territories should be aimed at coordinating
the recreational and tourism industry with the system
of nature management of the region as a whole, the
existing features of the regional economy and so on
(Bejdik, 1997). In Ukraine, the practice of special
zoning is based on the following principles:

- constructiveness, which is determined primarily
by the purpose of zoning;

- objectivity, which consists in the clarity of the
criteria for allocating units of territorial division,
mostly, of different ranks;

- hierarchy, which is determined by the levels of
mutually subordinate different ranks of taxa;

- complexity, which consists in the complexity of
zoning procedures for the purposes of optimization
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and management of recreational and tourist activities;

Regarding the regionalization of the territory
for recreation and tourism, the domestic scientific
literature, depending on the purpose and objectives,
uses a branched, non-unified and confusing
terminology - “recreational”, “resort”, “resort-
recreational”, “tourism”, “tourist-recreational” and
“recreational-tourism” etc. The last term, according to
the authors, is the most appropriate, because it allows
to take into account the specifics of recreation and
tourism - the available resource base, differences in
physical-geographical and socio-economic features,
cultural and historical aspects (ethnography, cultural
heritage attributes, etc.), economic potential of the
territory, etc. Thus, according to the current scientific
interpretations, recreational and tourism zoning
is the division of territory into taxonomic levels,
characterized by a certain recreational and tourist
specialization.

One of the key points of sectoral zoning is the
observance of clear subordination and hierarchy in the
allocation of taxonomic units of zoning of territories.
Different methods of taxonomic classification
of recreational territorial formations coexist in
the scientific literature. Thus, Shelomov M.P.
(1975) identifies the following hierarchical levels:
institution, complex, functional area, resort, district,
region, country. Kotlyarov E.N. (1978) proposes the
following hierarchy of taxonomic recreational units:
republic (region) — district — recreational area —
recreational subdistrict. Znamenskaya E.A. (1969)
proposed another hierarchy of resort formations:
sanatorium (resort) institution — resort complex
— resort — resort district. The disadvantage of this
taxonomy is the use of such concepts as “complex”
and “district” when designating the ranks of resort
formations. Zorin L.V., in the work “Diversity of
territorial and recreational systems and its typification”
(1975) proposes to adhere to the taxonomy, which is
based on the notion of redistribution of management
and service functions, the diversity of recreational
activities. Based on the following principles, the
author identifies 5 taxonomic levels of recreational
territorial entities: enterprise — factory — compound
— association — industry.

In our opinion, the most successfully taxonomic
levels of recreational territorial formations are
presented in the scientific works of Dolishny M.L,
Nudelman M.S., Tkachenko K.V. (1984), who
proposed the following hierarchy: recreational
point — recreational center — recreational node —
recreational subdistrict — recreational district. The
similarity of the hierarchy of recreational formations
is characterized by the development of Shablii
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O.L.: recreational point — recreational center —
recreational node — recreational area — recreational
region — recreational zone (Shablii, 1994).

The combination of the last two taxonomic
divisions allows us to propose the following hierarchy
of recreational and tourism zoning: recreational and
tourism institution — recreational and tourism point
— recreational and tourism center — recreational and
tourism area — recreational and tourism region, in
which:

- Recreational and tourism institution is a single
recreational or tourism facility that occupies a limited
area (sanatorium, boarding house, recreation center,
camp site, camp, etc.). Links to other objects are
inconspicuous.

- Recreational and tourism point is a settlement
of insignificant area, in which there is at least one
recreational and tourism institution and defines one of
its important functions.

- Recreational and tourism center is a set of
recreational and tourism facilities located within
the administrative boundaries of the settlement with
a developed infrastructure (transport, services).
Recreational and tourism center is characterized by
the availability of resources in sufficient quantities
for their effective use in the recreational and tourism
sphere.

- Recreational and tourism area is an area where
the natural recreational and tourism, historical and
cultural potential is integrated with the social and
economic infrastructure of the given territory.

- Recreational and tourism region is a key unit
of zoning, covering several administrative and
historical regions, natural areas and so on. This area is
characterized by common climatic conditions, terrain,
hydrological regime, historically formed settlement
system and a single historical and cultural heritage.

A significant number of different zoning schemes
of the Ukrainian territory for recreation and tourism
coexist in the scientific circulation (presented in the
Table 1).

Thus, the first attempts to zoning the territory of
our state were made in the 60s of the 20th century.
In particular, in the General scheme of location of
sanatoriums and the list of resorts and medical areas
of Ukraine (1961) for the first time on the territory of
the former Soviet Union the resort possibilities of the
territory were comprehensively studied and prospects
of development of resort industry were defined. (360
settlements have been identified which have all the
prerequisites for the development of the sanatorium-
resort sphere) (Fig. 1 a).

In 1968, the scheme of placement resorts, places
of mass recreation and tourism in Ukraine was a
zoning of the territory with the definition of promising
arecas for the organization of recreational and
tourism activities. When identifying the prospects of
territories for recreation, it were studied the following:
resort areas (in Zakarpattia, Lviv, Ivano-Frankivsk,
Chernivtsi, Poltava, Odessa, Zaporizhzhia, Donetsk
regions and the Autonomous Republic of Crimea);
zones of mass recreation (mainly in the coastal zone
of the main Ukrainian river - the Dnipro (middle and
lower reaches), the Southern Buh (lower reaches), the
Dniester (upper reaches), the Seversky Donets and
the Desna); suburban green areas (around regional
centers, the largest is around Kyiv); monuments of
nature and culture (objects of national importance)
(Mis’kii, Panchenko, Mazurkevych, 1990).

Mukhina L.I. (1973) carried out the grading of
the natural and geographical provinces of the USSR
under the conditions of the organization of summer
recreation (beach and bathing spots without sea-
shores). The south and south-east of our state received

Fig.1 a) Scheme of location of national, local resorts and sources of medicinal mineral waters and muds on the territory of Ukraine
(1961); b) Scheme of location of resorts, places of mass recreation and tourism in Ukraine (1968).
Source: made by the authors based on the Mis kii, Panchenko, Mazurkevych, 1990
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Table 1. The main schemes of Ukraine zoning for tourism purpose (all developments in the table are given in the original language)
Source: made by the authors based on the results of their own research

Year The name of the scheme (in the original language) Author (-s)
General layout of sanatorium and health institutions and a list of resort and .
1961 . . . Giprograd
medical areas in Ukraine
1968 Layout of resorts, places of mass recreation and tourism in Ukraine Urban Planning Institute of Research
and Design
1975 Rating of natural-geographlcal'pro'vmces of the USSR under the conditions of Muhina L1
organization of summer rest
Recreational zoning of the territory of the USSR Institute of Geography of the USSR
Academy of Sciences
1975
(led by Probrazhens kii V. and Liha-
nova B.)
1977 Duration of a comfortable perlod_ in th_e USSR for summer recreation and tour- Danilova N.A.
ism (in days)
1978 Location scheme of regional recreational systems Rodich'kin I.D.
1979 The scheme of development and placement of resorts, recreation and tourism Urban Planning Institute of Research
places, natural parks and reserves in the USSR, including the Ukrainian SSR and Design
1983 Scheme of perspective development of tourism in the Ukrainian SSR Giprograd
1983 Regional scheme for the development and placement of resorts, recreation and | Urban Planning Institute of Research
tourism sites, natural parks and reserves in the Ukrainian SSR and Design, Giprograd
1985 Recreational zoning of the USSR Pirozhnik LI
1985 Tourist zoning of the USSR Zorin 1.V. and others
1987 Tourism regionalization of the USSR Krachylo M.P.
1989 Geographical and recreational zoning Geographical encyclopedia of Ukraine
1989 Recreational and climatic zoning Kyiv State University - Faculty of
Geography
1991 Consolidated scheme of the regional planning of Ukraine. Section: Natural and | Giprograd, Urban Planning Institute of
recreational territories of Ukraine Research and Design
1994 Comprehensive recreational zoning of the territory of Ukraine Shablii O.1.
Tourism zoning of Ukraine Institute of Tourism of the Ukrainian
1996 Trade Unions Faderation (Krachylo
M., Popovych S., Fedorenko N.)
1997 Recreational and tourism zoning of Ukraine Beidyk O. O., Liashenko D.
2001 General scheme of planning of the territory of Ukraine (Development of health | Dipromisto, Urban Planning Institute
and recreational network) of Research and Design
2004 Recreational zoning Lukianova, Tsybukh
2004 Recreational and tourism zoning of Ukraine Smal' I. I.
2004 Rating resource-recreational zoning of Ukraine Beidyk O. O.
2004 Tourism zoning Mokliak
2006 Geospatial organization of recreational economy Staphiichuk V.I.
2008 Recreational zoning Masliak P.O.
2008 Tourism and recreational zoning Pokolodna M.M.

the highest point in this rating, which is 5, on the
suitability of natural conditions for the organization of
recreational and tourism activities. (Mukhina, 1973)
Since the mid-1960s, scientists have begun
to pay considerable attention to the study of
territorial recreational systems - as the basic units
of development of the recreational economy and the
centers of territorial division. Thus, Zorin's map of
“The demand Areas” was compiled (Zorin, 1975).
The study was conducted on the basis of a survey of
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citizens, their preferences and desires to relax in a
particular region. Demand was calculated per 1 000
inhabitants. According to this study, the Crimean
Peninsula, North-Western and Western regions of
Ukraine are characterized as having a low demand —
10-49. The Black Sea coast is characterized by demand
—100-199. The central and eastern regions of Ukraine
are characterized as having the highest demand — 200-
1000. This was one of the first marketing studies of
the tourism in the Soviet Union (Zorin, 1975).
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At the same time, one of the first zonings of the
territory of the USSR was carried out for the purpose of
recreation under the leadership of V. Preobrazhensky
and B. Likhanov (1975). The results of the analysis of
natural and socio-economic conditions, as well as the
results of the study of historically formed recreational
enterprises were the basis of recreational zoning.
The main criteria for allocating the boundaries of
recreational areas in this zoning were the following:

- the degree of the development of the network of
recreational systems;

- density of recreational enterprises;

- the role of recreational enterprises in meeting
the needs for recreation and health in the country.

Based on this approach in the USSR in 1975, it
was proposed to allocate 4 recreational areas. The
territory of Ukraine fell into 1 and 2 recreational
zones, within which 4 recreational districts were
allocated in the territory of Ukraine — Crimean, Azov,
Odessa and Dnieper-Dniester, within the last one the
Carpathian recreational district was separated (shown
in the Figure 2a).

able periods in the Soviet Union in order to organize
summer recreation and tourism. According to the re-
sults of the study, the duration of the comfort period
(temperature range of 22-25 °C) in Ukraine was de-
termined and it was found that the duration of com-
fort increases from north (45 days) to south (85 days)
(Danilova, 1980).

In 1978, I.D. Rodichkin proposed a layout of re-
gional recreational systems (shown in the Figure 2b).
According to this scheme on the territory of Ukraine
the author identified 9 regional recreational sys-
tems: Kyiv-Dniprovs'k, Volyn', Seversko-Donets’k,
Prydniprovs'k, Pryazovs'k, Odesa-Chornomors’k,
Dniester-Buz'k, Carpatian and Crimea. It is clear
from this scheme that the author has only identified
the areas suitable for the development of recreational
and tourism activities (Rodichkin, 1978).

The Scheme of the development and location of
resorts, places of recreation and tourism, nature parks
and reserves (1979) and the Scheme of the perspec-
tive development of tourism of the Ukrainian SSR
(1983) (Miskii, Panchenko, Mazurkevich, 1990) are

Fig. 2. a) Scheme of recreational zoning within modern Ukraine, 1973; b) Scheme of regional recreational systems of Ukraine, 1978.
Source: A) compiled by the authors on the basis of the map “Scheme of recreational zoning of the USSR on the V. Preobrazhenskii,
B. Likhanov., 1975; B) compiled by the authors on the basis of the schema's of Rodichkin I., 1978

Also, this work presents the characteristics of
territorial recreational systems, which coincided with
the boundaries of certain areas in Ukraine and differed
in a certain specialization. Thus, Odesa, Crimea, Azov
and Dnieper-Dniester were characterized by health
specialization, and Carpathian — sports and health.
The importance of this zoning was that it became the
impetus for further studies of territorial differentiation
and this zoning was the basis for territorial divisions,
according to recreational criteria, until the late 80’s
of the 20" century. (Preobrazhenskii, Likhanov, 1975)
Recreational zoning of V. Preobradzhenskii and B.
Likhanov was specified by Pirozhnik L.I. in 1980.

In 1977, N.A. Danilova conducted climatological
and recreational studies of the duration of comfort-

also noteworthy. According to T.F. Panchenko, 7 re-
gions and 100 resorts of all-Union significance were
allocated on the territory of Ukraine in the scheme
of 1979. During such a thorough study in 1983, a
comprehensive assessment of tourism resources was
carried out and on the basis of estimated data 4 tour-
ism regions (Carpathian, Polissya, Dnipro and Azov-
Black Sea) and 35 tourism regions were identified
(Panchenko, 2009).

The Kyiv Research Institute of Urban Develop-
ment with the participation of the Dipromisto Institute
(1983) developed a regional scheme for the develop-
ment and location of resorts, places of recreation and
tourism in the Ukrainian SSR (Mis kii, Panchenko,
Mazurkevich, 1990). At that time, the integral resort
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and recreational system of the Republic of Ukraine
was divided into 5 major territorial systems: Western
(8 oblasts - districts), Central (6 oblasts), Southern (4
oblasts), Northeast (4 oblasts) and South-Eastern (3
oblasts). Taxa in the development of the scheme of
division of the territory of Ukraine were represented
by resort and recreational regions — resort and recre-
ational areas — individual resorts — recreation areas.
The largest taxa - resort and recreational regions -
were identified on the basis of the most valuable resort
and recreational resources, which were concentrated
in the same type of natural and geographical systems
(including mountains, river basins, sea coasts). By
importance, they were divided into regions of union-
republican and republican significance (Miskii, Pan-
chenko, Mazurkevich, 1990).

Pirozhnik 1.I., in 1985, finalized the recreational
zoning of Preobrazhensky V. and Likhanov B. with
a view to clarifying the boundaries of recreational
areas. The key idea of the author was to coordinate
recreational zoning, economic zoning and administra-
tive-territorial division. Another important aspect of
the revised zoning of 1985 is the analysis of the rec-
reational economy in the context of significant eco-
nomic areas, highlighting the recreational subregions
within them. Accordingly, the author identified the
Southern recreational area with 3 subdistricts in the
territory of Ukraine — Odessa, Azov and Crimea and
the Dnipro-Dniester recreational area. In addition, the
author gave a detailed description of recreational sub-
regions (Pirozhnik, 1985).

In the same year, 1985, in the All-Union Re-
search Laboratory for Tourism and Excursions, the
tourist zoning of the USSR was developed under the
leadership of Zorin L.I. The following were adopted as
district-forming features:

1) the degree of development of tourism and its
material base;

2) the place of the district in the inter-district di-
vision of labor of tourist enterprises;

3) basic tourist functions.

The basis of zoning were 5 tourism zones, which
in turn were divided into 31 tourism districts with
leading tourist and excursion centers. The study of
GNI tourism and excursions was not limited to the de-
velopment of only a zoning scheme. For each district,
the functions of tourism, district specialization, level
of development and prospects for development were
determined. Subsequently, this development and the
results of the study were used in the development of a
promising industry scheme for tourism development
until 2000. According to the tourism zoning of Zorin
L.V. the following districts are distinguished on the
territory of Ukraine: Crimean (center - Sevastopol),
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Ukrainian Primorsky (center - Odessa), Ukrainian-
Moldavian (center - Kyiv) and Carpathian (center -
Lviv). (Zorin, 1985)

A significant contribution to the methodology of
tourist zoning was made by Krachylo M.P., who in
1987 also developed a scheme of tourism zoning of
the Soviet Union. Basing on the tourism zoning in
1987, the author identified the proposed wider range
of criteria, in particular:

1) the territorial structure of the current state of
tourism organization;

2) the share of employees in the tourism industry
from the total number of employees;

3) the nature of the links of tourism services with
other sectors of the economy;

4) the level of development of the tourism
industry;

5) availability of tourist resources;

6) economic and geographical location;

7) modern and long-term needs of the population
in tourism services.

On the basis of these criteria in the territory of
Ukraine Krachylo M.P. identified 5 tourist areas
- Crimean, Azov, Odessa, Dnipro-Dniester and
Carpathian (shown in Figure 3a). (Krachylo, 1987)

The zoning of the territory of Ukraine proposed
by the specialists of the Faculty of Geography (1989)
is based on geographical principles, and the criteria
chosen are the physical and geographical parameters
of the territory and their spatial differentiation,
but climatic and landscape recreational conditions
were identified as the key criteria. This zoning was
called recreational-climatic and divided the territory
of Ukraine into 6 recreational-climatic districts:
Western, Central, Eastern, Southern, Crimean and
Transcarpathian.

The Ukrainian Geographical Encyclopedia,
1989, offers a comprehensive recreational zoning of
the territory of Ukraine. Complex recreational zoning
of 1989 represents the division of Ukraine into 4
recreational regions, in particular, the Carpathian,
Crimean, Dnipro-Dniester, Azov-Black Sea — 8
recreational areas, namely, Odessa, Priazovs'ky,
Feodosiya, Yalta, Evpatoria, Dnipro, Prydniprovs'ky,
Prydnistrovs'ky, 7 recreational subdistricts, in
particular, Sudak, Yevpatoria, Feodosia, Black Sea,
Crimea, Alushta, Yalta. Taxa of recreational regions
include subsystems of long-term and short-term rest,
sanatorium treatment and tourism, and management
subsystems that include services, transport of
economic areas. On average, the recreational capacity
of the regions in this zoning ranges from 1.5 to 2.0
million vacationers (summer vacation). Recreational
regions are due to a spatial combination of features
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Fig. 3. a) Scheme of tourism zoning within the modern Ukraine, 1987. b) Tourism zoning of Ukraine, 1996
Source: A) compiled by the authors on the basis of the schema's “Tourist zoning of the USSR. Zones and districts”, 1987; B)
done by the authors on the basis of the schema's Krachylo, Popovich', Fedorenko, 1996

and factors that determine the existence of regions:
the presence of recreational landscapes, medical
resources, tourism resources, sufficient transport
networks and infrastructure, economic and social
ties with areas of concentration, etc. (Geographical
encyclopedia, 1989).

Shablii O.I. (1994) developed a meaningful
comprehensive recreational zoning of the territory
of Ukraine based on the availability of recreational
resources, analysis of the flow of wvacationers,
material and technical base. Shablii offered 4
recreational areas: Black Sea-Azov, West-Ukrainian,
Central-Ukrainian, Polissya. Recreational zones are
proposed to be considered territorial units that are
characterized by common natural, historical, cultural,
socio-economic resources, typical infrastructural
relationships and so on. Recreational areas, in this
zoning of Shablii subordinate 9 recreational regions,
in particular, the Crimean, Western Black Sea,
Eastern Black Sea, Carpathian, Roztochia-Opilia,
Prydniprovs'ky, Prydnistrovs'ky, Podilia, Donets’k.
Within the Eastern Black Sea region, Berdyans'k
district is distinguished, within the Polissya region -
Transcarpathian recreational district. (Shablii, 1994).

The tourism zoning of Ukraine (presented
in Figure 3 b) proposed in 1996 by the Institute of
Tourism of the FPU is based on the study of climatic,
historical, cultural, socio-economic conditions and
resources, development of tourism in Ukraine and
performed for territorial and administrative regions.
The authors proposed zoning identified 7 tourist
regions: Carpathian, Volyn'-Ternopil’, Zhytomyr-
Vinnytsia, Kyiv, Kharkiv, Dnieper-Donets'k and
South. (Krachylo, Popovich', Fedorenko, 1996)

Recreational and tourism zoning of Ukraine in
1997 (presented in the Figure 4a), proposed by Beidyk
0.0. and Liashenko O.D. divides the territory into 6
recreational and tourism areas: Carpathian, Polissya-

Podilsky, Kyiv-Dnieper, Donetsk-Dnipro, Black Sea
and Crimean.

Recreational and tourism zoning of Ukraine
(1997) was carried out by the authors in accordance
with:

- analysis of the share of recreational areas in the
land structure (as a percentage from the area);

- analysis of the number of places in organized
recreation facilities;

- analysis of the presence of centers (cores) of
districts;

- analysis of recreational and tourism
specialization of the territory in the national division
and integration of labor;

- analysis of the common areas of use of
recreational and tourism resources.

This zoning was also carried out on the basis of
the current territorial and administrative division of
the country. For territorial-administrative regions of
Ukraine, in addition, the following indicators were
determined:

a) the share of potential recreational areas in the
land structure (up to 20, 20-30, 31-50 and more than
50),

b) the number of places in organized recreation
facilities, in this case sanatoriums and boarding houses
with treatment and houses and rest boarding houses
(1-2, 3-5, 6-10, 11-25 and more than 99 thousand
units). (Beidyk, 1997)

Later, in 2004, Beidyk O.0. conducted an
assessment of potential and current recreational
and tourist resources of Ukraine. Assessment of
recreational and tourist potential of territorial-
administrative regions of Ukraine was conducted in
7 blocks: geopolitical, natural, natural-anthropogenic,
architectural-historical, infrastructural, biosocial
and event. The results of a comprehensive analysis
and assessment of recreational and tourist resources
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Fig. 4. a) Scheme of recreational and tourism zoning of Ukraine, 1997; b) Scheme of rating recreational and tourism zoning of

Ukraine, 2004

Source: A) done by authors based on the schema's of Beidyk and Liashenko, 1997; B) done by the authors based on the schema’s of

Beidyk, 2004

are the basis for ranking regions and their grouping
(by rating): very high — high — medium — low
— very low. This rating grouping is reflected in the
scheme of ranking recreational and tourist zoning of
Ukraine (presented in the Figure 4 b). The scheme of
ranking recreational and tourism zoning of Ukraine
distinguishes 5 districts: Black Sea (core - Odessa,
very high rating); Carpathian-Podolsky (core -
Lviv, high rating); Polisko-Stolychny (core - Kyiyv,
average rating); Kharkiv (core - Kharkiv, low) and
Prydniprovsko-Donetsk (core - Dnipro, very low).
(Beidyk, 2009)

Smal® LV, in 2004, proposed a scheme of
recreational and tourism zoning of Ukraine with the
allocation of 5 recreational and tourism macro-districts
- Polissya, Western, Central-Eastern, Primorsky and
Crimean. The criteria for this zoning are:

- structure and capacity of recreational and tourist
potential (natural and socio-historical);

- the presence of elements supporting recreational
and tourist framework;

- index of territorial localization of recreational
and tourist activity objects;

- results of branch recreational zoning;

- results of groupings of territorial-administrative
units of Ukraine (according to the level of development
of accommodation establishments);

- intensity of tourist flows within
administrative-territorial units. (Smal’, 2004).

In the study of Mokljak A.V. (2004) tourism
zoning should be carried out for the purpose of regional
planning and forecasting of tourism development,
optimization and management of rational use of
tourist resources of territories, etc. (Mokljak, 2004).
In his study, the author identified 13 tourism regions
within Ukraine:

the
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1) Azov with Mariupol’
subregions in the structure;

2) Volyn' with Lutsk-Volodymyr and Rivne-
Kremenets' subregions in the structure;

3) Dnipro with Kyiv and Cherkasy-Kremenchuh
subregions in the structure;

4) Dniester with Ivano-Frankivsk-Chernivtsi and
Kamyanets-Mohyliv subregions in the structure;

5) Zaporizhzhia independent tourism region;

6) Carpathian with Drohobych, Kolomyia and
Transcarpathian subregions in the structure;

7) Crimean with Kerch, Simferopol, Evpatoria-
Rozdolnyansky subregions in the structure;

8) Podilsky with Ternopil, Khmelnytsky,
Vinnytsia subregions in the structure;

9) Polissya with Kovel and Sarny subregions in
the structure;

10)Roztochans k-Hologors kwithRoztochansky,
Holohorsky subregions and the subregion of the city
of Lviv in the structure;

11) Slobozhansky region with Izium, Kharkiv,
Sumy subregions in the structure;

12) Chernihiv-Sivers'’k independent tourism
region;

13) Black Sea with Odessa, Mykolayiv, Kherson
subregions in structure.

Stafiychuk  V.I., in 2006, considered the
regional features of the geospatial organization of
the recreational economy of Ukraine, but in terms
of socio-geographical areas: Volyn', Carpathian,
Podols’k, Capital, Northeast, Central, Dnipro,
Donets 'k, Black Sea, Crimea. The proposed view of
zoning for recreational purposes is quite successful.
The scheme proposed by the author is aimed at
coordinating the development of the recreational
economy with other sectors of the national economy.

and Melitopol
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The scheme of geospatial organization of recreational
economy of Stafiychuk V.I. is designed to ensure
the optimal functioning of recreational systems. The
defined network of socio-geographical areas most
successfully reproduces the territorial differentiation
of recreational potential of Ukraine, as administrative
areas that fall within public areas are characterized
by common features of the current state of the resort
economy, development programs, trends and patterns
of recreational development. recreational resources
(Stafiychuk, 20006).

Maslyak P.O. in the work ‘“Recreational
Geography” (Maslyak, 2008) proposed an alternative
scheme of recreational zoning, where on the basis of
ethnographic, recreational, physical-geographical and
socio-economic features and within the administrative
division of Ukraine distinguishes the following
recreational areas:

1) Southern recreational area, which includes
in its territorial structure the coastal territories of
Odessa, Mykolaiv, Kherson, Zaporizhzhia and
Donetsk regions, coastal and mountainous parts of the
Crimea. The southern recreational area subordinates 3
subdistricts: Western, Crimean, Eastern.

2) Carpathian recreational area, includes the
territories of Lviv, Ivano-Frankivsk, Zakarpattia
and Chernivtsi regions. The Carpathian recreational
area subordinates 3 recreational subdistricts:
Precarpathians, Carpathians, Transcarpathia.

3) Polissya recreational area covers the northern
part of Ukraine.

4) Right-bank upland forest-steppe recreational
area, which in ethnographic terms includes Podillya,
part of Volyn' and Kyiv region.

5) Left-bank forest-steppe recreational area,
which according to the natural landscape is divided
into the Dnipro lowland with the Poltava plateau and
spurs of the Central European Upland in Kharkiv and
Sumy regions.

The steppe recreation area covers the territory
from the south of the border with Moldova and to the
east to the border with Russia.

In 2008, Pokolodna M.M. proposed a scheme of
tourism and recreational zoning of Ukraine. Tourism
and recreational zoning was carried out taking into
account the following features:

- the degree of development of the recreational
industry in the area;

- the nature of tourism specialization;

-thelevel of tourism and recreational development
of the territory;

- common perspective development of the
district;

- combinations of tourist resources;

- intensity of tourist flows.

The result of the division were 6 tourist and
recreational areas, namely, Carpathian, Polissya-
Podols’k, Dnieper, Donetsk-Slobozhans’k, Black
Sea, Crimean). This zoning of the territory of Ukraine
differs in that the boundaries of taxa correspond to
the boundaries of territorial-administrative units and,
thus, unite the administrative entities of Ukraine
(Pokolodna, 2008).

Conclusion

The analysis indicates significant differences
in the methodological basis of taxonomization and
separation of recreational territorial units. As a rule,
in world practice, formal approaches to the allocation
of territorial units have been and are being applied
to the implementation of divisions. Territorial
allocations are distinguished in accordance with the
forms of nature management, taking into account
the legal regulations in the field of land use and the
relations of the subjects of natural resources use.
In Ukraine, until recent times, the theory of zoning
prevailed in scientific developments on zoning, and
there was a coordination of resource potentials at the
level of administrative areas (except for individual
developments that coordinated the development of
the recreational sphere with the socio-geographical
division). In contrast to scientific works, applied
engineering and design developments exist in the
form of draft planning schemes and were developed
according to nominal approaches to the construction
of plans and schemes of territorial development in
the field of recreation and tourism. Most of these
schemes are developed in the form of frame models
of recreational and tourism facilities. Recently, given
the strong decentralization reform, cluster analysis
methods have been used to allocate territorial units
for zoning, in accordance with the regulatory rules
in the field of land relations on the ground and the
compliance of local schemes with the territorial
division of the regional and national level. There are
significant differences between sectoral zoning and
territorial planning schemes for the development of
recreation and tourism in Ukraine during the period
of formation and existence of recreational geography,
geography of resorts and tourism. The existing
schemes of recreational and tourism division of the
territory of the country and its separate regions indicate
the confusion of terminology, approaches, standards
and rules for zoning the territory of the country. In
addition, in Ukraine there are sectoral zoning, which
is based on the principles of the theory of zoning,
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however, most sectoral zonings are not compared
and do not correlate. The principles laid down in the
conduct of sectoral recreational and tourism zoning
are not always coordinated with regulations aimed at
regulating the system of spatial planning.

Thus, as a result of the analysis of the existing
work, in the field of typology and taxonomy of
recreational areas, recreational zoning of the territory
of Ukraine, the following conclusions can be made:

- the available results of scientific, scientifically
applied researches indicate a tangible recreational and
tourist potential of our country, which is formed by
all available natural, historical, cultural and socio-
economic resources;

- in fact, for decades of research activities in the
field of recreational and tourism zoning, formed an
information basis for the implementation of the target
cadaster, in particular, the compilation and lists of
discrete tourist and recreational facilities (resorts,
monuments of tangible and intangible cultural
heritage, including those with protection status,
natural monuments and other objects of the NPF),
which are supplemented by attributive descriptions
and specifications, descriptions and recreational and
tourism assessments of integral regional units and
tourism frameworks of territories, etc.;

- in fact, all developments in the field of tourist
and recreational division of Ukraine exist either in
the form of comprehensive zoning schemes with
generalizations on the spatial distribution of individual
resources and differentiation of areas by recreation and
tourism zones or in the form of specialized schemes
of state planning documents on strategic directions of
tourism and recreation / resorts development, etc.;

- existing zoning developments are quite
heterogeneous in the context of generalization of
elements of division schemes (schematic allocations
of taxa or detailed drawing of the spatial-planning
structure of the territory);

- the urgent issue in zoning is the definition
of methodological approaches to harmonize the
elements of the recreational and tourism sphere with
the territorial and economic structure of the country,
as well as the decentralization processes taking place
in all spheres of the country’s activity;

- the results of the analysis allow to emphasize
the urgency of unification of terminology, definition
of methodological approaches for taxonomic
classification and methods of taxon allocation within
the country (its regional units) and harmonization of
other legal aspects of recreational nature, in particular,
land relations in resource use recreation, tourism
and resorts, relations in the field of restoration and
protection of recreational resources, etc.
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Today the issues are: a) formation of recreational,
tourist, sanatorium and resort spaces for the purposes
of efficient and rational use of nature, b) development
of ways of careful use of natural medical and
recreational resources through design of tourism
development zones and resorts, ¢) development of
competitive national tourist product - are solved and
implemented without a single support agreed between
specialists in the field of scientific and engineering of
spatial planning schemes, recreational and tourism
zoning of the territory of Ukraine.
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The green infrastructure within the framework of a compact city concept (by example of Kyiv)

Olena P. Havrylenko, Petro H. Shyshchenko, Yevhen Yu. Tsyhanok

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine, olena.geo@gmail.com

Received: 21.07.2020 Abstract. The goal of the study is to determine the actual areas and the geographical distri-
Received in revised form: 19.12.2021 bution of Urban Green Spaces (UGS) in Kyiv; compile and analyse the ratings of the city
Accepted: 08.02.2021 administrative districts by key UGS indicators and substantiate the level of comfortable

living in each district according to the concept of a green compact city. The goal stems
from the announcement of an official strategy of transforming Kyiv into a comfortable compact city with an attractive green infra-
structure. To achieve this goal, we have calculated a number of major indicators of the modern green infrastructure of Kyiv in all ten
city districts. According to the method we developed, we analysed the drawings of the urban development master plan and regulatory
documents, and conducted a field survey of significant UGS sites in Kyiv. The data obtained were used to make a UGS map of Kyiv
and other thematic maps. For the most accurate calculation of key UGS indicators, we processed several thousand contours in Kyiv’s
cartographic base. The sizes of Urban Protected Areas (UPA) were found separately, and their share in the total city territory and of
each district (Conservation Coefficients) was determined. In so doing, UPA distribution was found to be very irregular, with a total area
of 174.9 km?, or about 21.2% of that of Ukraine’s capital. We analysed the ratio of the city population and the areas of green spaces in
each Kyiv district. To identify districts with a different UGS coverage, we calculated the Greenness Coefficients (GC) and compiled
a rating of Kyiv districts by their level of greenness, using the Greenness Coefficients Index. Significant GC variations in different
city districts were substantiated. In contrast to previous studies, we calculated the provision of Kyiv residents with green zones of not
merely common usage, but also with those of all other kinds, including UPA. We also calculated the Green space provision per person
and compiled ratings of Kyiv districts by the Green Space Provision Index. The results were presented on a relevant map. Based on
calculating the share of protected areas in the total UGS area, we found the ratings of Kyiv districts by the Green space legally protected
Index. Wherein, we found significant variations among the districts by the ratio of protected areas and green spaces deprived of any
legal protection. This increases their vulnerability to projected development attempts. We calculated the Integral Green Space Index
(GSI) based on processing all significant UGS indicators of Kyiv. GSI allows for an integral assessment of the condition of the Urban
Green Infrastructure (UGI) in Kyiv, and it is the key criterion of its compliance with modern requirements to an ideal compact city.
Holosiivskyi District received the highest GSI rating. It is uniformly replete with UGS, which are provided for quality recreation and, at
the same time, are protected by environmental legislation. Solomianskyi District received the lowest rating, and almost all the elements
of'its existing UGI require a cardinal optimisation. As a whole, the indicators we calculated can create an illusion of adequate provision
of Kyiv with UGS. Actually, they are distributed very irregularly in the majority of districts. The results of our study are indicative of
the presence of many challenging locations that require an extension of existing UGS and the development of new ones pursuant to
the principles of compact city planning. Since UGI planning depends on the implementation of the Urban Development Master Plan,
it makes sense to include the Green Space Index to the key indicators of the Kyiv Development Strategy. The draft new City General
Plan should also be refined with account of the above-mentioned problems.

Keywords: Urban Green Spaces, Urban Green Infrastructure, compact city conception, green space provision per person, Green Space
Index, rating of Kyiv districts

3esieHa iHgpacTpyKTypa B paMKax KOHIENUII KOMIIAKTHOIO MicTa (Ha npukiaaai Kuesa)

O. I1. T'aBputenko, I1. I'. umenxko, €. FO. [{uranox
Kuiscokuti nayionanvruil yHisepcumem imeni Tapaca Lllesuenxa, Kuis, Ykpaina, olena.geo@gmail.com

AHoTanisi. MeTa 1ocipkeHHs — 3°sICyBaTH pealibHi MJIOIII Ta TeorpadiuHuii po3noaia Mickkux 3eneHux 30H (M33) Kuesa, ckiactu
1 poaHasi3yBaTH PEUTHHIH aMiHICTPAaTHBHUX PaliOHIB 32 OCHOBHHMH iHJHMKaTopamu M33 Ta oOrpyHTYBaTH piBeHb KOM(OPTHOCTI
NPOXUBAHHS y KO)KHOMY 3 HHX BIAINOBIZHO J0 KOHLEII{ KOMIIAKTHOTO 3€J€HOro MicTa. AKTyalbHICTh JOCHIPKEHHS MOB’s3aHa 3
odiuiitHuM nporoJomeHHsM nepexony Kuesa 10 HOBOI cTpaterii po3BUTKY B paMKaxX KOHLEILiT KOMITAKTHOTO MiCTa 3 IPUBAOINBOIO
3eJeHO0 iH(pacTpykTyporo. B mporieci BAKOHAHHS MMOCTABICHOI METH PO3PaXOBaHO HU3KY BAXKIHBHX MOKA3HHKIB CYy4acHOT 3€1eHOT
indpacTpykrypu Kuesa, sixi B pi3HHX pailoHax MicTa icTOTHO Bifpi3useTbcs. [IpoaHani3oBaHO KPECICHHS JAil0Y0ro i MPOEKTOBAHOTO
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I'enepanbHUX IUIAHIB MiCTa, HOPMATHBHI JJOKYMEHTH, IPOBEAEHO HaTypHe oOcTexeHHs Bu3HauHuX M33 Kuesa. Ha ocHOBI oTprmManux
JTAHUX CTBOPEHO HHU3KY TeMaTHYHUX KapT. OKpeMO BU3HAYEHO ILIONII MiChKUX MpupomooxopoHHux Teputopii (ITOT) Ta po3paxoBano
X YacTKy B 3arajbHiil miomyi micta i paiioHiB (xoediumientn 3anosinHocti). [TIOT 3aranpHOmEpKaBHOTO i MICIEBOTO 3HAYEHHS
PO3MOIIEHI MICTOM JiyXKe HEPIBHOMIPHO, a iX 3arajibHa IJIoma cTaHoBUTh 174,9 kMm%, abo maiike 21,2% cromuni Yipainu. Takox
BcraHoBieHo yacTky [1OT y ckmai 3eneHnx 30H pi3HOTO MpU3HAuYeHHs Ta 00IPYHTOBAHO 3HAYHI BiMiHHOCTI paiioHiB KueBa 3a piBHeM
3aXHIICHOCTI 1X 3eJICHUX HACA[KEHb. 3’SICOBAHO CITiBBITHOIICHHS YHCEIBHOCTI HACCIICHHS 1 TUIOIIII 3€JICHUX 30H BCIX BUJIIB Y KOXKHOMY
paiioni Kuera. Jlmst inentudikaii paiioHiB 3 pi3HUM OXOIUIeHHsIM M33 BUKOPHCTAHO KOS(IIiEHTH 03€TICHEHHS, 32 IKHMH B KOYKHOMY
palioHi BU3HAa4YeHO BiANOBIiAHI iHAekcH. Ha OCHOBI OTpUMaHMX pe3ynbTaTiB CKIaAeHO peUTHHT paiioHiB Kuesa 3a piBHEM 03eIeHEeHHS.
Takox oIiHeHO 3a0e3neueHicTh KOKHOTO MeIIKaHIsl KrueBa 3eeHuMI 30HaMH He JINIIE 3arajlbHOr0 KOPUCTYBaHHS, ajie i yCiX 1HIINX
BuniB, BKmodaroun [1OT. [licist omparfoBaHHs BCiX 3HAUYIIMX 1HAMKATOPiB BH3HAYEHO IHTErpasibHUI iHIeKe 3eneHux 30H (I133) sk
TOJIOBHMH KpHTepii BianmoBigHocTi Knesa ta Horo okpeMux pailoHIB Cy4acCHUM BUMOTaM JI0 KOMITAaKTHOTO 3ejieHoro Micta. Ha ocHOBI
I[bOTO CKJIAJICHO PEHTHHI palioOHIB, 3a SIKMM Iepiie Micue nociB [onociiBechkuii paiton, HaWO1IbII PIBHOMIPHO HACHUCHHUH 3€JIEHIMHI
30HAMH, OUTBIIICTD 3 SKHX OXOPOHSIOTHCS 3aKOHOM. HaitHmxumii peiituHr mae CoJjoM’SHCBKHU paiioH, SIKMI 3HAYHO BijJCTae Bij
peLITH paiioHIiB 3a yciMa po3paxoBaHUMH ITOKa3HHKAaMH i TOMY HOTpeOye KapANHAIEHOTO OHOBJIGHHS Maiike BCi€l iCHYI0UOi 3e1eHol
iHQpacTpyKTypu. Pe3ynbraTi 10CTiIKEHHS IEBHOK MipOIO CIPOCTOBYIOTh YSABICHHS PO JOCTATHIO 3a0e3neueHicTh Kuena 3eneHnMu
30HAMHM Ta iX 3axMIleHicTb. HaBeqeHi po3paxyHKH CBiA4aTh PO HEOOXIMHICTh PO3IMIMPEHHS iCHYIOYHMX i CTBOpEeHHs HOBMX M33 B
0arathoX MPOOIEMHHUX JIOKALISAX BiMOBIIHO J0 MPUHIIKIIIB TNIAHYBAHHSI KOMIIAKTHOTO MiCTa.

Kniouosi cnosa: micoki 3eneHi 30HU, MICbKA 3eleHa THpacmpykmypa, KOHYenyis KOMRAKMHO20 MICma, 3a0e3neueHicmy 3eleHUMU

30HAMU HA TI0OUHY, THOEKC 3eleHuX 30H, peiumuHne pationie Kueea

Introduction

In the end of the past century, the concept of city
sprawl lost its standing and even became an obstacle
to sustainable urban development, with discussions
still being held. The concepts that are being gradually
transformed into a policy of developing green compact
cities have got a growing support worldwide. In 2018,
roughly 55.3% of the world population (4.22 billion
people) lived in urban localities. Of these, 1.7 billion
people (23% of the world population) lived in million-
plus cities. By 2030, the expected urban population
will grow to 60%, with every third person living in a
city with a population of at least a half of a million (The
World’s Cities in 2018). Cities account for roughly
70% of global carbon dioxide gas emission and for
the highest concentration of atmospheric pollution
and waste. Twenty-seven world metropolitan cities,
with a population of over 10 million, produce 12%
of the world waste (Gongalves, 2018). Urbanisation
results in depletion and degradation of ecosystems,
a declining resistance to climate changes, and a
loss of substantial ecosystem services in cities and
around them. The adverse consequences of prolonged
urbanisation are more pronounced in countries with
a low level of economic development and with no
strategic planning of urban land usage.

The result of intense search for a model of sus-
tainable urban planning was the green compact city
— the ideal one preferred worldwide. It is character-
ised by closeness, mixed land usage and an attractive
green infrastructure. In this case, the significance of
urban greening increases considerably, and it be-
comes a resource for urban development. This means
that the natural components of a city become its in-
tegral part, capable of overcoming the contradictions
and conflicts among all other components, rather than

276

simply being a compensation for the technogenic con-
sequences of urbanisation. Green space is a funda-
mental part of sustainable city development. It facili-
tates air cleaning, climate control, and improvement
of landscape quality (Tappert et al., 2018).

Until recent times, cities worldwide were urban-
ised without account for such indicators as air pol-
lution, CO, emission, acoustic pollution, and green
zones. Currently, they are the priority factors and an
essential part of integrated strategies of urban plan-
ning. Green urban zones (Pardo, 2019) are valuable
assets that are instrumental in reducing healthcare
costs, mitigating climate changes, and increasing land
productivity and energy effectiveness. Protected ar-
eas in big cities, irrespective of the adverse impact
of urbanisation on their biodiversity, enjoy certain ad-
vantages of their management, in particular, access to
political power centres and state financing (McNeely,
2001). In this case, parks, woodlands and other natu-
ral territories within city boundaries can be the drivers
of urbanisation by attracting population and stimulat-
ing housing development around them (Brambilla &
Ronchi, 2016).

Urban Green Space (UGS) usually includes all
the green space within city boundaries (forests, parks,
private orchards, trees and bushes along railway
tracks, and so on) irrespective of the form of own-
ership. The provision of city residents with UGS is
usually assessed by several indicators, the key ones
are UGS availability, accessibility and attractiveness.
Various variants of UGS usage are most often linked
to their management features, economic constraints,
spatial planning, legal and social norms, and pref-
erences of the residents (Biernacka & Kronenberg,
2019). One of the major practical aspects of UGS de-
velopment is not the achievement of a particular in-
dicator per capita, but rather the development of dif-
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ferent models of green city planning. Limited areas
for greenery call for the development of alternative
concepts of modern city planning, in particular, the
Urban Green Infrastructure (UGI), nature-based so-
lutions, biophilic urbanism (e.g., Singapore), sponge
cities (Shanghai in China), forest cities, edible green
infrastructure, eco-urbanism and landscape urbanism
(Russo & Cirella, 2018).

The main goal of the policy of sustainable devel-
opment of a compact city is the protection of the ur-
ban environment from inevitable degradation in case
of urban sprawl. A high quality of living in compact
cities can be ensured by development densification
with simultaneous preservation of greenery within
residential districts and the city as a whole. Account-
ing for the contradictions between the need of com-
pact development, on the one hand, and preservation
of green zones, on the other hand, the landscape plan-
ning of such cities uses the concepts of ecosystem ser-
vices and a green infrastructure. An important princi-
ple of planning the UGI of a compact city is its overall
integration into the “grey” infrastructure, i.e. housing
or other development, roads, utility services, and so
on (Artmann et al., 2017). In the event of insufficient
greenery, city residents will experience a substantial
curtailment of important ecosystem services. Hence,
the underpinning of planning green compact cities
should be the integration of the concepts of reason-
able growth and the urban green infrastructure (Art-
mann et al., 2019).

Successful implementation of the compact city
concept involves an integrated approach to sustain-
able development, i.e. achieving a trade-off between
development densification and the quantitative and
qualitative greening of city districts. The goal of de-
velopment densification is to counteract the adverse
consequences of urban sprawl under conditions of
ineffective land management. In particular, loss of
green spaces due to urban development concentra-
tion can be compensated by improving the quality of
plantation (Haaland & Bosch, 2015). Urban sprawl
will inevitably lead to a growing demand in such eco-
system services as clean air and the opportunity of
outdoor recreation because presently these services
are provided largely by suburban green zones (Baro
et al., 2016).

Nowadays, cities worldwide are investing more
and more funds in the UGI. An example of an ideal
compact city is Ljubljana, Slovenia. It was the winner
of the European Green Capital nomination of 2016.
The city has 542 m*> UGS per resident. Over 46% of
the city’s territory is covered with natural forests, and
all the UGS covers 75% of the city total area (Lju-
bljana — winner 2016 European Green Capital, 2016).

The Portuguese capital Lisbon has become the Green
Capital of Europe of 2020, focusing on creating an
UGI and associated greenery chains. In Lisbon, 76%
of the residents live within 300-metre access to UGS
(European Commission: Lisbon is the 2020 European
Green Capital Award winner). Urban forests are the
basis of the UGI, and they improve the environmen-
tal footprint of a city. Apart from woodlands, urban
forests include city and district parks, private green-
ery, groups of trees and separately standing trees in
squares, sports grounds, parking spaces, streets, and so
on. With proper management, forests facilitate an in-
creasing resilience of city landscapes. The ecosystem
approach to their management is focused to maximis-
ing carbon capture from the atmosphere (Salbitano et
al., 2016). For instance, London’s UGI includes over
1.5 million trees and bushes in parks, gardens, forests
and open spaces, which provide the residents with im-
portant ecosystem services. The cost of these services
within city boundaries is estimated at about 60 million
pounds sterling annually (Rogers et al., 2015).

The majority studies’ results demonstrate that
the distribution of greenery is closely linked to the
geographic location and the city’s historical develop-
ment. With no single method for determining popu-
lation provision with UGS, a variety of indicators is
used, and their number is increasing (Le Texier et al.,
2018). UGS is an important part of the public space
of a city and often it is the only opportunity for urban
residents to have accessible daily contact with the na-
ture. Planning the UGI is still a relatively new instru-
ment of the European Union’s policy, whereas it has
just started to originate in Ukraine. Studies dedicated
to modern approaches to urban environment greening
are also scarce. In practice, neither the UGS concept,
nor the UGI are used. The current classification of
greenery also fails to contribute to implementing ad-
vanced urbanistic concepts (Yukhnovskyi & Zibtseva,
2018). Positive changes have occurred over the past
two years: The First All-Ukrainian Forum “The Green
Infrastructure of Ukraine’s Cities” was held and the
first interactive map for planting trees was presented
in Kyiv.

The purpose of the study is to determine the ac-
tual areas and the geographical distribution of UGS,
analyse the ratings of Kyiv’s administrative districts
by key UGS indicators and substantiate the level of
comfortable living in each of them according to the
results obtained within the framework of the concept
of a compact and green city.

Material and methods

Kyiv was chosen as the subject of the study not
only because it is the capital and the biggest city
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in Ukraine. Kyiv’s territory is confined to the strip
of contact of two landscape zones and the Dnipro
River valley. Landscapes of the mixed forest type are
common in the northern, north-western and western
parts of the city. They are predominantly elevated
terrace plains and slopes with turf-podzolic and
turf soils that was formed under pine and oak-pine
forests. The remaining city territory is covered with
landscapes of the broadleaved woodland type. They
are elevated accumulation-denudation loess plains
and slopes with grey and dark-grey soils formed
under fresh oak groves. Kyiv’s left bank is abundant
in old terrace alluvial plains with turf-podzolic soils
formed under dry and fresh coniferous forests. In
the north and south, the city’s territory is traversed
by inundated and insular landscapes with sod and
meadow soils under grass-mixed cereal meadows.

In 2017, Kyiv was acknowledged the greenest
European capital among metropolitan cities with
a population of over 2 million. By the Normalized
Difference Vegetation Index (0.389), Kyiv was far
ahead of Berlin (0.246) that was placed second by the
Capital Greenness rating (Gértner, 2017). However,
since that time, Kyiv has lost its positions because
many green zones were alienated for development.
Due to this, the environmental conditions in the city
have deteriorated considerably. The official policy
of transforming Kyiv to a compact and green city
in practice facilitates the legalisation of chaotic
development.

Kyiv has a special status in the system of the
administrative-territorial structure of Ukraine as
the main political, administrative, scientific, and
cultural and tourist centre. It is the site of central
state government bodies, municipal and regional
administrative bodies, and diplomatic missions of
foreign states. The city has valuable natural landscapes

and an historical-and-cultural legacy of worldwide
significance. An important advantage of the city is
its geostrategic location on the crossroads of major
economic and transport links. At the same time,
uncontrollable development of the city territory leads
to degradation of valuable natural landscapes and
contraction of recreation zones, with the ecological
situation being deteriorating dramatically. Exceeding
the ultimate amounts of available development
resources is creating risks for the preservation of a
comfortable urban environment.

The city is divided into ten administrative
districts, significantly differing in size (Table 1). The
biggest district among them is Holosiyivskyi, and the
smallest one is the Pecherskyi district (Fig. 1). Kyiv’s
permanently settled population as of 01.03.2020 was
2.925.700 and the actual population is 2.966.900
(Ofitsiinyi sait Holovnoho upravlinnia statystyky
u m. Kyievi, 2020). Solomianskyi district has the
biggest permanent population and Pecherskyi district
has the smallest one. The average population density
in Solomianskyi district is roughly six times higher
than that in the least populated Holosiyivskyi district
(Fig. 2). These indicators are extremely important
for determining the provision of residents with UGS,
which significantly varies in different districts of the
city.

The algorithm of our study consists of a chain
of consecutive actions focused to achieving the goal
(Fig. 3). We analysed the drawings of the effective
Kyiv Development Master Plan and the one being
elaborated, the regulatory documents of the Kyiv City
Council, the registries of public recreation zones,
OpenStreetMap (OSM) and Google Map geospatial
data, and conducted a field survey of significant
UGS sites in Kyiv. This helped create a UGS map
of Kyiv, other supplemental maps and fill them with

Table 1. Territorial and demographic indicators of Kyiv and administrative districts (as of 1.03.2020)

Districts of Kyiv Area, km? Population, persons | Average population density, persons per k™2

Holosiivskyi 155.59 252.553 1.623

Desnianskyi 141.396 366.624 2.592 Low
Darnytskyi 127.846 340.928 2.667

Obolonskyi 108.484 316.299 2915

Sviatoshynskyi 102.455 336.787 3.287 Medium
Dniprovskyi 68.678 356.982 5.198 High
Podilskyi 34.555 204.871 5.929

Pecherskyi 19.77 158.468 8.016

Shevchenkivskyi 26.11 210.959 8.079 Very high
Solomianskyi 40.579 381.218 9.394

Kyiv (total) 825.463 2.925.689 3.544
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Fig. 1. Administrative districts of the Kyiv city

relevant content. When creating the maps, all the
thematic layers of spatial data were uploaded into the
QGIS environment reduced to a unique cartographic
projection. Thisisrequired for correct representation of
topological data and accurate calculation of attributive
characteristics. The result of overlay analysis was
the creation of a polygonal shapefile containing the
contours of all UGS within city boundaries, including
the territories and sites of the nature reserve fund of
statewide and local significance.

Having obtained the cartographic base of Kyiv
UGS, wecalculated theactual geometric characteristics

Fig. 2. Population density in the Kyiv city

of the UGS using a Field calculator. Using the
collation maps method, this enabled compiling a series
of thematic maps with representation of key UGI
indicators. The information content of these maps was
taken from our own calculations of Kyiv UGS and
those of its individual administrative districts.

For the most accurate calculation of key UGS
indicators, Greenness Coefficients, Green Space
Coefficients, the Green space legally protected and
the City Nature Index, we processed 3.548 contours
within Kyiv boundaries. The land area of Urban
Protected Areas (UPA), a part of the city UGS, was

Fig. 3. Research algorithm of the Kyiv Urban Green Infrastructure
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determined separately. For this, we calculated 146
contours of varying size (Table 2). UPA of statewide
and local significance are distributed across the city
very unevenly, with the total area of 174.9 km? or
about 21.2% of Ukraine’s capital area. The main
indicators that represent UPA’s share in the total area
of each district are the Conservation Coefficients.

Table 2. Urban Protected Areas within the Kyiv city

tical significance. Even under the condition of pres-
ence of big areas, UGS can be concentrated only in
one part of a district. Districts with different UGS
covering are identified using Greenness Coefficients
(GC), which characterise the percentage quotient of
dividing the UGS area on the total area of Kyiv dis-
tricts. Then, the Greenness Coefficients Index (GCI)

Districts of Kyiv Area, km? UPA, k™2 Number of | The average area of Conservation
contours the contour, km? Coefficients, %
Solomianskyi 40.579 0.398 6 0.066 0.98
Darnytskyi 127.846 4.007 4 1.002 3.13
Desnianskyi 141.396 4.573 7 0.653 3.23
Dniprovskyi 68.678 5.940 22 0.270 8.65
Shevchenkivskyi 26.110 2.858 23 0.124 10.95
Pecherskyi 19.770 2317 11 0.211 11.72
Podilskyi 34.555 4.149 18 0.231 12.01
Obolonskyi 108.484 31.53 9 3.503 29.06
Holosiivskyi 155.590 64.108 32 2.003 41.20
Sviatoshynskyi 102.455 55.034 14 3.931 53.72
Kyiv (total) 825.463 174914 146 1.198 21.19

We also processed 3.402 contours for determining
the areas of all kinds of UGS with the exception of
protected areas (Table 3). The number of contours
and their average areas vary depending on districts’
areas. The total area of UGS within Kyiv boundaries
is about 277.9 km? In different city districts, the
UGS size varies drastically. In this case, Greenness
Coefficients characterise the UGS share in the entire
territory of the districts. It is calculated by dividing
the total area of each district by the UGS area in this
district, without accounting for the UPA area.

Since UGS are spread across the city very un-
evenly, their geographic location is of important prac-

Table 3. Urban Green Spaces of the Kyiv city (without UPA)

1s found for each district. The reference GCI value for
the city as a whole is taken to be a unit, and the GCI
of each district is found from the formula:

GCy
GC,

; (1)

GCId -

where GCI — district GCI, GC, — district GC,
GC, — total city GC.

Then, district ratings by the greenery level are
found. Based on the results obtained, the priority dis-
tricts for planning an expansion or optimisation of the
Kyiv UGI can determined.

Districts of Kyiv Area, km*> | UGS (without | Number of | The average area of | Greenness Coefficients
UPA), km? contours the contour, km? (without UPA), %
Desnianskyi 141.396 91.400 291 0.314 64.64
Darnytskyi 127.846 76.379 396 0.193 59.74
Dniprovskyi 68.678 26.374 331 0.080 38.40
Obolonskyi 108.484 37.654 413 0.091 34.71
Podilskyi 34.555 6.124 165 0.037 17.72
Solomianskyi 40.579 5.605 432 0.013 13.81
Holosiivskyi 155.590 19.146 461 0.042 12.31
Sviatoshynskyi 102.455 11.069 376 0.029 10.80
Shevchenkivskyi 26.110 2.380 349 0.007 9.12
Pecherskyi 19.770 1.751 188 0.009 8.86
Kyiv (total) 825.463 277.882 3,402 0.082 33.66
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The green space provision per a person (GSPP)
characterises the ratio of the number of population
and the areas of UGS of all kinds in each Kyiv dis-
trict. This indicator is the quotient of dividing the dis-
trict UGS area on the permanent number of residents
in the same district. Likewise, having accepted the
GSPP value as a basic one for the city as a whole,
the formula (2) is used to calculate the Green Space
Provision Index (GSPI) for each district:

GSPP,
GSPP,

where GSPI, — district GSPI; GSPP, — district
GSPP; GSPP_— total city GSPP.

Green space legally protected (GSLP) charac-
terises the ratio of available UPA and the total UGS
area in different Kyiv districts. GSLP is the percent-
age quotient of dividing UPA on the total UGS area
of a district. Next, the Green space legally protected
Index (GSLPI) is found for each district. The refer-
ence GSLPI value in the districts is accepted to be this
index for the city as a whole. Then GSLPI for each
district is found from the formula:

GSLP,
GSLP,

where GSLPI, — district GSLPI; GSLP - district
GSLP; GSLP_ — total city GSLP.

Having processed all significant indicators, the
integral Green Space Index (GSI) is determined as the
key criterion of compliance of Kyiv and of all of its
districts with current requirements to a compact and
green city. It directly affects the level of comfortable
living in the city and in its separate districts. The GSI
for each district is found from the formula:

GSIy = GCI;+GSPI,+GSLPL;,  (4)

where GSI — district GSI; GCI | — district GCI;
GSPI — district GSPI; GSLPI, — district GSLPL

2)

GSPId =

GSLPI, = 3)

Results and their analysis

According to the Goals of sustainable
development in Ukraine, one of the tasks of the goal
11 is providing overall access to urban green zones
open to all residents (Sustainable Development Goals
in Ukraine, 2016). One of the five key priorities of
the Kyiv Development Strategy up to 2025 is an
environmentally clean and green city. The latest
version of the Strategy has an updated life comfort
index with the following indicators: emission of
pollutants to the atmosphere, share of disposed
waste in their total volume, area of nature reserve
lands and provision of residents with green zones of

common usage. However, the weight coefficient of
the “Eco policy and environmental control” sector
in the calculation of the life comfort index is merely
7% (The Kyiv Development Strategy Until 2025
new version, 2018). The condition of Kyiv’s green
zones and their spatial distribution depends directly
on the implementation of the Urban Development
Master Plan. Starting from 1958, when Kyiv became
a million-plus city, its annual residential growth
exceeded 50.000. This made the city a powerful
industrial and scientific centre. The most balanced
planning document in Kyiv’s history was the Master
Plan of 1967, according to which urban development
was about equally allocated to both Dnipro banks.
The last draft Master Plan of Soviet times was not
implemented because of the Chernobyl NPP nuclear
accident in 1986. It provided for abandoning the
concept of the radial-ring urban structure and
expanding the city boundaries extensively to the north
and south (Palekha, 2017).

After Ukraine had gained independence, the
drafting of a new quality Kyiv Development Master
Plan continued for ten years. At the time of its ap-
proval in 2002, the city area was 835.5 km?, including
a development area of 339.3 km? (40.6%). The Master
Plan provided for increasing the greenery area of com-
mon use by 232.000 ha — from 529.000 to 761.000.
Accordingly, its provision for residents had to grow
from 20.3 to 28.7 m?*/person in 2020 (Heneralnyi plan
mista Kyieva na period do 2020 r. Osnovni polozhen-
nia, 2001). However, during less than ten years, this
indicator dropped to 18.5 m?/person (at a norm of 20
m?*person). Big greenery zone areas were destroyed
for housing development, thereby having curbed the
opportunity of developing a compact urban planning
structure. Failing to meet many planning indicators
and the many violations of Master Plan 2020 stimu-
lated the initiation of a qualitatively other strategy of
the capital’s spatial development. The chief goal of
elaborating a new version of the Master Plan, among
other things, was to create a comfortable and safe ur-
ban environment. If earlier Kyiv was actively incor-
porating suburban territories, then now the city’s area
had to remain unchanging. This meant that “compact-
ness” was to be the underpinning of the principles of
sustainable development of the capital. In the new
version of the Master Plan, increasing the popula-
tion’s provision with greenery was planned more pru-
dently — from 18.5 to 23.5 m?/person in 15-20 years
(Heneralnyi plan mista Kyieva. Osnovni polozhennia,
2015).

Presently, a new draft of the Kyiv Development
Master Plan up to 2040 has been worked out. It has
been officially disclosed to the public for discussion.
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The draft plan envisages to finally abandon a sub-
stantial expansion of the city by incorporating sur-
rounding inhabited localities, and to focus efforts on
developing a comfortable compact city based on its
resources and potential. By 2040, the plan is to in-
crease UGS areas of common use by 23.000 ha and
create 36 new parks and 17 buffer parks, predomi-
nantly in new residential districts. The planning also
provides for adding eleven new sites to the existing
nature reserve fund (NRF) and expand the territory
of the Holosiyivskyi National Natural Park (NNP)
to 126.000 ha (Ofitsiinyi sait komunalnoi orhanizat-
sii «Kyivhenplan». Proiekt Heneralnoho planu mista
Kyieva, 2020). However, some experts perceive the
new project as an attempt to legalise the many new
developments and the detailed plans of territories ap-
proved in disregard for the Master Plan in effect (Ti-
tamyr, 2020). Therefore, before submitting the draft
plan for appraisal, prior to its final approval by the
Kyiv City Council, it must be reviewed thoroughly.
Since 2005, the Kyiv City Council has been
trying to come to a suitable decision on determining
the city planning parameters for the formation,
functioning and development of an UGS chain. First,
a five-year Program of development of the Kyiv green
zone was approved and then it was prolonged three
times, without ever being executed in full scope. The
key tasks of this Program included an inventory of
all UGS within city boundaries and a prolongation of
the moratorium on alienation of land plots from the
territory of the city’s green structure. The Program has
not been executed to date and the inventory has yet
again been prolonged. Common use of UGS in Kyiv
include five categories: recreation and entertainment
parks, recreation parks, specialty parks, public
gardens, and boulevards. In 2018, most parks were

located in the Holosiyivskyi (23%) and Dniprovskyi
(20%) districts of Kyiv. The smallest number of parks
was in the Sviatoshynskyi (3%) and the Podilskyi
(1%) districts (Vakulyk, 2018).

The effective Program of ecological well-being
of Kyiv for 2019-2021 provides the increasing of the
provision of common use of UGS from 22.0 to 23.5
m?*person (Ofitsiinyi veb-sait Kyivskoi miskoi rady.
Pro zatverdzhennia Kompleksnoi miskoi tsilovoi
prohramy ekolohichnoho blahopoluchchia mista
Kyieva na 2019-2021 roky, 2018). This document
states that the area of all kinds of UGS is 565.000
ha, or 67.4% of the city’s territory (Table 4). 216.000
ha of it are located within urban development
limits. The UGS structure includes 111 parks, 466
public gardens, 59 boulevards and 326.000 ha of
urban forest, the territory of which has thirty-seven
recreation zones. However, these data turned out to be
significantly overstated as compared to the draft Kyiv
Development Master Plan data and the indicators that
we have calculated in this study.

New state building standards (SBS) were put into
effect in Ukraine in 2019. They envisage imposing
restrictions on development in green, landscape
and recreation zones. “Green lines” should help in
determining the areas of all common use of UGS,
recreation woods and urban forests, and of NRF
sites. In other words, local self-administration bodies
should approve the green lines in the master plans of
inhabited localities and detailed plans of territories.
The structure of common use UGS area, including big
parks with an area of over 100 ha and urban forests
with an area of over 500 ha, should involve no less
than 10% of the total UGS area. The time of transport
access to city parks should be within 20 minutes, and
to those of district ones, no more than 15 minutes

Table 4. Distribution of green spaces by districts of Kyiv (as of 2018)

Districts of Kyiv Green spaces area, ha

Parks Small parks | Boulevards | Prospectuses | Squares | Streets Others
Holosiivskyi 495.4 46.1 61.7 79.1 27.9 71.4 225.8
Darnytskyi 154.5 39.6 1.5 25.8 5.0 68.8 1,044.0
Desnianskyi 504.7 11.4 3.2 27.3 - 73.6 517.4
Dniprovskyi 483.2 30.3 27.0 14.9 1.5 459 52.6
Obolonskyi 177.5 117.7 12.8 20.9 - 125.7 100.7
Pecherskyi 211.2 7.2 14.2 - 1.5 59.0 53.7
Podilskyi 173.5 25.6 2.3 18.6 - 50.3 566.1
Sviatoshynskyi 60.3 51.7 13.1 37.3 - 131.6 441.4
Solomianskyi 180.6 53.3 11.3 18.2 - 86.7 205.9
Shevchenkivskyi 379.2 41.7 7.2 2.6 - 93.0 32.8
Kyiv (total) 2,820,1 424.6 154.3 244.7 35.9 806.0 3,240.4

Source: Ofitsiinyi veb-sait Kyivskoi miskoi rady. Pro zatverdzhennia Kompleksnoi miskoi tsilovoi prohramy ekolohichnoho blahopoluchchia mista
Kyieva na 2019-2021 roky, 2018
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(Derzhavni budivelni normy Ukrainy. Planuvannia ta
zabudova terytorii, 2019).

For a detailed analysis of the current condition
of UGS in Kyiv and its separate districts, we plot-
ted on the map all the UGS within city boundaries,
irrespective of the form of their ownership (Fig. 4).
This helped calculate the total UGS area, which is
452.8 km?, or 54.8% of the entire city territory. We
also determined UGS areas and calculated the Green-
ness Coefficients for each of the ten capital districts
(Table 5). As a result, the Greenery level leaders are

Fig. 4. Urban Green Spaces of the Kyiv city

the Desnianskyi (67.9%), Sviatoshynskyi (64.5%),
Obolonskyi (63.8%) and Darnytskyi (62.9%) districts
of Kyiv. The smallest greenery level is found in the
densely populated Solomianskyi district where the
UGS covers only 14.8% of its territory (Fig. 5).

The primacy of Desnianskyi district by the
Greenness Coefficients Index is due to the presence
on its territory of eleven recreation and entertainment
parks, over thirty public gardens and a big urban forest.
The biggest and the best known one is Muromets

Park, with an area of 219.4 ha, located on the Dnipro
islands among bedroom communities. Sviatoshynskyi
district was the runner up by this rating owing to
the Sviatoshynsko-Bilychanskyi urban forest. It is
the northern branch of the single in Ukraine urban
Holosiyivskyi NNP. Obolonskyi district, third by the
GCI rating, is the site of the Pushcha-Vodytsia oak-
pine forest, part of which has the status of a reserve
of statewide significance. Darnytskyi district was the
fourth in the ratings of districts by the greenery level,
and it is one of the oldest and biggest districts in Kyiv.

On one side, it is surrounded by a forest, and on the
other one, it flanks the Dnipro River. The district has
five big parks and the Osokorkivski Luky landscape
reserve with an area of 148 ha and unique wetlands.
At the same time, Darnytskyi district is distinct from
other ones by the presence of densely developed
residential blocks and industrial enterprises, in
particular, chemical and pharmaceutical ones, which
results in its substantial environmental degradation as
a whole.
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As expected, Solomianskyi district had the low-
est GCI, with the main UGS being concentrated in its
southern part. The biggest UGS is the Pronivshchyna
stow located in the upper reach of the Sovka River.
This historical locality has been preserved in a natural
ravine, the greater part of which has been developed.
In addition, Solomianskyi district is the most densely
populated one in Kyiv.

A somewhat different rating of Kyiv districts was
found by the Green Space Provision Index. It was
calculated with account of UGS of all kinds, includ-
ing urban forests and UPA in each district (Table 5).
Population figures were taken from the official web-
site of the Chief Statistics Department in Kyiv. Ho-

of Ukraine (TRBU). The most common TRBU spe-
cies are Lilium martagon L., Carex umbrosa Host,
Epipactis helleborine (L.) Crantz, Neottia nidus-avis
(L.) Rich) (Pryadko et al, 2014). Besides, the Svia-
toshynskyi urban forest, with an area of 240 ha, is lo-
cated in the Sviatoshynskyi district.

As expected, Holosiyivskyi district was the run-
ner up by the GSLPI rating because the share of pro-
tected areas in its UGS structure is 77%. Four of the
five branches of the Holosiyivskyi NNP are located
in this district: the Lisnyky stow, the Bychok stow,
the Teremky stow and the Holosiyivskyi Forest with
the total area of 4.525.52 ha. There are rare species
included in TRBU and the IUCN Red List, such as

Table 5. Main indicators and ratings (R) of Urban Green Spaces in the Kyiv city

Districts of Kyiv. (UGS ,|G C,|GCI |[R |GSPP,|GSPI |R |GSLP,|GSLPI |[R |CGSI |R
km? % sqm/pp %

Holosiivskyi 83.254 5351 [098|5 |329.65 213 |1 |77.0 1.99 2 1510 |1
Darnytskyi 80.386 [62.88 | 1.15|4 |235.79 1.52 |3 [498 0.13 9 280 |5
Desnianskyi 95973 16788 | 1241 |[261.78 1.69 |2 |4.76 0.12 10 |3.05 |4
Dniprovskyi 32314 |47.05 | 0.86|6 |90.52 0.58 |6 |[18.38 |0.48 7 (192 |8
Obolonskyi 69.184 |63.77 | 1.16|3 |218.73 141 |4 [4557 |1.18 5 1376 |3
Pecherskyi 4.068 20.58 | 0.38|8 |25.67 0.17 |8 [5696 |1.47 3 12.02 |6
Podilskyi 10.273  [29.73 | 0.54 |7 |50.14 032 |7 14039 |1.05 6 [191 |9
Sviatoshynskyi 66.103 | 64.52 | 1.18 |2 [196.28 1.27 |5 [83.25 |2.16 1 [4.60 |2
Solomianskyi 6.003 1479 |1 0.27]10 | 15.75 0.10 |10 |6.63 0.17 8 1054 |10
Shevchenkivskyi | 5.238 20.06 | 0379 |24.83 0.16 |9 |54.56 |1.41 4 1194 |7
Kyiv (total) 452.796 |54.85 | 1.00 154.77 1.00 38.63 | 1.00 3.00

losiyivskyi district has the biggest GSPP (329.65 sqm
per a person) because it has the biggest area and the
smallest population (Fig. 6). Desnianskyi district was
the runner up where each resident is provided, on the
average, with 261.78 sqm of green spaces. Darnytskyi
district was the third with an index of 235.79 sqm per
a person. Obolonskyi district, with the fourth rating,
also has a high index. Solomianskyi district has the
lowest rating (15.75 sqm per a person), with the dens-
est population and an area about four times smaller
than that of the Holosiyivskyi district. Hence, the
GSPP in the Solomianskyi district is smaller by more
than twenty times.

Sviatoshynskyi district is the undisputable lead-
er among Kyiv districts by the Green Space Legally
Protected Index. Its protected areas occupy 83.25% of
all UGS. It locates the Sviatoshynskyi-Bilychanskyi
woodland with an area of 6.463 ha. Since 2014, it
has the status of a national natural park of statewide
significance. The predominant greenery comprises lu-
cent oak groves, oak-pine and pine forests including
many valuable plant species listed in The Red Book
284

the common snowdrop (Galanthus nivalis L., 1753),
the two-leaf squill (Scilla bifolia L., 1753), the vio-
let helleborine (Epipactis purpurata Sm., 1828), the
broad-leaved helleborine (Epipactis helleborine (L.)
Crantz, 1769), the martagon lily (Lilium martagon
L., 1753), etc. (Onyshchenko et al., 2016). The small-
est GSLP share belongs to the Darnytskyi (4.98%)
and Desnianskyi (4.76%) districts located on Kyiv’s
left bank. Among right-bank districts, the last place
in the rating belongs to Solomianskyi district with a
GSLP of 6.63%. In other words, in three Kyiv dis-
tricts, the UPA share is less than 7% of the total UGS
area. This dramatically downplays the perspectives of
preserving the natural component of urban landscapes
in these districts and worsens their attractiveness in
terms of living comfort.

By summarising the processed ratings, we can
calculate the integral Green Space Index, allowing for
an integrated evaluation of the UGI in all ten Kyiv
districts. As evident from Table 5, Holosiyivskyi dis-
trict received the highest GSI (5.1) and the runner up
was Sviatoshynskyi district. Both these districts are
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Fig. 5. Greenery levels of Kyiv districts

more or less uniformly covered with UGS, which
have been developed for quality recreation and, at the
same time, are protected by nature conservation laws.
A significant share of UGS is located at a 15-minute
walking distance from residential communities. Of
course, there are certain discrepancies in the provi-
sion of UGS for local residents in separate residen-
tial districts. Over the previous decade, Holosiyivskyi
district is the place where many new housing com-
plexes with dense development and insufficiently de-
veloped street greenery are located. Sviatoshynskyi
district has a shortage of UGS in some locations in
the Mykil’ska and Pivdenna Borshchahivka residen-
tial districts, which are burdened with old housing.
The GSI rating of the Obolonskyi, Desnianskyi
and Damytskyi districts was the lowest (from 3.8 to
2.8). Their UGI is fairly developed, though the UGS
territorial distribution is uneven by being concen-
trated primarily in one part of the districts. There-
fore, roughly one-half of the residents are deprived
of easy access to recreation zones. The UGS in only
the Obolonskyi district is arranged quite evenly in all
residential neighbourhoods, which are replete with
parks, public gardens and boulevards within pedestri-
an access. Almost all of them are developed for recre-
ation. Desnianskyi district, the second largest district
by area after Holosiyivskyi district, is distinguished
by uneven UGS distribution. Substantial UGS lands
are concentrated in its eastern part on Dnipro islands.
There are many “grey” zones here, with dense high-
rise building development. There is a scarcity of UGS
mostly in the Troyeshchyna residential district where,
in the first place, it would be expedient to plan new

Fig. 6. Green space provision in Kyiv districts

UGS. Darnytskyi district is abundant in urban forests
and water bodies; however, many of them are unsuit-
able for quality recreation. In other words, the UGI
is in decay and needs an expansion, especially in the
Pozniaky residential district where UGS is most un-
derprovided. Most UGS in the Desnianskyi and Dar-
nytskyi districts have no legislative protection, and
can be developed in some time.

Outright, four districts (Pecherskyi, Shevchen-
kivskyi, Dniprovskyi and Podilskyi) have roughly the
same GSI rating (from 2.02 to 1.91). On top of that,
the first two districts differ by a very high population
density. This means that their UGI is in a poor con-
dition, and only in some locations it is satisfactory.
Most residents in these districts have no convenient
access to recreation sites, and are made to spend much
time to overcome the big distances to UGS. This is
like in the Dniprovskyi district where the main UGS
is confined to island, riverside and central parts of
the district. UGS expansion is especially needed in
densely populated residential neighbourhoods that
border on industrial zones. The Podilskyi district
UGS is concentrated most in its western part, closer to
the Dnipro River, whereas the Vynohradar residential
district is almost without them. Shevchenkivskyi dis-
trict is experiencing a critical shortage of UGS, with
its bulk being concentrated along its perimeter. The
most densely populated central residential districts
are particularly short in greenery. Accounting for one
of the biggest population densities in Kyiv, expanding
the chain of UGS in Shevchenkivskyi district is more
challenging than in other districts of the city. In Pech-
erskyi district, about one-half of all UGS are located
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in the M.M. Hryshko National Botanical Garden. The
bulk of UGS is concentrated along the Dnipro River
and street greenery is inadequate. Expanding existing
and developing new UGS is most needed in the Klov
stow and in new housing developments, the number
of which is growing from year to year.

Solomianskyi district is far behind other Kyiv
districts in the GSI (merely 0.54). This is the expect-
ed result of its lowest positions in all the ratings we
had compiled. Here, a cardinal renovation of almost
all existing UGI elements is needed. Expanding and
creating new UGS in Solomianskyi district is most
critical for the densely developed Vidradnyi residen-
tial area with an industrial zone, and for the Choko-
livka and Zhuliany residential districts. This district
has a critical shortage of UPA, making it impossible
to specify conventional “green lines” for develop-
ers. In fact, the new Kyiv Development Master Plan
draft provides for creating a landscape protected area
of local significance in Solomianskyi district called
Sovska Balka with an area of 9.7 ha; however, for a
long term of 20 years this is insufficient.

Therefore, as is evident, UGS in most Kyiv dis-
tricts is confined to distant territories close to water
bodies and separate woodlands. Their fairly substan-
tial share in the city’s overall territory and the calcu-
lated Greenness Coefficients are creating an illusion
of sufficient provision of the city with UGS. However,
our study is indicative of the need to expand existing
UGS and create new ones in many locations accord-
ing to the principles of compact city planning. The
new draft Master Plan should be modified with regard
for UGI elements requiring priority optimisation.

Conclusions

The ideal of sustainable urban planning today
is a compact city with an attractive green infrastruc-
ture. UGS in compact cities perform many functions,
provide valuable ecosystem services and are acces-
sible for city residents. Following modern trends, the
Kyiv administration has declared an environmentally
clean and green city as the key priority of the Kyiv
development strategy. Instead, UGS are falling vic-
tim to competition with other elements of the Kyiv
infrastructure, and are used often as reserved space
for housing development or other urban development
projects. In other words, urban densification leads to
UGS loss and contraction of green space provision
per capita. The studies conducted point to the practi-
cality of including the Green Space Index in the mix
of key indicators used for assessing the comfort of
living in Kyiv and in its separate districts.

The realities of creating a compact city call

286

for imposing a moratorium on destroying UGS in
areas popular for development, and UGS should be
expanded in districts with a low Green Space Index
rating. The results of this study should serve for
clearly identifying priority “green lines” in different
Kyiv districts, which should be approved in the new
Master Plan. With account of the shortcomings in
the development of the Kyiv UGI (uneven territorial
distribution, insufficient provision for the population,
misuse, etc.), the regulatory and legal framework
should be revised in terms of conducting a geo-
ecological assessment of all UGS and the functions
they perform. Special emphasis should be placed
on optimisation and connectivity of the UPA chain
in conditions of inevitable densification of urban
territories. Since excess population density in separate
Kyiv districts is one of the factors that considerably
increase the environmental load on urban landscapes,
itis necessary to make an inventory of UGS ecosystem
services and perform their integral environmental and
economic assessment.
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Received: 23.03.2021 Abstract. The article is devoted to the study of the influence of ecological public con-
Received in revised form: 09.04.2021 sciousness on the state of perception of ecological problems in European countries and
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cies of realization of the concept of sustainable development in the context of greening of
the international economic system. It is noted that in conditions of social uncertainty, people have the effect of «ecological alienation»
as a characteristic of the state of perception of environmental problems in the minds of members of modern society. Although the issues
of rational use of economic resources, finding ways to green the international economy, preventing man-made risks and the global envi-
ronmental crisis are the focus of European governments, an effective solution to these issues is not possible without the reliable support
of society. After all, the effectiveness of the environmental policy of each state depends on the trends of perception of environmental
problems by its citizens. Issues of environmental consciousness are more related to ethical categories, as they have a significant impact
on the formation of civic attitudes of the individual regarding the perception of the importance of certain aspects of society. That is why
the analysis of the state of ecological consciousness of the inhabitants of European countries and Ukraine was studied according to the
results of the 7" wave, 2017-2020 of the comparative study “World Values Survey” (WVS) using comparative and typological analysis.
The World Values Survey is the largest non-profit international survey of human beliefs and values, which contributes to the monitoring
of the Sustainable Development Goals and the goals set by the UN program for the period after 2015. From the presented data set, the
basic empirical components were identified, which, according to the authors, illustrate the European context of the greening of con-
sciousness - the attitude to technologization; the priority of the ecological state of the country over the economic development of soci-
ety; the state of trust in environmental protection organizations and the level of active civil position on environmental protection. On the
basis of the secondary analysis of data, the key modern tendencies of formation of ecological consciousness in the countries of Europe
and Ukraine are substantiated: tendency to ecological thinking; formation of ecological culture; economic rationality. The conclusion
is made about the expediency of monitoring and forecasting the state of ecological public consciousness as one of the factors regulating
global socio-economic processes in European countries and Ukraine. According to the authors, the environmental consciousness of
members of society determines the degree of permissible range of orientation of a country to implement environmentally friendly goals
of sustainable development. The study of the variability of the dominance of the trends of ecological consciousness mentioned in the
article in certain socio-demographic communities allows to create an effective system of social guarantees in providing conditions for
effective socio-economic development and maintaining an ecologically healthy living environment, both in Europe as a whole and in
individual countries, in particular.

Keywords: public consciousness, effect of «ecological alienation», ecological consciousness, greening of economic system, tendencies
of ecological consciousness
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Amnoranisi. CTaTTs IPUCBSTYESHA TOCTIPKEHHIO BIUIUBY €KOJIOTIYHOI CyCITUIBHOT CBITOMOCTI Ha CTaH CIPHIHATTS €KOJIOTIYHUX POoOIeM
Y €BPONECHUCHKUX KpaiHax Ta YkpaiHi. EkonoriuHa CBiIOMiCTh pO3IIISIIA€THCS SIK JTATCHTHA AeTePMiHaHTa CyYaCHUX TEHACHIIIN peaizamii
KOHIIETILIi CTaJIOr0 PO3BUTKY y KOHTEKCTI €KOJIOTi3amii MiXKHAPOJHOT eKOHOMIYHOI CHUCTEMH. 3a3HAYAETHCS, 0 B YMOBAX COLIAIbHUX
HEBH3HAYEHOCTEH y JIIofieil criocTepiraeThest eheKT «EKONOriuHOT BiTIy/KEHOCTI» SIK XapaKTePUCTUKH CTaHy CIPUUHSTTS SKOJIOT YHNX
npo6ieM y CBIJOMOCTI WISHIB Cy4acHOro couiymy. He quBis4unch Ha Te, 10 MHUTAHHS PalliOHAIBHOTO BUKOPHCTAHHS €KOHOMIUYHHX
pecypciB, MOMIYKY MUIAXIB €KOJOTI3aIlil Mi>KHAPOJHOI EKOHOMIKH, 3aM00IraHHs TEXHOICHHUM pPU3WKaM Ta TI0OANbHIN eKOJOTIYHIN
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KpH3i 3HAXOASATHCS y LEHTPI yBarm ypsyiiB €BPONECHCHKHX KpaiH, e()eKTHBHE BHPIICHHS LUX NUTAaHb HE MOXJMBE 0e3 HamiliHOI
HiATPUMKHN WICHIB CYCHIIbCTBA. AJKe e()eKTUBHICTH €KOJIOTIUHOT MOJIITHKU KOJKHOT JepyKaBU 3aJIeXKIiTh BiJ TEHICHIIH CIIPUITHATTS
CKOJIOTTYHUX Tpo0IieM 11 rpoMaasHamu. [TuTaHHS eKOIOTIYHOT CBITOMOCTI OLTBIIOK MipOIO BiTHOCSTHCS IO CTUYHUX KaTeropiil, Tak
SIK caMe BOHHM MalOTh iICTOTHUH BIUTHB Ha ()OPMYBaHHS TPOMAISHCHKUX MO3UIII 0COOMCTOCTI BITHOCHO CHPUIHATTS BaXKIIMBOCTI THX
a00 1HIINX ACTEKTIiB KUTTEASIIBHOCTI coiymy. Came TOMy, aHaji3 CTaHy €KOJOTIYHOI CB1IOMOCTI MEIIKaHIIIB €BPONEHCHKUX KpaiH
Ta YKpaiHH OOCTiDKyBaBcs 3a pesyiabraramu 7 xBuiti, 2017-2020 poku MOpiBHIBHOTO HociikeHHs «CBiToBoro JlocmimuKeHHs
Linnocreii» (World Values Survey, WVS) 3 BHKOpHCTaHHSIM MOPIBHSUIBHOTO Ta THUmojoriyHoro anamizy. World Values Survey ne
HalO1IbIIe HEKOMEPIIiiHe MIKHAPO/IHE JIOCIIPKEHHS JTIOJICBKHX IIEPEKOHAHb Ta LIHHOCTEH, sike crpHsie MoHiTopuHTy Llineii cranoro
PO3BHTKY Ta Iijield, Bu3HadeHHX mporpamoro OOH na mepiox micis 2015 poxy. 3 mpencTaBIeHOro MacUBy JaHHUX Oyl BH3HAUYCHI
0a30Bi eMIIpHYHI KOMIIOHEHTH, 5K, HA IYMKY aBTOPIB, LTIOCTPYIOTh €BPONIEHCHKHI KOHTEKCT €KOJIOT13allii CBIIOMOCTI — CTaBJICHHS 710
TEXHOJIOT13alliT; NPIOPUTETHICTh €KOJOTIYHOTO CTaHy KpalHU HaJl SKOHOMIYHUM PO3BUTKOM CYCIHLIBCTBA; CTaH JOBIpH JI0 OpraHiarii
OXOPOHH HaBKOJIMIITHBOTO CEPEeIOBHIIA Ta PiBEHb aKTHBHOT IPOMASTHCHKOI TIO3HLIT I[0/10 OXOPOHU HABKOJMIIHBOTO cepenoBuia. Ha
Ii/ICTaBi BTOPMHHOT'O aHaJIi3y JaHUX, OOIPyHTOBAHI KJIIOYOBI CydacHI TEHJCHIIT C()OPMOBAHOCTI €KOJOTIYHOI CBIZIOMOCTI B KpaiHax
€Bporm Ta YKpaiHi: CXWIBHICTH JO €KOJIOTIYHOTO MHUCIEHHS; ()OPMYBAaHHS EKOJOTIYHOi KYJIBTYPH; €KOHOMIYHAa palliOHAJBHICTE.
PoGuTHCS BHCHOBOK PO OIUIBHICTE BiICTEKEHHS Ta MPOTHO3YBAHHS CTaHY €KOJIOTIYHO CYCHITBHOI CBIIOMOCTI SIK OJTHOTO 3 YHHHHUKIB
perymnoBaHH IIOOANBHUX COLIaTbHO-EKOHOMIYHHX IMPOIECiB y €BpoINEiichbkUX KpaiHax Ta YKpaiHi. Ha mymKky aBTOpiB, exonorigxa
CBIZIOMICTh YJICHIB CYCHIIIBCTBAa BH3HAYa€ CTYMiHb JOMYCTHMOTO [ialla30Hy Opi€HTallil MeBHOI KpaiHM Ha peasizaliio eKOJOTidyHO
CHPSIMOBAHMX LJICH CTaIoro po3BUTKY. JOCIi/PKeHHsS BapiaTUBHOCTI JOMIHYBaHHs O3HAYEHHX Yy CTATTi TCHACHLIN €KOIOriuyHOl
CBIZIOMOCTI y HEBHHUX COIL[aJbHO-IeMOrpadidyHuX CHIJIBHOTAaX JO3BOJISIE CTBOPUTH S(QEKTHBHY CHUCTEMY COLIAIBHHX TapaHTid y
3a0e3neveHHi yMOB Ul e()eKTUBHOTO COIiaJbHO-€KOHOMIYHOTO PO3BHTKY Ta MiATPHMII €KOJOTIYHO 30POBOTO CEPEOBHINA IS
HPOKMBAHHS, SIK Y €BPONCHCHKOMY TIPOCTOPI B LIIOMY, TaK i Y OKpeMHX KpaiHax, 30Kpema.

Kniouosi cnosa: cycninbna ceioomicmo, egexm «eKonociunoi 6i04yiHceHOCmiy, eKoN02IHA C8IOOMICMb, eKoN02i3ayis eKOHOMIYHOT

cucmemu, meHOeHyii exono2iunoi ceioomocmi

Introduction

The idea to study the European context of eco-
logical consciousness arose after acquainting the au-
thors with the published results of the study «World
Research Values» (World Values Survey, WVS) in
Europe and Ukraine, which were presented to Ukraine
October 27, 2020 with the support of Ukrainian cul-
ture Foundation at the initiative of the public orga-
nization «Ukrainian Center for European Policy» in
partnership with the research agency « Info Sapiens»
and the Center for Social Monitoring. WVS is a long-
term comparative study, which was founded in 1981
by Professor R. Inglehart of the University of Michi-
gan (USA) is based on the European Values Survey
(EVS) and is one of the most widely used and au-
thoritative international studies, covering almost 120
countries. Ukraine joined this study in 1999, when the
fourth wave of WVS took place and participated in
the following waves (the fifth in 2006, the sixth in
2011 and the seventh in 2020) (Svitove doslidzhen-
nya tsinnostey v Ukrayini, 2020). Some of the ques-
tions in this survey relate to environmental issues.
When reviewing the results of research in Ukraine,
our attention was attracted and answer to question
that illustrated the change of perception in the minds
of Ukrainian relationship of ecology and economy.
Namely, respondents were asked to choose one of the
two statements that is closer to them — «The priority
should be to protect the environment, even if it will
slow economic growth and job losses» or «Economic
growth and new jobs should be paramount, even if
the environment will suffer from this»). 45% of them
chose the environmental protection as a priority in
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1999, and 44.1% - in 2020. Economic growth, even
due to the deterioration of the environmental situa-
tion in 1999, was chosen as a priority by 29%, and in
2020 by 43.9% (Svitove doslidzhennya tsinnostey v
Ukrayini, 2020). This made us think about the need
for a deeper study of the ecological orientation of the
value orientations of members of modern society as
an internal factor in the greening of social processes
in the country.

The issue of studying environmental issues is not
new to world scientific discourse. The experience of
recent years has shown that in the process of solving
global environmental problems, the impact of institu-
tional changes on nature management is insufficient.
That is why, recently, scientists are paying more and
more attention to the study of social impact on the
environmental consciousness of citizens. Here are a
few examples that, in our opinion, illustrate a certain
level of global relevance of our issues. American re-
searchers Johnson, Eaton, Mikels-Carrasco, and Case,
studying coastal ecosystems in the eastern United
States (which have undergone significant changes as a
result of human activities), concluded that we should
not focus solely on environmental protection without
taking into account the «social landscape» of certain
areas. It is necessary to create local «environmental
communities», based on local culture, social norms,
social trust, etc., which will form a certain social co-
hesion and facilitate the solution of environmental
problems. And for this it is necessary to form an eco-
logical culture, because social and ecological systems
are interconnected (Johnson, Eaton, Mikels-Carrasco,
and Case, 2020). The experience of China is also in-



Kostenko A. M., Kuzmenko O. M.

Journ. Geol. Geograph. Geoecology, 30(2), 289-297.

teresting, where since 2011 the «environmental revo-
lution» course has been taken (according to Zhong,
Shi), which, according to researchers, is based not
only on the recognition of existing environmental
problems by the state and citizens, but also on eco-
logical consciousness of people, which researchers
call the «cornerstone» of improving the environmen-
tal situation through the consciousness of residents of
different regions of the reasons for the deterioration of
the situation and personal responsibility for it (Zhong,
Shi, 2011). In Germany, ecological consciousness has
long been addressed in the Environmental Policy Re-
search Center (Freie Universitit Berlin), trying to con-
vey to citizens that solving environmental problems is
directly related to the socio-economic well-being of
people (Jacob, Quitzow, Bér, 2011) and others.

Our examples make it possible to understand that
the world practice of environmental protection is no
longer focused so much on overcoming the conse-
quences of damage to the environment, but on finding
and implementing mechanisms to prevent the impact
of negative human activities on the environment.

We believe that the relevance of the study of la-
tent determinants of economic development increases
in periods of social uncertainty, especially when they
become global. This is due to the fact that the state
of uncertainty is exacerbated by the energy crisis that
arises as a result of competition between alternative
sources of its production. Climate change, popula-
tion growth, urbanization, and growing demand for
electricity require responsible behavior at all levels
of the hierarchy of social organizations and ensuring
the sustainable development of relevant systems and
structures.

However, there is a paradoxical situation. On
the one hand, with the increase in man-made risks in
modern societies, threats of a looming environmen-
tal disaster, a global environmental crisis, are grow-
ing. The issues of rational use of economic resourc-
es, finding ways to green the international economy
and achieving the goals of sustainable development
(Analitychna dopovid’ tsentru Razumkova, 2019) are
in the center of attention of governments around the
world.

On the other hand, it is obvious that the solution
of any state or regional environmental problems is im-
possible without the reliable support of society mem-
bers. However, the problem is that in the minds of
ordinary citizens there is an effect of «environmental
alienation» (according to W. Beck) (Sorensen, Chris-
tiansen, 2014), when economic development and
environmental security are perceived at the level of
dichotomy (or / or) W. Beck explains this by the cur-
rent state of «risk victims». And this is quite justified,

because the situation of social uncertainty determines
not only the collective social behavior (Yereskova,
Mazuryk, Aleksandrova, 2020; Yereskova, Mazuryk,
Tymofieieva, 2020), when members of societies need
to form a «hierarchy» of their own reactions between
social, economic or environmental risks (Bauman,
2000; Maftesoli, 2016; Burluts’ka, 2015). It also de-
termines the desire of members of modern societies
not to adhere to certain established principles in public
affairs, but to solve each socially determined issue in
view of its attractiveness to a particular person. This
means that modern man is guided by considerations
of expediency and the desire to reach a compromise
between different views on socially significant
issues. In such situation, it makes sense to pay atten-
tion to the level of formation of social and environ-
mental responsibility that has developed in certain so-
cieties. It is clear that environmental policy, problems
related to environmental protection should be the
subject of state environmental activities. The state-
ment of the existence of environmental problems at
the state level necessitates specific intervention by in-
terested parties (society, state, government agencies,
business communities, social groups), based on social
responsibility, environmental law, environmental au-
dit (Natsional’na dopovid’ pro stan navkolyshn’oho
pryrodn’oho seredovyshcha v Ukrayini, 2020).

In our opinion, one of the leading roles of envi-
ronmental policy should be played by the ethical fac-
tor. Effective environmental policy is characterized
by a certain set of environmental values established in
a certain society, which have a serious impact on how
the citizen percept the importance of their own influ-
ence on environmental policy in nation states. There
is also a deep connection between the environmental
situation and the socio-political organization of soci-
ety. Social problems are often caused by environmen-
tal preconditions in terms of restricting human rights
to a quality living environment.

The issues of environmental awareness are more
in those categories where civil society institutions are
important, as they have a significant impact on the
formation of civic positions of the individual and,
consequently, the preservation of the integrity of so-
ciety. The correct perception of ecological culture by
social institutions, will allow to green the moral con-
sciousness, change values, because man and society
act as elements of a single system «nature-society»,
outside of which their existence is impossible, but the
interests of nature come to the fore, get priority over
the interests of society, included in the sphere of mo-
rality (Anats’ka, 2020). That is why the aim of the ar-
ticle is to define the manifestations of environmental
awareness in European societies and Ukraine as an el-
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ement of ensuring effective sustainable development.
The scientific novelty of the approach proposed by the
authors is to apply the potential of the methodology
of comparative social research to diagnose the state
of environmental consciousness as a tool to prevent
the threat of irresponsible attitude of the population
of European countries to current environmental chal-
lenges.

Materials and methods of research

As a methodological basis of our study, we ap-
plied a procedural approach (according to P. Shtomp-
ka) to social problems, according to which society
is perceived not so much as an object, but as a kind
of “field of opportunity” of social actors (Sztompka,
2000). We mean that modern societies are tested by
constant risks, the main content of which is the need
to assess the level of «threats» - economic, social,
environmental, etc. for the effective functioning of a
country. In other words, members of societies need
to streamline their own attitudes and reactions to
such external challenges. The information base of
our study was the results of the 7" wave (2017-2020)
of the comparative cross-cultural study “World Val-
ues Survey” (World Values Survey, WVS), which
contains empirical data on the distribution of socio-
cultural values of residents of European countries and
Ukraine. In each country, the survey is conducted on
a nationally representative sample of a standardized
questionnaire. As for now WVS is the largest non-
profit international survey of human beliefs and
values, which contributes to the monitoring of the
Sustainable Development Goals and the goals set by
the UN (United Nations) program for the period af-
ter 2015. The main method for the realization of their
research goal, the authors of the article chose the sec-
ondary analysis of the results of this study, which was
able to synthesize the quantitative characteristics of
the respondents’ answers in the indicators of the for-
mation of environmental consciousness. Typological
analysis was used to determine the trend and state in
the ecological consciousness of the inhabitants of Eu-
ropean countries and Ukraine.

In our opinion, the proposed approach has a uni-
versal analytical potential to study the state of forma-
tion of environmental consciousness. After all, the
idea of fixing and typologizing direct or indirect in-
dicators of the formation of environmental conscious-
ness in a particular country or region, allows you to
use both open empirical data (official statistics, sur-
vey results, analytical reports, scientific articles, etc.)
and targeted social research on perception in the pub-
lic consciousness of certain environmental problems
(or attitudes to them) within the framework of state
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or public initiatives (including relevant blocks of is-
sues). However, it should be noted, that the method
has certain limitations, which are due to the peculiari-
ties of the method of secondary analysis. This method
has recently become an increasingly popular means
of obtaining social knowledge, as only large research
structures are able to conduct large-scale nationwide,
cross-cultural surveys. However, it should be borne
in mind that secondary (already available) informa-
tion is data that has been previously collected for pur-
poses other than the one currently being addressed.
Therefore, the application of our proposed approach
requires researchers of environmental consciousness
a certain interdisciplinary understanding of the prob-
lem, its multifaceted specifics (system of state regu-
lation and response to environmental challenges, the
level of greening the economy, socio-cultural features
of certain countries and regions, etc.).

Results and discussions

We are accustomed to the fact that important ar-
eas of environmental research are, first of all, envi-
ronmental policy of political and economic activities,
policy of rational and environmentally safe use of na-
ture, and the formation of socio-ecological views is
based on creating and concretizing various theories
of nature optimization. All this suggests that modern
countries are experiencing a period of change in es-
tablished perceptions of the relationship between hu-
man and nature, during which mature fundamentally
new ideas that promote consciousness of the need to
improve social development through environmentally
safety changes.

In a global situation of social uncertainty, it is
necessary to form new ethical standards of living, be-
havior and well-being, which would enable members
of society to relate consciously to nature and its re-
sources on the basis of enshrining in the public con-
sciousness of social and environmental responsibility.
Due to the fact that under certain conditions, socio-
ecological ideas have become a factor in the accel-
erated development of society, stimulating the active
and transformative impact of people on nature.

If consider ecological consciousness as a tenden-
cy of the social consciousness evolution, we want to
emphasize that we are not talking about some new
form or social type of worldview, but only about the
reorientation of its structure due to the influence of
modern ecological situation on human life. By «envi-
ronmental consciousness» we mean the spread in the
community of ideas that reflect the level of perception
by person of its habitat protection. After all, the eco-
logical aspect of the worldview, at all stages of de-
velopment of human society, was an integral element
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of certain spheres of social consciousness, which pe-
riodically manifested itself in mass psychology, le-
gal, philosophical views of a certain era. But only in
the period of modern science and technology aimed
converting the magnitude of human impacts on nature
have reached such large proportions that the question
of relations between society and the biosphere have to
acquire a peculiar environmentally friendly shade all
elements of social consciousness. In other words, the
reflection of modern environmental problems in the
mind cannot, but affect the environment itself. That
causes the «growth» of the environmental component
in all areas and levels of public consciousness, pen-
etration into ideological concepts and socio-psycho-
logical guidelines of individuals.

We understand that the term «greening of con-
sciousnessy is quite conditional, but, in our opinion, it
can be used as a kind of indicator of the perception of
members of modern European societies and Ukraine
of the environmental challenges nowadays. In these
conditions, the greening of the worldview should be
understood as a set of measures that ensure the cre-
ation of scientifically sound and humanistically ori-
ented views, which would be shared by the general
population, implemented in their daily practices and
lifestyles, would ensure the functioning of optimal
models of society solving both global problems of to-
day and the task of accelerating scientific, technologi-
cal and social progress.

In order to focus on the state of environmental
consciousness, we have identified from the data set
the empirical components that, in our opinion, visu-
alize the manifestations of environmental conscious-
ness: the attitude to technology; the priority of the
ecological state of the country over the economic de-
velopment of society; the state of trust in environmen-
tal protection organizations and the level of active
citizenship in relation to environmental protection.

Displaying the characteristics of environmental
consciousness, we began to determine trends in the
attitude of European and Ukrainian people to the fur-
ther technologicalization of socio-economic develop-
ment of the country (Table 1).

Table 1. Respondents’ assessment of the statement about the
need to pay more attention in future to technology develop-

ment, comparing data of the certain countries. Source: [Svitove
doslidzhennya tsinnostey v Ukrayini (2020), p. 37]

Answer options (in %)
Country
«fine» «badly»
Germany 74.8 11.1
Greece 65.8 6.7
Romania 62.5 11.5
Ukraine 58.1 2.8

The analysis of the answers made it possible to
outline the trends of consciousness of the representa-
tives of certain countries about the need for further
development of technologies. It should be noted that
the list of countries presented in the Table 1 and other
tables (for example, Tables 3 and 4) was not deter-
mined by the authors of the article, but was due to the
peculiarities of the World Values Survey in individual
particular countries, which had the opportunity to Ac-
cording to the «drivers» of the implementation of the
World Study in a particular country, were appropriate
for their countries. As you can see, the representatives
of these countries positively assess the priority of
technology development. However, it is worth paying
attention to the answers that have a negative focus.
We can assume that the people of Germany and Ro-
mania are more concerned on the possible dominance
of technology over other spheres of life of their soci-
eties (social, environmental, etc.) and the possible im-
pact of technology on the environment.

We have identified the priority in the minds of
respondents of environmental or economic issues in
the development of European societies by analyzing
the answers to questions about the ranking of environ-
mental or economic issues (Figure 1).

Empirical evidence has confirmed the existence
of the effect of «environmental alienation» in the
consciousness of members of modern European so-
cieties which we have already mentioned in the in-
troduction. Residents of Lithuania, Poland and Ro-
mania showed the greatest effect (clear priority for
economic growth). This effect almost doesn’t exist
in Sweden (a clear priority for solving environmen-
tal problems). In other countries (except Bulgaria
and Ukraine) there is a steady trend of understanding
the importance of the impact of the environment on
society. Bulgaria and Ukraine, on the one hand, are
also in this trend, but statistical differences between
the selected options compared to other countries
(Ukraine - 0.2%; Bulgaria - 13.6%) may indicate
possible “fluctuations” of public consciousness in the
case of deterioration of socio-economic situation in
these countries.

It does not need to prove that the indicator of trust
of society members in certain social institutions makes
it possible to understand the current state and deter-
mine the prospects for the country»s development in
the appropriate direction. In modern conditions of
social uncertainties, this issue becomes especially im-
portant, because social distrust is one of the deterrents
to the effective and harmonious development of any
society. That is why we have identified trust in envi-
ronmental organizations as one of the components of
the environmental awareness state (Table 2).
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B Environment

Economic growth

Sweden INNNNNNNES 10,9
Hungary I 29,1
Germany NG 24,6

Estonia NGO 24,8

[taly (NSO 29,9
Spain INEEEEEEENSTSE 30,6
Austria IS 27,5
Greece IS 37,4
Czech Republic IIINEEEEEESHSE 33,3

France IIIIIENSDSE 33,1
Bulgaria IS 33,7
Ukraine NN 43,9
Romania [NNNESSON 48,2

Poland NSO 48,5

Lithuania NSO 55,4

Fig. 1. Respondents’ assessment (in %) of the priority of solving environmental problems and economic

growth in individual countries and in Ukraine

Source: developed by the authors on the basis of [Svitove doslidzhennya tsinnostey v Ukrayini (2020), p.90]

Table 2. Level of trust in environmental organizations, compari-
son of Ukrainian and some other countries’ data in some of their
answers, Source: developed by s based [Svitove doslidzhennya
tsinnostey v Ukrayini, (2020), p.65-66]

Answer options (in%)

Country Fully Trust No

trust to some trust

extent

Austria 13.0 48.4 6.6
Bulgaria 2.1 18.5 19.0
Greece 4.0 41.5 12.3
Estonia 8.1 49.6 4.1
Spain 12.8 47.4 6.8
Italy 9.6 45.9 9.9
Lithuania 33 48.3 4.6
Germany 8.1 52.3 4.9
Poland 6.5 38.0 13.9
Romania 8.5 26.3 20.2
Hungary 10.9 40.5 11.8
Ukraine 3.4 35.2 17.3
France 8.6 52.0 8.3
Czech 4.5 25.1 21.4
Republic
Sweden 12.2 57.3 4.0

Onthe onehand, statistics show the currenttrend in
European countries regarding the perception of
environmental organizations as subjects of social
influence. However, if we pay attention to the
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categorical distribution of unambiguously positive
and unambiguously negative responses, we can
trace the variability of trends in the legitimacy of
these organizations in the consciousness of societies’
members: 1) perception of organizations as a subject of
social impact on society (static gap between categories
> 6%) - Sweden, Austria, Spain; 2) situational
perception of the organization as a subject of social
influence (statistical gap < 4) - Estonia, Germany,
Italy, France, Lithuania, Hungary; 3) non-perception
of organizations as a subject of social influence (static
gap between categories > 6%) - Bulgaria, Greece,
Poland, Romania, Ukraine, Czech Republic.

It is well known that the active civil position of
members of society in relation to certain problems of
the country development affects the formation of vec-
tors of public policy and social norms in society. In
our opinion, the results of the World Values Survey on
the level of involvement of citizens in environmental
organizations (presented by individual countries) pro-
vide insight into the prospects for changing trends in
public consciousness to gain greater influence in these
organizations in European countries (Table 3).

As we can see, the percentage of involvement of
citizens of individual countries in activities of envi-
ronmental organizations is quite low, even if the an-
swers are categorized only by polar options (belong /
do not belong). We mean the statistical association of
the degree of involvement (active / inactive member).

However, for validation tendencies, whether it
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Table 3. The level of involvement of citizens in environmental
organizations, comparison of data for particular countries with
Ukraine, Source: developed by authors based on [Svitove doslid-
zhennya tsinnostey v Ukrayini (2020), p. 77]

Answer options (in%)
Country I do not Inactive Is an
belong to the active
member
members member
Germany 88.4 4.5 7.1
Ukraine 90.5 7.8 1.7
Romania 94.6 4.5 0.9
Greece 96.5 2.5 1.0

concerns only organizations with environmental pro-
tection or the low public activity is a definite trend in
modern European societies we have monitored the
level of manifestation of active citizenship also rela-
tion to other organizations (Table 4).

Table 4. The level of civic activity (the degree of participation
in various organizations which are able to influence the social
and economic life), comparison of particular countries’ data with
Ukraine, Source: developed by authors based on [Svitove doslid-
zhennya tsinnostey v Ukrayini (2020), p. 76-77]

Answer options (in%)
I do not Inactive Is an
Country belong to the | member active
members member
Trade unions
Germany 86.7 5.2 8.1
Ukraine 87.0 10.9 2.2
Romania 88.8 7.9 34
Greece 94.4 3.8 1.8
Political parties
Germany 93.7 3.0 33
Ukraine 91.6 6.1 2.3
Romania 89.6 7.6 2.8
Greece 95.3 3.6 1.1
Professional associations
Germany 88.8 5.4 5.8
Ukraine 90.3 6.9 2.8
Romania 92.8 4.9 2.3
Greece 94.0 4.1 1.9

A comparative analysis of the dependence
of the level of citizenship on the orientation of
organizations gave us the opportunity to state that low
involvement of citizens in environmental activities
in Ukraine and Greece is due to general trends in
the attitude of society members to civic activity of
organizations, which is 0.9% in Greece and 1.1% in
Ukraine). In Germany, in the minds consciousness of
citizens, membership in environmental organizations
is clearly correlated with membership in trade unions
(statistical development of the option “is an active
member” is 1%) and professional associations (static

gap option “is an active member” is 1.3%), compared
to political parties (statistical gap of the option “is an
active member” of 3.8% in favor of environmental
organizations). In Romania, the low involvement
of citizens in environmental organizations, to some
extent, illustrates the lack of perception in the public
consciousness of these organizations as a subject of
social influence on socio-economic development
(maximum static gap option “is an active member”
is 2.5%).

Summarizing the analyzed empirical components
of the European context of greening consciousness,
we identified three main trends, formed in European
countries and Ukraine, that to varying degrees, allow
to further regulate the genesis of this component in
the public consciousness of members of societies:

- tendency to ecological thinking, which provides
awareness of the existence of a direct link between
the state of the environment and socio-economic
development. It is characterized by the recognition
of the priority of the issue of taking into account the
peculiarities of the impact of the environment on
the life of society. Willingness to change in order to
preserve the environment of life. This trend is typical
for Sweden;

- formation of ecological culture, which
determines the consolidation of manifestations
of ecological consciousness through individual
everyday practices, an element of which is the
solution of ecological problems. It is characterized
by the formation of a holistic perception of the
environment, the establishment and awareness of
certain norms of relations between society and the
environment, the consolidation in society of beliefs
that the protection and preservation of nature is one
of the important state-building tasks. However, this
does not preclude controversy over the priority of
environmental issues. This trend dominates the public
consciousness of most European countries (Hungary,
Germany, Estonia, Italy, Spain, Austria, Greece, the
Czech Republic and France);

- economic rationality which affects the
seriousness of the perception of the environment
state as a factor of the successful development of the
country. It is characterized by determining the priority
of financial, industrial and technological development
of society. This trend is clearly demonstrated by
Lithuania, Poland and Romania. Bulgaria and
Ukraine balance between this trend and the formation
of ecological culture.

So, the environmental consciousness of members
of society determines the degree of acceptable
range of the country’s orientation towards the
implementation of environmentally oriented goals of
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sustainable development. The study of the variability
of the dominance of these trends in environmental
consciousness in  certain  socio-demographic
communities allows to create an effective system of
social guarantees in providing conditions for effective
socio-economic development and maintaining an
ecologically healthy living environment, both in
Europe as a whole and in particular countries.

Conclusion

The approach to study the environmental
consciousness we propose is caused by the reaction
of residents of any country on environmental issues
arise only from changes in the ecological system,
which usually affects either the socio-economic
development of society, or the health of society. In
conditions of social uncertainty, the consciousness of
the majority is dominated by an individual “formula”
according to which an average citizen determines the
strength and direction of this influence. According to
the practice, environmental problems are not always
perceived by the majority as a risk (compared to
economic ones, for example). This raises the debate
about the level of greening of public consciousness
and its impact on the international economic system.

Our scientific research in the field of taking into
account the state of environmental consciousness in
the process of achieving sustainable development
goals will contribute not only to understanding the
existing interdependencies of modern socio-econom-
ic development on latent factors of society’s percep-
tion of social reality, but also to minimize (and ideally
overcome) individualized attitude to environmental
issues. After all, today’s realities require the forma-
tion of ecological consciousness, the main manifesta-
tions of which can be considered an understanding of
the general laws of coexistence and development of
environment and society, recognition of social condi-
tionality of the ecological vector of development and
overcoming consumer attitudes to the environment as
a source of material benefits.

A balanced combination in the formation of en-
vironmental awareness of the trends identified by us
(environmental thinking, environmental culture and
economic rationality) is the basis not only for envi-
ronmental protection of social interests of society
members, but also to enshrine the principles of en-
vironmental responsibility component of daily life in
public consciousness. However, we must not forget
that a necessary condition for the transformation of
environmental consciousness into a factor of a social
impact on economic development is the existence of
civil society. In other words, it is necessary to cre-
ate such socially conditioned backgrounds to be sure
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that the public will be environmentally competent,
aimed at improving environmental culture and world-
view, assistance in solving both local and internation-
al environmental problems.
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The geoecological analysis performed for the geochemical composition of ash and slag waste
obtained at Zmiiv thermal power plant
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Received: 26.12.2020 Abstract. The objective of the study was the composition of ash and slag waste from the
Received in revised form: 07.01.2021 Zmiiv TPP (thermal power plant) and the peculiarities of migration of heavy metals (HM)
Accepted: 23.01.2021 from the place of storage of ash and slag waste into the ecosystem. To achieve this goal,

the following tasks were solved: chemical analysis of ash and slag waste of the Zmiiv TPP;
identification of the probability of HM migration into the soil environment in the places of ash and slag waste storage. Ash and slag
of the Zmiiv TPP contain Cu, Cr, As, Cd, Ni, Pb in quantities several times higher than the threshold limit value (TLV). For ash and
slag wastes, the total pollution rate was Zc = 43, which corresponds to a high level. That is, this artificial horizon is dangerous. HMs
migrate to groundwater and soils near the ash stockpiles as a result of infiltration of precipitation waters, leaks from water-bearing
communications, water filtration through the base of the ash stockpiles of the Zmiiv TPP. To determine soil contamination near the ash
stockpiles, we analyzed soil at the distances of 0, 5, 10, 50 and 100 meters. The contents of the HM decreased further away from the
stockpiles. At the distance of up to 100 meters from the dump, there were excesses of the threshold limit values for Ni, Cu, As, Cr in
the soil. The concentration factor exceeded one for Cr, As, Cu, Cd, Ni. Only at the distance of 100 meters did the contents of Pb and Zn
reached the background values. The calculation of the total rate of soil contamination allowed us to classify these soils as moderately
dangerous and acceptable. However, the Zn indicator has several significant disadvantages, particularly it does not take into account the
differences in the potential hazards of the elements, as well as, most importantly, the synergistic effects of polymetallic pollution. The
coefficient of synergistic effect of heavy metals was 26.64 (in the soil of the ash stockpiles), then decreased, but even at the distance of
100 meters it equaled 11.23, i.e. at the distance of 0... 100 m from the ash stockpiles, the overall actions exceed the norm. The study
revealed that Cu, Ni, Zn and Cr had low mobility in the soil near the ash stockpiles and therefore accumulated near the stockpiles, which
may be explained by neutral and slightly alkaline soil pH values. The ratio of mineral phases and glass varied, but we should note the
predominance of aluminosilicates, calcium silicates and glass in the ash and slag wastes. Heavy metal compounds are confined mainly
to amorphized clay aggregates and soot-coal ash formation, to a lesser extent to slag glass and even less to grains of quartz sand. Since
ash contains such fractions that can be easily carried by the wind, it should be assumed that ingress of HM into the ecosystem occurs by
air, which also contributes to air pollution. The solution to the problem of ash and slag waste disposal can be found in their utilization
in the production of construction materials, in road construction, but it is necessary to study the composition of ash and slag and the
probability of migration of HM depending on the conditions of use.

Key words: geoecological analysis, ash and slag waste, heavy metals, man-made load, ecosystem pollution
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AHoTanisi. MeTor TOCTIKEHHS € aHalli3 TeOXiMiYHOTO CKJIaAy 30JOMIIAKOBHX BimxomiB 3MiiBchkoi TemnoenekTpocranmii (TEC)

Ta BUABJICHHS 0coONMBOCTeH Mirparii Baxxkux MeTaniB (BM) Bix micis ckiaxyBaHHS 30JI0IITaKOBUX BiAXONIB y ekocuctemy. s
JIOCSATHEHHsI BCTAHOBJICHOI METH OYyJIO BHUPIIICHO HACTYIHI 3aBJaHHS: MTPOBEICHHS I'€OXIMIYHOTO aHai3y 30JOILIAKOBHX BIIXO/IIB
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3wmiiBcbkoi TEC; BuBUeHHs Biporiguocti mMirpanii BM y rpyHTax micip 30epiranHs 30JIOIITAKOBUX BiIXOAiB. 3oonuiaky 3MiTBCEKOT
TEC mictsare Cu, Cr, As, Cd, Ni, Pb y KUIbKOCTSIX, 110 B JEKUTbKA pa3iB MEPEBUIYIOTh TPAHUYHO-I0ITycTUMY KoHIeHTpatiro ([1K).
JIn1s 307I0IITaKOBHX BiIXOMIB CyMapHH MOKa3HUK 3a0pyJHEHHS CTAaHOBUTH Zc = 43, 10 BiANOBiZae BHCOKOMY piBHIO. ToOTO meit
IITyYHO CTBOPEHUH TOPU3OHT € HebesnmeyHMM. BM MirpyroTs y mia3eMHi BOIM 1 y IPYHTH MOpPSI i3 30JI0BIIBAJIOM 32 PaxXyHOK
indinpTpanii arMocepHux onaaiB, BUKUIM 3 BOIOMPOBIAHUX KOMYHiKauiil, (GuIbTparil BoJg 4epe3 OCHOBY 30JI0BigBaTy3MiiBCHKOT
TEC. [lns Bu3HaueHHs 3a0pyQHEHHS IPYHTIB IOOJIM3y30JI0BiABaNTy3AiliCHEHO aHami3u IpyHTY Ha Bincradi 0...100 merpis.Bcra-
HOBJICHO, 1110 3MCHIIICHHSI KoHIIeHTparii BM y rpyHTI 3 BijicTaHHIO Bij 3oionuiakoBiasany. Ha Bigcrani g0 100 metpiB Bif BijBaiy
crnioctepiraerscs nepesunieHas y rpyHTi IJIK 3a BMicToMm cnonyk Ni, Cu, As, Cr. KoedirieHT KoHIIEHTpanii epeBHIIy€e OJUHHINO IS
Cr, As, Cu, Cd, Ni. JIumre Ha Bigctani moHan 100 meTpi BMicT Pb Ta Zn nocsirae ¢oHOBHX 3Ha4eHB. Po3paxyHOK CyMapHOTO MMOKa3HUKA
3a0pyIHEHHS IPYHTIB IO3BOJIIE BiIHECTH JAaHI IPYHTH A0 MOMIPHO HeOe3MeuyHuX Ta JomycTuMuX. OOHAK, € NEeKiNbKa CyTTEBHX
HEJIOMIKIB y noka3Huka Zc. Hacammepen, BiH He BpaXxoBy€ BiAMIHHOCTeW MOTEHMIHHOT HeOe3MeKH XiMIYHUX eIEMEHTIB, a TaKOXK, IO
HaOUIBII BaXKJIMBO, CHHEpreTH4Hi eekTn mnonimeraniyHoro 3abpynHeHHs.KoedillieHT cHHepreTHYHOro BIUIMBY BaXKKHX METalliB
CTaHOBHTH 26,64 (y TPYHTI30JI0BIIBAITY), aJli 3MEHIIIY€EThCSI, ajie HaBiTh Ha BifcraHi 100 meTpiB ctanoBuTh 11,23, TOOTO Ha BijCTaHI
0...100 ™ Bij 30JI0IITAKOBI/[BATy HE BUKOHYETHCSI YMOBA HE TIEPEBHIIEHHS KoedilieHTy cymapHoi il onqununi.Beranosneno, mo Cu,
Ni, Zn 1 CrxapakTepu3ylThCsI HU3BKOIO PYXJIMBICTIO y IPYHTI HOOIHM3Y30JI0BiABATY, Yepe3 10 BOHU aKyMYIIOIOTBCS B €KOCHCTEMI
TOPSI/T 330JI0B1ABAJIOM, IO MOSCHIOETHCS HEUTPaIbHUMH 1 c1abomykHUMH 3HayeHHsAMH pH rpynaty (pH=8,0...8,5).CniBBigHOmEeHHS
MiHepalbHUX (a3 i CKjia HecTiiiKe, MPOTe CIIijl 3a3HAYUTH MEPEBAKAHHS Y 30JIOMIIAKYATIOMOCHINKATIB, CHIIIKATIB KaJbLilo 1 CKJIa.
Cnonykun BM npuypodeHi B o0CHOBHOMY 10 aMOp(]i30BaHHUX INIMHUCTHX arperariB i CaKHCTO-BYIJICLIEBHM yTBOPEHHSIM 30JI1, B MEHIIIH
Mipi /10 IITAKOBOTO CKJIa Ta IIe MEHIIe JO0 3ePeH KBapIOBOTO MicKy.OCKUIBKH 30JI0ILIAK MICTHUTH Taki (paxiii, Mo MOXYTh JIETKO
PO3HOCUTHUCS BITPOM, CJIiJ IPUITYCTUTH, L0 HAAXOWKeHHs BM y ekocucTeMy BiIOyBa€ThCs i MOBITPSIHUM ILISIXOM, 1110 TAKOX CIPHSIE
3a0pyIHEHHIO aTMOC(EpHOro moBiTps. BupimenHs npoOmemu yTumizamii 30J0UITAKOBHX BiAXOMIB CIIiABITHAWTH Y BHUPOOHHIITBI
OyniBeJIbHUX MaTepialliB, y JOPOKHbOMY Oy/IiBHUITBI, ajie HEOOXiAHO BUBYATH CKJIa/l 30JI0IUIAKIB i BiporiaHicTs Mirpauii BM 3anexHo

BiJl yMOB BUKOPUCTAHHSI.

Knrouosi crnosa: 3onownarkosi 6i0x00u, BAJCKI MemMau, MexHO2eHHe HABAHMANCEHH S, 3a6pyaH€HH}l exocucmemu

Introduction

The work of TPPs (thermal power plants)
generates wastes: ash and slag (heavy fraction) and ash
(volatile fracture). Wastes most often are deposited
in the open-air. Subject to atmospheric precipitations,
the components of ash and slag may migrate into the
environment.

Stockpiles of ash occupy large areas, having
a negative impact on the environment. A number
of studies have focused on danger of ash-and-
slag wastes, and the opinions on the subject vary.
A number of researchers report the great threat these
wastes pose and the possibility of using ash and
slag in production of construction materials, road
construction, which would reduce the expenditures
of raw material, and even propose using them as
fertilizers (Bushumov S.A, 2020; Snikkars P.N.,
2020; Cristina T. A., 2019). Other researchers draw
attention to the environmental pollution with wastes
from TPPs (Sokolov A.V., 2019, Ochur-ool A. P.,
2019, Turhan $., 2020 3-7). Fly ash and ash and slag
wastes contain As, Pb, Cr, Cu, Ni, Co, V, Cd, Zn, Se,
Mn, Fe, K, Ba, Na, Ca, Mg, Be, F (Pribilova V.M.,
2013, Krainiuk E. V., 2004), which may be dangerous
to human health (Kornus A., Kornus O., Shyshchuk
V., 2020). Ash and slag have high concentrations of
zinc, plumbum, cuprum, nickel, vanadium, cadmium,
barium, sodium, beryllium, cobalt (Ochur-ool A. P.,
2019). There is research confirming significant soil
contamination with Ni, Cr with Hg near the stockpiles
of ash (Turhan $., 2020).

A number of European countries are processing
ash and slag wastes, for example Denmark and
Germany effectively use ash and slag in production
of construction materials. At the same time, the share
of recycled ash and slag accounts for up to 100%. For
instance, in Germany, it is prohibited to deposit ash
and slag wastes. Poland, China and the USA recycle
around 60% of generated ash and slag (Snikkars P.N.,
Zolotova I.Yu., Osokin N.A., 2020).

Provision of the needs of industry and the
population requires great resources of electric energy.
Therefore, for example, generation of electric energy
in Ukraine in 2019 accounted for 141.2 B kW, over a
third of this energy was generated by TPPs and CHP
(combined heat and power) stations (Statistichnij
shhorichnik Ukrainy, 2019).

During the generation of thermal energy, thermal
power was 129,045 GCal/year, and the main providers
of the thermal energy were thermo-regulating units,
heating plants, TPPs and CHPs, the work of which
left ash and ash-and-slag waste.

The greatest activity of TPPs is concentrated in
eastern Ukraine (Fig.1). The Zmiiv TPP is among
the five largest TPPs, with power over 2,000 MW
(Fig.1,2).

Objective of the study

The objectives of the study were the composition
of ash-and-slag wastes of the Zmiiv TPP and specifics
of the migration of heavy metals from place of
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Fig. 1. TPPs in Ukraine

1— Zmiiv, 2 — Slovianska, 3 — Vuhlehirska, 4 — Luhansk, 5 — Zuivska, 6 — Starobeshevska, 7 — Kurakhivska, 8 — Prydniprovsk,
9 — Zaporizka, 10 — Kryvyi Rih, 11 — Ladyzhyn, 12 — Trypilska, 13 — Dobrotvir, 14 — Burshtyn

deposition of ash slag wastes to the components of
the ecosystem. To achieve the goal, we solved the
following tasks: performing geochemical analysis
of ash and slag wastes of the Zmiiv TPP; finding
probability of migration of HM to soil in places of
storage of ash and slag wastes.

The Zmiiv TPP is the leading polluter in Kharkiv
Oblast, its impact assessed as 60% of the total

Fig. 2. Power generated by TPPs in Ukraine, MW
300

pollution in the Oblast (Pribilova V.M., 2013). The
TPP has operated since 1960, having the electric
capacity of 2,150 MW. The TPP produces 18 B kW
per h of electric energy annually. As fuel, the Zmiiv
TPP uses low-grade coal with addition of mazut or
gas of the Shebelinka gas field. The output of ash and
slag accounts for 1.2 M T/year. A total of 200 thous
tons is processed annually, 1 M T is stored in the
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Fig. 3. Polygon of ash and slag wastes of the Zmiiv TPP

stockpiles. Currently, the ash stockpiles of the Zmiiv
TPP comprise 30 M T of ash and slag. The system of
ash and slag removal is hydraulic.

The polygon of ash and slag wastes of the Zmiiv
TPP occupies an area of 350 ha (Fig. 3). The ash
stockpiles cause a number of ecological problems.
Ash and ash and slag wastes are solid non-burned
residuals of solid fuel, which are transferred to ash
stockpiles. The main mass (965 - 98%) of ash and
slag wastes comprises oxides — 45... 60%; CaO —
2.5...9.6%; MgO — 0.5...4.8%; Fe, O, — 4.1-10.6%;
ALO,-10.1...21.8% 180, - 0.03... 2.7%.

The most important component of ash and slag
wastes is SiO, (over 40%), which together with AL,O,
takes part in formation of calcium aluminosilicates.
Up to 15-80% ash and slag wastes are composed of
crystalline phase, the rest — poorly soluble quartz,
mullites, hematite, magnetite, etc. (Krainiuk E. V.,
2004). Furthermore, the ash and slag contain Zn, TI,
Pb, Cr, Mn, Co, Ni, Hg, As, Sb, V, Sr, Ge, B, Be, F and
other (Pribilova V.M., 2013).

The stockpiles of the Zmiiv TPP are of a
hydrotechnical structure, which also has an effect on
the environment (Fig. 4). The stockpiles of the Zmiiv
TPP have an impact on groundwater and chemical

composition in the area of Lyman village, the Lyman
and Chaika Lakes. For the TPP and coal CHP, the
storage of wastes, particularly ash and slag, is a
relevant ecological problem.

Technogenic load requires constant control
of the condition of the components of geological
environment, the main of which are soil and water-
bearing horizons, for the expedience and efficiency
of the environment-protective measures depend on
them. Therefore, determining the scales of pollution of
constituents of the geological environment, detection
of abnormality, designation of ranges of pollution is a
relevant task of geological-ecological studies.

Materials and methods

The content of heavy metals in ash, ash and slag
wastes and soil was studied using atomic absorption
analysis (AAA) on a C-115 spectrometer. For this
method, the lower limit of detection was 0.2 pg/mL
of extraction solution. Identification was not hindered
by the presence of other metals in the samples.

To determine the composition of solid non-
organic part of ash and slag, we performed X-ray
analysis. Studies were performed on an X-ray
diffractometer DRON -1.5 at the regimes of analysis:

Tmpact of ash and slag stockpiles on the ecosystem

— !

! —

Contamination of
eroundwater with
soluble substances

Dust transter
contaminates the
adjacent territory

Changes in Allocation of
hydrochemical large territories
parameters of for deposition of

neighboring water ash and slag
objects wastes

Dust transfer
affects
components of
plants

Development of
heightened
radiation
background

|

Fig. 4. Impact of ash and slag wastes and deposition sites of ash and slag wastes of TPP on the environment
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voltage U = 35kV, power of anode current [ anode
= 20 mA, velocity of circulation of a sample was 2
degrees/min; the speed of tape of the recorder was
600 mm/h. Copper electrode was used. To avoid
B-emission, the analysis was performed using Ni
filter and the method of powder diffraction. Specially
selected regimes of analysis allowed us to obtain high
resolution, especially when examining small amounts
of samples.

Results and their analysis

Content of separate toxic elements and heavy
metals, determined using AAA method, is presented
in Table 1.

Contamination usually is poly-elemental, and so
assessment of it requires calculation of parameter of
overall contamination (Zc), which reflects the additive
sum of the values of concentration coefficients that
exceed the background level (Buts, Yu., Krainiuk, O.
2006). Overall parameter of contamination (Z ) was
determined according to formula:

Z.= Zrlch - (n-1),

n —number of examined chemical elements.

According to the level of Z, the extent of
contamination was as follows: moderately dangerous
level at Zc < 16; average (allowable) level of

3)

Table 1. Chemical composition of ash and slag wastes of the Zmiiv TPP (mean values), mg/kg

Fe Cu Mn Cr As Cd Ni Pb Zn
Concentration of ash and slag, 2800 554 34 16 27 0.8 135 16 12
C mg/kg
Background content 1510 5.7 792 1.7 1.5 0.3 14.4 13.9 18.7
TLV 3 1500 6 2 3 4 30 23
Coefficient of contamination

18.5 0 2.7 13.5 0.3 33.8 0.5 0.5

(excess of TLV), K
Concentration coefficient, Kc 1.9 9.7 0 9.4 18 2.7 94 1.2 0.6

Despite the fact that the samples contained Cu,
Cr, As, Cd, Ni, Pb in concentrations that were several
times higher than the TLV (Table 1), the chemical
analysis of the samples of ash and ash and slag wastes
of the TPP indicated that these values may be dozens
of times higher. Therefore, for example, As in ash
may account for up to 58 mg/kg, Ni even up to 56 g/
kg, and Cr to 43 g/kg. In those samples, compared
with ash and slag wastes of other TPPs, the amounts
of Fe and Mn were small (Krainiuk E. V., 2004). We
determined that the acidity of aquatic environment
equaled pH = 8.8.

For the aforesaid conditions, we determined the
coefficient of contamination according to the formula:

Csample
K ==
TLV

; (1)

where Csample is actual concentration of the metal
in the soil (ash and slag wastes).

However, because in this case K does not take
into account regional specifics of the content of HM,

we calculated the concentration coefficient:

Csample
K, = =4rek
C
b

2)

where C, is regional background content of
element.
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contamination at Zc = 16-32; high level at Zc = 32—
128; extremely high level at Zc> 128.

For ash and slag wastes, the overall parameter
of contamination was Zc = 43, which corresponds to
high level. That means that this man-made horizon is
dangerous.

Migration of elements from ash and slag wastes
is determined by the properties of rocks embedded
beneath the ash stockpiles. Within the ash stockpiles,
the basis for the ash and slag layer comprises silt
loams, but they do not provide complete isolation of
groundwater from hydro alluvium. Thus, HM migrate
to groundwater and soils around the stockpiles through
infiltration of water from atmospheric precipitations,
drainage from water communications, filtration of
water through the base of ash stockpile of the Zmiiv
TPP.

To determine the contamination of soils near ash
stockpiles, we analyzed soil at the distance of 0, 5, 10,
50 and 100 meters from the stockpiles.

We determined decrease in concentration of HM
in soil further away from the ash and slag stockpiles
(Fig. 5). At the distance of 100 meters from the
stockpiles, we saw excesses of TLVs of Ni, Cu, As,
Cr (Fig. 6). Concentration coefficient was more than
1 for Cr, As, Cu, Cd, Ni. Only at the distance of 100
meters, did the concentrations of Pb and Zn reach the
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background values. Increase in Fe concentration at
the distance of 100 meters from the ash stockpiles,
compared with the sample at the distance of 50 meters,
had no pattern, and may be explained by error, for its
increase was only 2.4%, or by dust transfer (Fig. 4).

Calculation of total parameter of soil
contamination (Fig. 7) allowed us to identify these
soils as moderately dangerous and acceptable.
However, there are several significant disadvantages
to the Zc parameter. In particular, it does not take into
account differences between the potential dangers
from chemical elements, and also, most importantly,
synergic effects of polymetallic contamination.

Coefficient of synergic impact of heavy metals,
which was determined using the formula:

Zn Ci

1Ly,

<1, (4)

equaled 26.64 (in soil of ash stockpiles), further
decreased, but even at the distance of 100 meters it
was 11.23, i.e. at the distance of 0-100 m from the
ash stockpiles, the condition of absence of excess of
coefficient of total action of the unit was not satisfied.

Petrographic analysis using the method of im-
mersive preparations determined presence of poorly
melted quartz grains in the ash with distinctive pa-
rameters of refraction. In the periphery, isotropically
with N=1.470-1.490, and in the central part similarly
to quartz with N =1.554, N =1.543. There also occur
non-transparent brown ashes with semi-metal gloss
of grain of iron hydroxides, and also white, translu-
cent, poorly fibered grains of, probably, wollaston-
ite CaSiO, 3 Nq=1.632, Np=1.619. Often, there occur
yellowish brown grains with N _=1.645 represented
probably by compounds of aluminosilicates of iron.
Glass is also composed of mostly iron- aluminosili-
cates with N=1.625-1.638.

Ratio of mineral phases and glass varied, though
we have to note the dominance of aluminosilicates,
silicates of calcium and glass in ash and slag wastes
(Fig. 8).

Compounds of HM are mostly confined to amor-
phous clayey aggregates and soot-carbon formation
of ash, to a lower degree to slag glass and even less
to grains of quarzite sand. “Ash: and slag particles:
quarzite filling” was in the ratio 8-12: 61-64: 20-31%.

Migration of HM from ash and slag to the com-
ponents of the ecosystem depends on many factors,
one of the essential being the acidity of the environ-
ment. Earlier, we examined migration properties
of heavy metals by developing concentration loga-
rithmic diagrams (Buts Y., Kraynyuk O., Asotskyi
V., 2020; Y. Buts, V. Asotskyi, O. Kraynyuk, 2019;
Buts, Y., Asotskyi, V., Kraynyuk, O, 2018; Krainiuk
O., ButsYu., 2018; Krainiuk O., ButsYu., Nekos A.,
2019). Thus, one may assume that Cu, Ni, Zn and Cr
are characterized by low mobility in soil, thus accumu-
lating near the ash stockpiles, which is due to neutral
and poorly-alkaline values of soil pH (pH=8,0...8,5).

Usually, the contamination of territory around
stockpiles of ash and slag takes place only due to mi-
gration of HM from ash and slag, and due to wind
transfer of dry ash and slag from the surface of ash
stockpiles, dust.

Conclusions

Soils are depositing environments, their condition
may be considered an integral parameter of the
long term process of contamination of ecosystems.
Furthermore, contamination of soils is related to
contamination of the troposphere — the layer closest
to Earth’s surface, surface waters and groundwater.

We determined ash and slag of the Zmiiv TPP to
have poorly melted grains of quartz, iron hydroxides,
wollastonite, aluminosilicates of iron and slag glass.

Fig. 5. Dependence of HM content in soil on distance from stockpiles of ash and slag wastes
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Fig. 6. Dependence of HM content in soil on distance from stockpiles of ash and slag wastes
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Fig. 8. X-ray diagram of ash and slag wastes of the Zmiiv TPP

Ash and slag of the Zmiiv TPP contain Cu, Cr, As,
Cd and Ni in concentrations that several times exceed
the TLV.

As the ash and slag wastes of the Zmiiv TPP
are deposited, the contaminated water infiltrates,
adversely affecting the geochemical properties of
the soil and the hydrochemical properties of surface
waters and groundwater.

Even, at the distance of 100 meters from the
stockpiles, there were observed excesses of TLVs
of Ni, Cu, As, Cr in soil. Concentration coefficients
exceeded one for Cr, As, Cu, Cd, Ni. Only at the
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distance of 100 m did the contents of Pb and Zn reach
the background values.

Because ash and slag wastes contain such
fractions that may be easily transferred by wind,
we may presume that introduction of HM to the
ecosystem takes place by wind, which also contributes
to the pollution of the atmospheric air. The problem of
utilization of ash and slag wastes should be solved
by producing construction materials, and using them
in road building, but the composition of ash and slag
and probability of migration of TH depending on
conditions of use should be studied.
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Received: 14.03.2021 Abstract. Modern views on the role and importance of partnership marketing are the basis
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pandemic and the effect of restrictive measures. The presented article is aimed at the using
modern analytical and methodological tools for assessing the competitive status and marketing activity of the hotel and restaurant
enterprises and tourism business in the context of applying the principles of marketing partnerships and its implementation in practice
of tourism. The purpose of the article is to develop and implement a model of resource-activity potential management and the forma-
tion of a competitive status of hotel and restaurant business enterprises and the development of tourism industry based on marketing
of affiliate relations. With the help of the factor analysis it is formed the components and indicators of competitive status of the hotel
and restaurant enterprises and tourism business, emphasizing the importance of marketing activity in the field of the service promotion
and partnership with stakeholders as a reflection of mobilization and the full use of marketing potential. This methodical approach to
assessing the level of competitive status of the enterprises of hotel and restaurant industry and tourism business in the context of the
resource and activity support on the implementing principles of the concept of marketing partnerships is proposed. It is established
that enterprises have unstable dynamics of the integrated indicator of resource potential and activity, which indicates a lack of attention
from managers and managers of the hotel and restaurant business to the formation of partnerships with stakeholders on a long-term
basis. The results of the impact modeling of the marketing activity of the hotel and restaurant enterprises and tourism business on the
level of their competitive status allowed to propose the measures of managerial influence aimed at solving the problem of increasing
competitive status in the difficult conditions of the tourism industry. The practical value is the formation and implementation of the
activities aimed at the establishing long-term partnerships with stakeholders in order to form a competitive status of the hotel and
restaurant industry and tourism business.

Keywords: partnership marketing, tourism, hotel and restaurant business, tourism business, competitive potential

IlinBUIIeHHSI MAaPKETHMHIOBOI AKTHBHOCTI MiANPUEMCTB IOTEJIbHO-PECTOPAHHOIO Oi3Hecy fIK
MiATPYHTS PO3BUTKY IHAYCTPIii Typu3my
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Anortamisi. CyJacHI NONISIIM Ha POJb Ta 3HAYEHHS MAapKETHHTY NMapTHEPCHKUX BIHOCH CIYT'YIOTh OCHOBOIO Ul (DOPMYBaHHS
e(eKTHBHOI cTpaTerii KOHKYpPEHTOCIIPOMOKHOCTI IiAMPHEMCTB TOTEIFHO-PECTOPAHHOTO TOCIOApCTBA Ta TYPUCTUYHOTO Oi3HECy B
YMOBax KpHU3H TYPUCTHYHOI TaiTy3i 4epes3 MaHAeMito KOpOHaBipycCy Ta Jifo 00MeXyBallbHHX 3aX0/iB. [IpencraBieHa cTaTTs cipsiMoBaHa
Ha BUKOPHCTAaHHS Cy4aCHOTO aHAJIITHKO-METOAMYHOrO IHCTPYMEHTApil0 OLHIOBAaHHS KOHKYpPEHTHOIO CTaTyCy Ta MapKeTHHIOBOT
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AKTUBHOCTI MiANPUEMCTB TOTEIbHO-PECTOPAHHOTO TOCIIOAAPCTBA Ta TYPUCTUYHOTO Oi3HECy B KOHTEKCTI peasizauii NMPHUHIHUIIB
MapKeTHHI'y IapTHEPCHKUX BIIHOCHH Ta HOTO BIPOBA/PKEHHI B MPAKTUYHY IISUIBHICTB MPEICTaBHHUKIB TypUCTUYHOI chepu. MeTtoro
cTarTi € po3pobOKa Ta BIIPOBAIPKCHHS MOJEI YHPABIIHHS PECypCHO-IISUIBHICHAM IIOTEHIIaJIoOM Ta (OpMyBaHHS KOHKYPEHTHOTO
CTaTyCy MiANPHEMCTB TOTEILHO-PECTOPAHHOTO Oi3HECY Ta PO3BUTOK IHAYCTpIil TYpHU3My Ha 3acajiaXx MapKEeTHHIY MapTHEPChKUX
BITHOCHH. 32 JOMOMOTOI0 (DaKTOPHOTO aHalli3y C()OPMOBAHO CKJIQJOBI Ta MOKA3HUKU OIIHKH KOHKYPEHTHOTO CTaTycy MiANPUEMCTB
rOTEIbHO-PECTOPAHHOTO TOCIIOAPCTBA T4 TYPUCTHYHOTO Oi3HECY, 110 aKIEHTYIOTh yBary Ha BaXKJIMBOCTI MAPKETHHIOBOI aKTHBHOCTI
B cepi npocyBaHHs MOCIYT Ta peaisaiii HapTHEPChKUX BiJHOCHH 31 CTEHKXONZAEpPaMH SIK BiOOpaXKeHHs pe3ysibraty MoOimizarii
Ta MOBHOLIHHOTO BHKOPUCTAHHS MapKETHHIOBOTO MOTEHLIAy MiANPHEMCTB. 3aIpONOHOBAHO METOIMYHMI MiAXiJ O OLIHIOBAHHS
pIBHS KOHKYPEHTHOTO CTaTyCy MiANPUEMCTB TOTEILHO-PECTOPAHHOTO TOCIOAAPCTBA Ta TYPHUCTUYHOTO Oi3HECY B KOHTEKCTI
pecypCHO-IisIbHICHOTO 3a0e3MeyYeHHs] Ha MPUHIMIIAX peajizalii KOHLEMNIii MapKeTHHIY MapTHEPChbKUX BiIHOCHH. BcTaHOBIEHO,
110 MiAPUEMCTBA MAIOTh HECTAOUIbHY AWHAMIKY 1HTETPAIFHOTO MOKa3HUKA PECYpPCHO-IIsUIBHICHOTO MOTEHIIATy Ta aKTUBHOCTI, 110
CBITYMTH PO HEIOCTATHIO yBary 3 00Ky KepiBHHUKIB Ta MEHE/KEPIB MPEICTABHHUKIB TOTEILHO-PECTOPAHHOTO Oi3HeCy 0 HOpMyBaHHSI
NapTHEPCHKUX BIJHOCHH 31 CTEHKXOJIAEpaMM Ha JIOBFOCTPOKOBIH OCHOBi. Pe3ynbraTm MoJeiOBaHHS BIUIMBY MapKETHHIOBOT
AKTUBHOCTI IIANPUEMCTB TOTEIBHO-PECTOPAHHOTO TOCIOAAPCTBA Ta TYPHCTHYHOTO Oi3Hecy Ha PiBEHb IX KOHKYPEHTHOTO CTaTycCy
JIO3BOJIMUIM 3aIIPOIIOHOBYBATH 3aXOIH YIPABIIHCHKOTO BIUIMBY, CHPSIMOBAHI Ha BUPIIICHHS 3aBJAHHS IiABUINCHHS KOHKYPEHTHOTO
CTaTyCy B CKJIQJIHUX YMOBAX (YHKIIOHYBaHHS TYpPUCTHYHOI raiy3i. [[pakTiyna miHHICT OIATae y GOpMyBaHHI Ta peaizallii 3aX0o/iB,
CNPSMOBAaHHX Ha BCTAHOBJICHHS JIOBIOCTPOKOBHX MAPTHEPCHKHUX BITHOCHH 31 CTEHKXOJIIepaMu 3 MeTOI0 ()OpMYyBaHHS KOHKYPEHTHOTO
CTaTycy HiINPHEMCTB FOTEIbHO-PECTOPAHHOTO FOCIIOAAPCTBA Ta TYPUCTUIHOIO Oi3HeCy.

Kniouogi cnosa: mapkemunz napmuepcokux 6iOHOCUH, MYPUM, 20MeNbHO-peCMOpanie 20Cho0apcmeo, mypucmudnul 06isnec,

KOHKYpenmHuil NomeHyian
Introduction

In the context of the intensification of the crisis
phenomena at the level of the national economy due
to the pandemic and the effect of restrictive measures
for the enterprises of the hotel and restaurant
industry and the tourism sector of Ukraine, it has
become the need to determine the main directions
of the development which will ensure not only the
expansion of the production scale, but also create
the basis for their long-term effective functioning in
the interaction with the external environment. This
approach requires from the the hotel and restaurant
enterprises and tourism business to increase the level
of competitiveness, competitive status which are the
basic components in the system of planning activities
and forming a competitiveness strategy.

The issues of the competitive status formation
of the hotel and restaurant enterprises and tourism
industry in changing economic conditions, growing
instability of the environment and constant
transformation processes which dictate the new rules
for the market participants require increased attention
from scientists (Holliday, 2020).

The concept of marketing partnerships which is
based on a radical change in the approaches to the
role of relationships with stakeholders and identify
the strategic directions for their development allows
in today’s difficult conditions to identify the further
steps to ensure competitiveness and competitive
status through the long-term partnerships and areas
with all stakeholders. The strategic orientation of the
principles of marketing partnerships allows to ensure
competitive advantages and a stable competitive status
of the enterprises engaged in the provision of tourism
services (Honti, 1984; Porter, 1980). Based on the
promising areas of the principles implementation of

the marketing partnerships in the hotel and restaurant
industry and tourism business with the modern tools
using of the economic and analytical analysis there
is a direct need to assess the competitive status and
marketing activity as a basis for the competitive
strategy of the hotel and tourism business. establishing
long-term partnerships with the stakeholders.

The aim of the article is to develop and implement
amodel of the resource management and the formation
of the competitive status of the hotel and restaurant
business and the development of the tourism industry
on the basis of the marketing partnerships.

Literature review

In recent decades, many companies world-
wide in the various sectors of the national economy,
including the hotel and restaurant industry have a
tendency to individualize marketing, aimed at the
forming partnerships between the producers of
goods (services) and their consumers. Partnerships
are understood as “long-term mutually beneficial
cooperation” between the contractors and “long-term
privileged relations” which arise between the producer
and consumer of goods by serving each consumer
taking into account his specific needs and creating a
high degree of loyalty to the producer (Kotler, 2007).
Partnership marketing is a strategic collaboration be-
tween two or more firms that helps each firm to reach
its respective business goals (Gronroos, 2017). In
the work (Illiashenko, 2006), partnerships marketing
is proposed to understand the process of creating,
maintaining and expanding close cooperation with
customers, which involves the company’s focus
on serving each customer individually, taking into
account its specific needs and characteristics. Partner-
ship marketing can be defined as a mutually beneficial
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marketing relationship between a firm and another or-
ganization (Zeithaml, 1996).

The concept of marketing partnerships is
based on the fact that it is much harder to win new
customers than to increase the degree of loyalty of
existing ones. Therefore, the partnership guarantees
the hotel and restaurant business a stable economic
existence, low risk, the possibility of increasing
income and profits, especially in a general decline
in demand for travel services due to the coronavirus
pandemic and the introduction of restrictive measures
to prevent infection (Maxfield, 2009). The effects of
the economic recession and the COVID-19 crisis call
for more active support for the tourism industry (Ga-
bor, Contiu, Oltean, 2012). However, in 2019-2020,
many new challenges arose related to the effects of
the economic recession and the COVID-19 crisis,
which reduced the sustainability and performance
of the tourism industry (Popova et al., 2020; Kvach,
Piatka, Koval, 2020). These circumstances necessi-
tate more active support for the EU tourism indus-
try, taking the form of an independent national policy
(Holleran, 2020).

J. H. Gordon in (2001) notes that the concept of
marketing partnerships between the producers and
consumers in some ways differs from the “classical”
concept of marketing. The “Classical” marketing is
based on the fact that the manufacturers themselves
define and give the consumers value in the form of
what they consider a “commodity”. The content of the
interaction between producers and customers is the
exchange of the certain values. In accordance with the
concept of partnership marketing, the consumer firms
play a leading role in determining the value they want
to receive. The seller creates value with the buyer. The
total value they receive is distributed among them.

F. Kotler and K. L. Keller in (2007), proposing
the concept of holistic marketing; note the need for
the marketing relationships with the key market
partners and the internal marketing aimed at adopting
appropriate marketing principles by all organization
employees. They also consider the importance that
marketing is socially responsible for the areas of
ethics, ecology, laws and society. Thus, they focus
their marketing on establishing long-term privileged
relationships with all key stakeholders in the
organization.

Given the fundamental nature of the theoretical
and methodological developments, solving the non-
trivial task of the establishing partnerships with
stakeholders in the hotel and restaurant industry
in order to make effective management decisions
requires the modern tools using for assessing the
level of their competitive status in the context of the
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resource and activity support based on the principles
of marketing partnerships.

Methodology

With the help of the factor analysis it is formed
the components and indicators of competitive status
of the hotel and restaurant enterprises and tourism
business, emphasizing the importance of marketing
activity in the field of the service promotion and
partnership with stakeholders as a reflection of
mobilization and the full use of marketing potential.
To construct a dynamic simulation model of resource-
activity potential and the formation of a competitive
status of enterprises, a methodological dynamics
method is used, which allowed to reflect branched
causal relationships between variables. Given the
features of system dynamics models, they are an
extremely convenient tool for solving the problems
of researching competitive status, management of the
resource-activity potential of the hotel-restaurant and
tourist enterprises based on the implementation of
partnership marketing principles.

Results and discussion

Assessment of the enterprises competitive status
of the hotel and restaurant industry in the context
of the partnership marketing. The enterprises key
stakeholders who works at the hotel and restaurant
industry traditionally include investors, creditors,
enterprise managers, employees, suppliers, consum-
ers (customers of the enterprise), the public and state
organizations, as the successful operation of the hotel
and restaurant economy depends on the welfare of the
economy infrastructure of the region. Relationships
with stakeholders are dynamic complex relationships
that are constantly changing as the impact and state of
the business changes; are determined by the relation-
ship between people, so it is their values that particu-
larly affect the relationship.

The peculiarity of these relations is their focus
not only on the supply of goods, but also on the
supply of relations (Lew, 2006). According to the
ISO / WD 26000 project “Social Responsibility
Guide”, the category of “stakeholders” includes:
non-governmental organizations, local and regional
communities, consumers, suppliers, subcontractors,
customers, employees, shareholders (Gubanova et al.,
2019; Popova et al., 2019). According to Mendelow’s
model (1991), all stakeholders can be classified
according to two variables — their interests and their
power: 1) the power of the stakeholder determines his
ability to influence the organization; 2) the interest of
the stakeholder is determined by his desire to influence
the organization. Thus, the stakeholder scheme:
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Influence of the stakeholder = Power x Interest.

Thus, the establishment of long-term
partnerships with stakeholders allows hotel and
restaurant companies to solve the problem of forming
the competitive status of the company in changing
economic  conditions, growing environmental
instability and constant transformation processes that
dictate new rules for market participants (Makhitha,
2016; Koval et al., 2019; Yankovyi et al., 2020).

Closely related to the concept of the regional
stakeholders is the marketing component of hotel
and restaurant business which is of great importance,
especially in the face of fierce competition in the
tourism services market which has intensified in
the language of restrictive measures due to the
coronavirus pandemic. The effective use of the
available marketing opportunities of hotel and
restaurant enterprises with the favorable marketing
climate and the implementation of the principles of
marketing partnerships will provide the additional
competitive advantages, increase their competitive
potential (Mazaraki, 2015; Gorg, 2000). Competitive
position and competitive potential determine the
competitive status of hotel and restaurant enterprises
which is a prerequisite for achieving a new level
of competitive advantage and the desired level of
competitiveness in the crisis conditions and partial
loss of full-fledged activity during the strengthening
of quarantine measures (Richter, 2000).

Therefore, the competitive status is a real
characteristic of the hotel and restaurant industry
and is defined as the result of more effective than
the competitors management of the processes of the
formation and use of the competitive advantages and
potential, in particular, marketing. Therefore, the
competitive status is a real characteristic of the hotel
and restaurant industry and is defined as the result of
more effective than the competitors management of the
processes of the formation and use of the competitive
advantages and potential, in particular, marketing
(Boiko, 2013; Kaigorodova, 2018). We propose to
assess the competitive status of hotel and restaurant
enterprises on the basis of our resource and activity
potential study which is the internal factor in the
formation of competitiveness, as well as the influence
of external factors of the marketing environment
(the factors of production and infrastructure related
the industriesan demand parameters, competitors,
relationships with stakeholders) which characterize
the resource-active business (McKercher, 2004;
Chang, 2016).

Thus, the two-dimensional assessment of the
competitive status of hotel and restaurant enterprises
in the context of marketing partnerships is based on

the assessment of resource potential as a component
of competitive status which shows the possibilities of
its provision and the resource-active business as a
result of using this potential (Mikhno et al., 2021).
The study highlighted the local components of the
resource-activity potential and the resource-active
business of hotel and restaurant industry by the
components such as organizational-managerial, mar-
keting, production-personnel, financial-economic,
innovation-investment, organization, content and
working conditions which allowed to form a system
of the indicators for assessing the competitive status
of hotel and restaurant businesses in terms of mar-
keting partnerships (Koval, Slobodianiuk, Yankovyi,
2018). Components and indicators for assessing the
competitive status of the hotel and restaurant industry
and tourism business by the factor load are given in
the Table. 1.

The results show that more important in the
formation of competitive status among other aspects
of hotel and restaurant business and tourism business
is their marketing activity in the field of promotion
and partnership with stakeholders as a reflection of the
mobilization and the full use of marketing potential
(Kvach, Koval, Hrymaliuk, 2018).

On this basis the methodological approach to
assessing the level of competitive status of the hotel
and restaurant enterprises and tourism business in the
context of the resource provision on the principles of
implementing the concept of marketing partnerships
which allowed to determine the integrated indicators
of RAP, RAAby the taxonomic analysis for seven hotel
enterprises and restaurant business. The calculations
were made on the basis of the reporting analysis of
the enterprises of the hotel and restaurant industry in
Ukraine for the period 2016-2019. It should be noted,
that in order to prevent the impact on the image of
the investigated objects - enterprises the authors do
not «open» their names, but they are submitted under
numbers. To get the results tied to the real companies,
contact the authors of this study directly.

Assessment of the competitive status of hotel and
restaurant enterprises and tourism business includes
the following stages:

Stage 1. Selection and substantiation of the
assessment method — taxonomic (integrated) indicator
(according to the criteria of established standards);

Stage II. Determination of reference values and
criteria for assessing the enterprises competitive
status of the hotel and restaurant enterprises.

2.1 The formation of a matrix of standardized
values of the indicators of the enterprises competitive
status of hotel and restaurant business. The used
method for the standardizing the data is as follows:
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Table 1. Assessment indicators of resource-activity potential (RAP) and resource-active business (RAB) hotel and restaurant enterprises
and tourist business by the directions.

Aggregate Directions Indicators
Organizational and managerial Coefficient of decentralization of organizational management structure (X1)
potential (OMP) Coefficient of quantitative staffing of the management staff (X2)
g — Production and personnel potential Coefficient of the equipment use intensity (X3)
% IE (PPP) Professional flexibility coefficient (X4)
5 B
S Z
§ gi Financial and economic potential Accounts payable tumover (X5)
]
o~
(FEP) Accounts receivable turnover (X6)
Coefficient of cash flows from the financing activities (X8)
o — o o Labor distribution coefficient (X9)
S —_ Organization of labor activity (OLA) -
R Labor remuneration level (X10)
> o E
) B
o5 2 Working conditions (WC) Occupational safety factor (X12)
< a2
Marketing activity The coefficient of effectiveness of advertising and sales incentives, the
(MA) formation of partnerships with stakeholders (X1)
= - Production and personnel activity | Capital productivity (X2)
> =
g 3 .
§ 8 (PPA) Labor productivity (X4)
E Té Return on assets (X5)
g £ . . . ..
é’) =7 Financial ami;}(;)\n)omlc activity The coefficient of financial autonomy (X7)
Return on the bank borrowed capital (X8)
Innovation and(irlll:c;stment activity Return on the investment expenses (X9)
| Organization of labor activity (OIA) g;slt(r)l)butlon possibilities of working time in accordance with individual needs
2 El
§ g é Content of labor activity (C1A) Influence possibility on the way/method of work (X11)
é .§ E Satisfaction with sanitary and hygienic conditions at work as well as sanitary
= Working conditions (WC) and household services (X12)
Satisfaction with the aesthetic working conditions (X13)

where i — the serial number of the object of

xl.j—xl‘j

o

b

Z, . =
Lj

observation (from 1 to n);

j — indicator that characterizes the state of the

object (from 1 to m);
zij — normalized / standardized feature of the
indicator j for the enterprise and,

xij — the actual value of the indicator j in period i;

x jj— average value of the indicator;

6 — standard deviation.
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The formed matrix of the standardized values of
indicators has the following form:

(D ,
le Z12 cee l‘/'ll. Zln
Zy Zyy e Zon
Z =
Zy  Zy  eZge i,
Zml Zm2 ---ij- Zmn

2.2 Differentiation of the features of the matrix of
standardized values of the indicators: construction of a
vector of the development standard (P ) of competitive
status with the coordinates (x,) and distribution of the
features into the stimulators and destimulators.

2
Z(xl'j_xl'j)

z, =maxz, stimulator

z, =minz, destimulator

n
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2.3 Determining the distance of each object from
the reference point. Euclidean distance is used as a
measure of distance:

Cino = \/z(zzj _zUj)2
e

>

3)

e — standardized value of the j-* indicator i;

Z j — standardized value of the j-" indicator in

the reierence vector.

2.4 After calculating the Euclidean distance, the
following calculations are performed: —

average distance between objects (0 ):

g =
o

C.
| o @)

™3

L
n;j
standard deviation (O-O)

\/z (Cp = To)?
n

the maximally possible deviation from the

)

standard ( CO ):

(6)

C0:C0+2-0'0:

consolidated dynamic indicator of the level of

development (di )

d. = c io
1 CO .
Stage III. Assessment of the competitive status of
the hotel and restaurant enterprises according to the
generalized partial taxonomic indicator.
Determination of the taxonomic (integrated)
indicator (IT) of the competitive status of the hotel
and restaurant enterprises by the components of
resource-activity potential and resource-activity
activity is carried out according to the formula:

(7

I1 i = 1-d i (8)

Stage [V. Determination of the integrated indicator
of the level of competitive status of the enterprises is
carried out in a similar way (formulas (1) - (8), only
the values are used instead of II ; instead of
(standardized value of the j-t/ indicator).

As a result of calculations, the indicators of
the resource and activity potential of the hotel and

restaurant enterprises and tourism business were
transformed into the unit “Resource and activity
potential of the enterprise” (RAP), activity indicators
— into the unit “Resource-active business of the
enterprise” (RAB) (table. 2).

Table 2. Dynamics of the integrated indicators of resource-
activity potential (RAP) and resource-active business (RAB) of
the enterprises of the hotel and restaurant enterprises and tourist
business

Years

Enter- 2016 2017 2018 2019
prise

RAP | RAP | RAP | RAP | RAP | RAP | RAP | RAP
Nol | 0.42 | 0.89 | 0.89 | 0.59 | 0.85 | 0.80 | 0.84 | 0.91
No2 | 034 | 0.71 | 0.82 | 0.70 | 0.75 | 0.87 | 0.77 | 0.61
No3 | 0.45 | 0.65 | 0.83 | 0.72 | 0.64 | 0.69 | 0.65 | 0.56
No4 | 028 | 0.69 | 0.71 | 0.72 | 0.92 | 0.74 | 0.84 | 0.60
No5 | 0.41 | 0.76 | 0.66 | 0.72 | 0.59 | 0.65 | 0.53 | 0.61
No6 | 0.13 | 0.19 | 0.20 | 0.16 | 0.25 | 0.19 | 0.24 | 0.23
No7 | 048 | 0.70 | 0.68 | 0.66 | 0.60 | 0.65 | 0.59 | 0.66

It is established that the constant growth of the
general level of RAP and RAA for 2016-2019 years
is not observed in any of the studied enterprises of the
hotel and restaurant industry and tourism business, ie
the enterprises have unstable dynamics ofthe integrated
indicator. The low level of integrated indicators that
characterize the components of competitive status
was observed in 2016, but in 2017-2019 there was a
significant increase in this indicator at the surveyed
enterprises. Thus, item No 4 was the maximal value
of RAP 0.92 in 2018, which decreased slightly to 0.84
in 2019. A similar trend of dynamics (slight decline/
reduction) were inherent to the analyzed indicators
in 2019 compared to 2018, which indicates a lack of
attention from leaders and managers of the hotel and
restaurant business to the formation of partnerships
with stakeholders on a long-term basis.

The proposed approach to assessing the resource-
activity potential (RAP) and resource-active busi-
ness (RAB) of enterprises of the hotel and restaurant
industry and tourism business provides the qualitative
justification of the values of the result. According to
the established scale of intervals, the following levels
of resource-activity potential and resource-active
business and the characteristics of their competitive
status are distinguished: high [73-92] H), adequate
[53-72] (A), satisfactory [33-52] (S) and low [13-32]
(L)). Thus, the qualitative assessment of the indicators
of resource-activity potential (RAP) and resource-
active business (RAB) of the hotel and restaurant
enterprises, taking into account the marketing
component is presented in the Table. 3.

Modeling the impact of the marketing activity
of the hotel and restaurant enterprises and tourism
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Table 3. Dynamics of the indicators for assessing the level of
resource-activity potential (RAP) and resource-active business
(RAB) of the enterprises of the hotel and restaurant industry and
tourism business by the qualitative characteristics

Years

Enter- 2016 2017 2018 2019
prise

RAP | RAP | RAP | RAP | RAP | RAP | RAP | RAP
Nol | S| H|H|A|H|H|H|H
N2 | S| A|H|A|H|H|H]| A
No3 | S| A|H|A|A|A|]A]| A
Nod | L |A|A|A|H|H|H]| A
Nos | S |H| A|A|A]lA]lA]| A
N6 | L | L|L|L|L|L|L]| L
No7 | S| Al Al A|lA]lA]lA] A

business on the level of their competitive status. The
growing speed of the changes in the environment and
their low predictability increased competition in the
national market, globalization trends of competitive
markets and the negative impact of restrictive
measures on the market of tourist services determine
the feasibility and need for permanent improvement
of the internal factors and components of resource
potential (RAP) tools for their transformation into
resource-active business (RAB) tools of partnership
marketing.

Based on the system of the indicators for assessing
the resource and activity potential of the studied
enterprises of the hotel and restaurant industry and
tourism business in the areas listed in the Table 1, the
basic conceptual model management of resource and
activity potential and the formation of the competitive
status of the enterprises of hotel-restaurant and tourist
sphere constructed by the author in the PPP Vensim
will look as follows (Fig. 1).

The basic model is formed by three main types
of variables:

initial coefficients of the activity and potential
indicators which are the independent variables and
the values of which are set numerically;

the calculated variables that correspond to the
integrated assessments of the components of the RAP
(RAP) and RAB (RAB), calculated on the basis of the
methodology of the integrated rating assessment;

the resulting variables which are the indicators
of the state of the system and reflect the integrated
estimates of RAP (RAP) and RAB (RAB), the
coefficient of transformation of resource-activity
potential into activity (kEkc); the overall value of the
level of imbalance for all elements of the potential
of the enterprises of the hotel and restaurant industry
VRRDP (BPrdp).

The basic conceptual model of resource and
activity potential management (RAP) and the
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formation of the competitive status of the hotel and
restaurant industry clearly demonstrates the fact that
the improvement, including marketing activity (MA)
by the hotel and restaurant industry based on the
implementation of partner marketing principles and
relations and the establishment of long-term mutually
beneficial relations with stakeholders allows to solve
the problem of increasing competitive status in the
difficult conditions of the tourism industry.

The study proposes the measures of managerial
influence for the hotel and restaurant industry and
tourism business aimed at the increasing certain
components of RAP (RAP) and RAB (RAB) in the
context of marketing partnerships:

customer flow management based on the
attracting both new and maintaining existing ones
by meeting their needs and creating the favorable
conditions for long-term relationships;

ensuring continuous contact with the customers
in order to update their needs and create a unique
consumer value based on the high quality service and
responsible attitude of the staff to their responsibilities;

cooperation with suppliers and other stakeholders
involved in cooperation is based on the development
and implementation of joint plans and the strategies
aimed at creating joint assets.

Conclusion

The article implements the modern approaches
to the implementation of the principles of marketing
partnerships in the hotel and restaurant business and
tourism business in order to form the effective strategy
of competitiveness in the crisis of the tourism industry
through the coronavirus pandemic and restrictive
measures. The proposed set of tools allows to assess
the competitive status and marketing activity of the
hotel and restaurant industry and tourism business in
the context of the implementation of the principles of
marketing partnerships.

The results of the factor analysis allowed to
establish the components and indicators of the
competitive status of the hotel and restaurant
enterprises and tourism business with emphasis on
the role of marketing activities in the promoting
services and partnerships with stakeholders which
characterizes the mobilization result and the full use
of the enterprise marketing potential.

Assessing the level of competitive status of the
enterprises of the hotel and restaurant industry and
tourism business in the context of the resource and
activity support based on the principles of marketing
concept allowed to establish the levels of the resource
and activity potential and resource-active business of
the studied enterprises.



Kuzmynchuk N.V., DombrovskaS.V., Konarivska O.B., LeonenkoN.A., Chernobrovkina S.V., Asaulenko N.V. Journ. Geol. Geograph. Geoecology, 30(2), 306-314.

oup

xl-____________b
ax1 f_'____ﬂ-’
r’d *
MA =
P E—
VEP
P 5
VEA |3 T ]
»——m FEP
.= /
FEA |w— 5 %
mA ‘\ﬂ!ﬁ xs“
a7 //r
9
OZTDA “—haxs
\mg UTD
x]l]/v
UTDA
™ —ax10
ax11
RDA
F
RDP
dEBke
KBke(t-1) /

BPup

a2

Fig.1. Basic conceptual model of resource and activity potential management (RAP) and formation of competitive status of the

hotel and restaurant enterprises and tourism business.

Based on the results of the impact modeling
of marketing activity of the hotel and restaurant
enterprises and tourism business on the level of
their competitive status, the article proposes the
measures of management influence aimed at the
solving the problem of increasing competitive status
in the difficult conditions of the tourism industry. The
practical value of the results is the proposals for the
formation and implementation of measures aimed at
establishing long-term partnerships with stakeholders
in order to form a competitive status of the hotel and
restaurant industry and tourism business.

Further prospects of the research are to solve the
problem of forecasting the relationships structure of
the elements and the components of resource-activity
potential and resource-active business of the hotel and
restaurant enterprises and tourism busines, which will
increase the effectiveness of management measures
to maintain their competitive status through the
formation and use of competitive advantages in the
system of partnership marketing.
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Received: 04.02.2021 Abstract. The paper relevancy is determined by the need to substantiate the feasibility of
Received in revised form: 16.02.2021 restoring the ecosystem of the Sasyk estuary after its transformation into a reservoir (1978)
Accepted: 05.03.2021 and the unsuccessful desalination by the Danube waters for irrigation purposes. The paper

is aimed at assessment of the possible inflow of fresh water to the Sasyk estuary from the
Kohylnyk and Sarata rivers and their role in the formation of fresh water balance in the first half of the 21* century according to the
climate change scenarios RCP4.5 and RCP8.5. The main calculation method is the ‘climate-runoff” model, which uses meteorological
data as input data. Estimates of freshwater inflow into the estuary-reservoir are provided for various calculation periods: before 1989
(before the beginning of significant climate change in the North-Western Black Sea Region); in the period of 1989-2018 according to
the hydrometeorological observations; in 2021-2050, according to the averaged data from 14 runs of scenarios RCP4.5 and RCP8.5
under the EVRO-CORDEX project. Estimates of the average long-term values of freshwater inflow in natural conditions and the
conditions transformed by water management activity were obtained for each calculation period. It is found that owing to changes in the
regional climate for the period of 2021-2050, the total inflow of freshwater from rivers to the estuary in natural conditions will decrease
by 23.5 % (by RCP4.5) and by 38.5 % (by RCP8.5) in comparison with the reference period (before 1989). Taking into account the
impact of artificial reservoirs, the reduction in the river runoff will be 52.1 % (by RCP4.5) and 64.7 % (by RCPS8.5). It is defined, that
in case of renaturalization of the Sasyk reservoir into the estuary and the water inflow cut-off from the Danube river, the changes in
climatic conditions expected in the first half of the 21* century, combined with water management activity, will result in the increased
deficit of annual freshwater balance of the Sasyk reservoir up to 62 % under the RCP4.5 scenario and up to 75 % under the RCP8.5
scenario compared to the period before the emergence of climate change (before 1989). This change must be considered in scientific
substantiation of the project on a reversion of the Sasyk Reservoir to the original status of the estuary to ensure such conditions of water
exchange with the sea (for compensation of the water balance deficit), which will prevent the long-term trend of salinization.

Keywords: Sasyk estuary, water balance, freshwater inflow, climate change scenarios

OuiHka NPpUILVIMBY PiYKOBUX BOJ B JJMMAaH-BOA0CXoBH e CacuK 3a KIIMATUYHUMMU CLHEeHAPIAMU
RCP4.5 ta RCP8.5 na nepioa 2021-2050 pp.

Jlo6oma H.C., Tyuxosenxo O.C., Ko3nmoB M.O., Karuuceka 1.B.

Ooecwruil deporcasrull exonoeiunuil ynisepcumem, m. Odeca, Ykpaina, natalie.loboda@gmail.com

AHoTaujisi. AKTyanbHiCTh POOOTH 00yMOBJIEHa HEOOXIJHICTIO OOIPYHTYBaHHs JOLUIBHOCTI BiJJHOBJICHHS €KOCHCTEMH MOPCBHKOTO
nuMany Cacuk micist IepeTBOpeHHs ioro Ha BojpocxoBumie (1978) Ta HeBaloro ONpiCHEHHs AyHAHCHKUMHU BOJAMHM B ipHramiiiHux
niusix. MeTta po6oTH mossirae B OLIHII MOXKJIMBOTO NPHILTHBY NIpicHUX Box 1o auMmany Cacuk Bix pidok Korimsruk i Capara Ta ix
poui y ¢popmyBaHHI IpicHOTO BOgHOTO Ganancy B nepurii moxoBuHi XXI cropivus 3a kimiMarnaaumu cueHapismu RCP4.5 ta RCPS.5.
OCHOBHHMM METOZIOM PO3paxyHKIiB € MOIENb “KIIMar-CTiK’, sika BUKOPHCTOBYE Ha BXOJII MeTeoposoriuHi AaHi. OUiHKHA NPUILTHBY
NPICHUX BOJ J10 JUMaHy-BOJOCXOBHIIIA HaJaHi AJIs PI3HUX PO3PaxXyHKOBHX MepiofiB: 1o 1989 p. (1o moyaTKy 3HAYYIINX 3MiH KIiMaTy
Ha TepuTtopii [liBHiuno-3axinHoro [IpudopHomop’s); y nepiog 1989-2018 pp. 3a 1aHUMU T'iJPOMETEOPOIOTIUHUX CIIOCTEPEIKEHb; Yy
2021-2050 pp. 3a ocepenHennumu nanumMu 14 cumysniii cuenapiiB RCP4.5 Ta RCP8.5 npoexry EVRO-CORDEX. Orminku cepennix
0araTopiyHMX BEJHMUYHH IIPUTOKY IPICHUX BOJ B MIPUPOAHUX Ta IEPETBOPEHUX BOIOTOCIIONAPCHKOIO MisUTBHICTIO (TTOOYTOBHX) YMOBAaX
OTpHUMaHi IJIs1 KOKHOTO PO3PaxXyHKOBOTO IEpiony. YCTaHOBIIEHO, IO 33 paXyHOK 3MiH PerioHaJbHOTO KiimMary y nepion 2021-2050 pp.,
CyMapHHI TIPUILUTUB MPICHUX BOZ Bifl PIYOK A0 JMMaHy y MPUPOAHUX yMOBaxX 3MEHIHUTHCS Ha 23,5 % (3a RCP4.5) Ta na 38,5 %
(3a RCP8.5) y nopiBuszHi i3 6a30BuM (10 1989 p.) nepiomom. Ilpu ypaxyBaHHI BIUIMBY IITYYHHX BOJOWM 3MEHILICHHS CTOKY PiuOK
oyne cranoButu 52,1 % (3a RCP4.5) ta Ha 64,7 % (3a RCP8.5). BusHaueHo, 1o y pasi peHarypaiizaiii BogocxoBuma Cacuk B
MOPCBKHH JIMMaH Ta IPHUITMHEHHS HAJXOJUKEHHS JI0 HBOro Boxa p. JlyHail, 3MiHM KIIMaTHYHHAX YMOB, SIKI OYIKYIOTBCS Y TepIIiit
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nonoBuHi XXI CT., y MoeHaHHI i3 BOJOT0OCIOAAPCHKOO AisUTbHICTIO, MPU3BEAYTh J0 3pOCTAHHS AS(IIUTY PIYHOTO MPICHOTO BOIHOTO
6anancy Bomocxosumia Cacuk 110 62 % 3a cuenapiem RCP4.5 ta no 75 % 3a cuenapiem RCP8.5 nopiBHSIHO 3 epio1oM J10 posiBY 3MiH
kiiMary (o 1989 p.). Lli 3MiHE HEOOXiZHO BPaXxOBYBATH IIPH HAYKOBOMY OOTPYHTYBaHHI ITPOEKTY MOBEpHEHHs BojocxoBuina Cacuk
JI0 TIEPBHHHOTO CTAaTYCy MOPCBHKOTO JIMMaHy AJIs 3a0e3MeUYeHHS TaKHX YMOB BOJOOOMIHY 3 MOPEM (3 METOIO0 KOMIICHCAIl Ae(imuTy
BOJHOTO 0anaHcy), AKi YHEMOXKIUBIAT BAHUKHEHHS 0araTopiuHoi TeHCHIIT 3aCOIeHHs HOT0 BOA.

Knrouosi cnosa: numarn Cacuk, 600HULl 0ANAHC, NPUNIUSE NPICHUX 800, KAIMAMUYHI CYeHapii

Introduction

The urgency of providing estimates of freshwater
inflows into the Sasyk estuary based on climate
change scenarios in the 21% century is determined
by the directions of the Strategy (IPCC, 2014) to
reduce the climate change effects and consequences.
This study is related to the existence of risks of the
loss of biodiversity and the ecosystem functions and
services of the Sasyk water body in the case of its
renaturalization into the estuary owing to the reduced
freshwater inflow in modern climate conditions
and those expected in the 21% century. In the order
of the President of Ukraine of 30 September 2019
on ‘Sustainable Development Goals of Ukraine for
the period up to 2030°, “protection and restoration
of terrestrial ecosystems and facilitation of their
sustainable management...” in paragraph 15 is
identified as one of the goals. The main task of this
study is to substantiate the feasibility of restoration of
the functioning of the Sasyk water body as an estuary,
which in the last century for irrigation purposes
was converted into a reservoir by separating it from
the sea and desalination with the Danube waters.
However, satisfactory water mineralization has not
been obtained and now it functions as a freshwater
ecosystem with low water quality (Tuchkovenko,
2011; Lozovitskyi, 2013; Lyashenko and Zorina-
Sakharova, 2016). At present, fishery is the main
consumer of ecosystem services.

The research object includes changes in the
freshwater inflow from the rivers Kohylnyk and
Sarata to the Sasyk reservoir (estuary) depending on
climatic conditions and water management activities.
The subject of research is the assessment of possible
changes in the inflow of freshwater from the rivers
Kohylnyk and Sarata into the lake under the climatic
conditions of the first half of the 21 century.

The paper is aimed at an assessment of the
possible inflow of freshwater to the Sasyk (estuary-
reservoir) from the rivers Kohylnyk and Sarata and
their role in formation of the freshwater balance of
the estuary in the first half of the 21* century under
RCP4.5 and RCP8.5 climate change scenarios.

Description of the Object

Historically, the Sasyk estuary was formed in the
sea-flooded valley of the Kohylnyk and Sarata rivers
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and belonged to the closed estuaries at the North-
Western Black Sea Region; these estuaries were
separated from the sea by isthmuses and spits without
permanent channels. The water area of the estuary
is a pear-shaped, elongated from north to south, and
about 29 km long. The average depth of the estuary
reached 1.7 m. The estuary width varied from 3 km to
12 km. The length of the natural sand bar was 14 km,
the width — 150-250 m. Water exchange with the
sea occurred periodically during the outbreak of the
sandbar due to natural factors (storms, and changes in
water levels in the estuary and the sea). Mineralization
of the Sasyk estuary waters from the late 19" to the
first half of the 20" century ranged 12-28 g per dm’,
with the maximum values during periods of isolation
of the estuary from the sea (Lyashenko and Zorina-
Sakharova, 2016). Since 1958, when the estuary was
connected to the sea through the Kundutska Prorva
(‘deep hole’), water mineralization varied from
2 g per dm’ in the upper reaches of the estuary, to
which the Kohylnyk and Sarata rivers flow, to 18 g
per dm?® in the water zones adjacent to the sandbar.
On the coast of the estuary, there was a mud hospital.
In 1978, the Sasyk estuary was artificially
separated from the sea by a dam through widening and
strengthening the sandbar along which the highway
now runs. The main purpose of this construction
activity was to create a relatively deep freshwater
reservoir on the flat terrain. Salt water was pumped
from the estuary into the sea. Fresh water was supplied
from the Danube River to the southern part of the
estuary via the Danube-Sasyk Canal, 13.5 km long.
Thus, the estuary was turned into an artificial lake.
After filling-up with fresh water, the reservoir
should have been used for irrigation of agricultural
lands at the Danube-Dniester interstream area. Water
intake into the main canal of the Danube-Dniester
irrigation system was performed in the north of the
reservoir (Vyshnevskyi, 2000), whereto the rivers
Kohylnyk and Sarata flow (Fig. 1). However, during
the last two decades of the past century, a complete
desalination of the reservoir did not occur owing to a
number of miscalculations in the project. The water
quality in the estuary currently remains unsatisfactory:
a high mineralization of water is maintained, and the
maximum permissible concentrations of chlorides,
sulphates, heavy metals, phenols and pesticides
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Fig. 1. A schematic map of the geographical location of the Sasyk estuary and its tributaries

in the water are exceeded. The waters of the Sasyk
Reservoir are unsuitable both for drinking water
supply, municipal and household consumption,
and for irrigation. The water body ecosystem is
characterized by such environmental problems as
siltation, accumulation of contaminated suspended
solids that come with the Danube water, accumulation
and transformation of toxicants at all levels of the
ecosystem, including hydrobionts; water-bloom with
blue-green algae and, as a consequence, secondary
pollution of the reservoir with organic compounds;
accumulation of autochthonic organic matter, which is
caused (along with the slow external water exchange)
by the large volumes of nutrients coming from the
Danube waters. These phenomena negatively affect
fish farming, which developed intensively in the
first decades of the reservoir’s existence. In this
regard, the administration of Odessa Oblast, upon
the recommendation of research institutions of the
National Academy of Sciences of Ukraine, decided
to restore the ecosystem of the Sasyk estuary and
rehabilitate the adjacent areas (2015). To implement
such a solution, a scientific substantiation is needed.
In this substantiation, it is important to assess the
possible inflow of fresh water into the estuary from
the rivers Kohylnyk and Sarata in the future, since the
inflow of Danube water into it through the Danube-
Sasyk canal will most likely be cut off owing to
superfluous maintenance costs on the functioning of

the canal and greater pollution of the Danube water
compared to the sea water.

Materials and methods

The data of meteorological observations (average
long-term monthly values of precipitation and air
temperatures for the period from the beginning of
observations to 1989) for 24 meteorological stations
located within the North-Western Black Sea Region
and southern Moldova, the data of meteorological
observations in the period of 1989-2018, and forecast
values of meteorological characteristics in the
period of 2021-2050, 14 ensemble-averaged climate
model simulations according to RCP4.5 and RCP8.5
scenarios under the EURO-CORDEX project (Evans,
2011), were used in the paper. The use of ensemble-
averaged data results from the assumption that, in
the ‘average statistical trajectory’ for each of the
scenarios, the systematic errors of individual models
are compensated under averaging (Loboda and
Kozlov, 2020).

The method of the determining the annual
runoff parameters in natural conditions and the
conditions disturbed by water management activity
is based on the ‘climate-runoff” model, which uses
meteorological data and water use indices as the
inputs (Loboda, 2005). The model consists of two
parts. The first part simulates the natural (undisturbed
by hydroeconomic activity) annual runoff, using
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meteorological data as the input data. The theoretical
basis of the modelling is the equation of water-heat
balance for the catchment area in the modification of
V.S. Mezentsev, adapted to the conditions of Ukraine
(Kaczmarek, 1993). The results of applying this part
of the model to the calculations of water resources
in Ukraine according to global warming scenarios
were released in international publications in the
late 1990s (Snizhko et al., 2012). A similar balance
approach, presented in the Turk model (Turk, 1954),
is used by the Polish hydrologist Z. Kaczmarek
(Kaczmarek, 1993) to make forecasts of the changes
in annual runoff under conditions of warming in the
EU. Scientists S. Snizhko and I. Kuprikov used this
model in Ukraine (Snizhko et al., 2012).

The second part of the ‘climate-runoff’ model
is designed to determine municipal (transformed by
hydroeconomic activity) runoff. The equations of
hydroeconomic balances of the catchment area, given
in a probabilistic form, are the theoretical basis of this
part (Loboda and Phan Van Chinnh, 2004).

Calculations for the ‘climate-runoff’ model
consist of the following stages. In the first stage, the

zonal (climatic) runoff Ye is defined by the isoline

map. In the second stage, the natural Yv or Wy
(undisturbed by hydroeconomic activity) runoff is
calculated. For rivers with a constant subterranean
supply, natural and zonal runoff coincide. For
small and medium-sized rivers, where there is a
significant influence of the underlying surface, the

coefficients of transition K,,,. from zonal (climatic)
to natural runoff are developed. These coefficients
are identified depending on the average altitude
(height) of a catchment area H,,.,.. . In the third stage,
the anthropogenic impact coefficients are calculated
according to the data on the scale of hydroeconomic
transformations and the climatic conditions. The
calculated equations are realizations of the functions
of anthropogenic impact. These functions are a
generalization of the results of simulation stochastic
modelling (Loboda and Gopchenko, 2006).

The ‘climate-runoff” model was calibrated and
tested on the data for many watersheds of diverse
sizes located in various geographical zones of
Ukraine. The advantage of the model is that it uses
meteorological data at the input. Thus, the model can
be applied both to the areas insufficiently studied in
hydrological aspects and for making forecasts by
climate change scenarios (Gopchenko and Loboda,
2001). The accuracy of identification of the average
long-term values of annual climatic (zonal) runoff by
the isoline map comprises +10%.

The methods built on this model are included in
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the normative documents of the Republic of Moldova
in the section on calculations of the annual runoff
characteristics in the absence of observational data
(ACDTRM, 2012). The ‘climate-runoff’ model is used
for diagnostic calculations and forecasts of a runoff
for the rivers, which supply the closed estuaries at the
North-Western Black Sea Region, such as Tylihulskyi,
Kuyalnytskyi and Khadzhybeiskyi (Tuchkovenko
and Loboda, 2014; Loboda and Gopchenko, 2016;
Loboda and Gryb, 2017).

To estimate the inflow of fresh water from rivers
to the Sasyk estuary-reservoir, the following analytical
functions (Gopchenko et al., 2014), which consider
the effect of the main factors of water management
transformations at the river catchment areas, were
used. A coefficient of the influence of additional
evaporation from the water surface of artificial
reservoirs on the average long-term annual runoff K)L/
was calculated by the formula:

K=e ", ()

where f is the relative water surface area of

artificial reservoirs, %; &; is a coefficient that depends
on the rate of annual natural runoff Y.

To quantify the impact of irrigation from the

Danube River, a coefficient of anthropogenic impact
K: is defined by the following expression:

K!=10 +a,f, +byv,+d.E-mn , (2)

where fr is the relative area of irrigated land in
shares from the total catchment area; Vv, is a
dimensionless parameter of the soil moisture level,
average for the whole vegetation period, at which the
development of the relevant crop is optimal (for the
studied watersheds is equal to 0.9); ¢ is a coefficient
of return water from irrigated hydroeconomic areas,
depending on their location in relation to the river
course, which was set as equal to 1; 7 is an efficiency
of the irrigation system, which was set as equal to
0.75; &;,b,,d,,m, are coefficients that depend on the
average long-term runoff Y, .

For the North-Western Black Sea Region, the
accumulation of surface water in a large number of
artificial reservoirs, most of which dry up almost
every year, is of great importance.

The coefficient K- . characterizes the losses by
filling artificial reservoirs with water and is defined as
the ratio:

WN _WF — WHUN —
Wy

where W is the volume of natural runoff that
enters the reservoirs or ponds at the catchment area;



Loboda N.S., Tuchkovenko Y.S., Kozlov M. O., Katynska I. V.

Journ. Geol. Geograph. Geoecology, 30(2), 315-325.

Wr is the volume of filling; K5 - is a coefficient of
losses by filling of artificial reservoirs.

Calculations of the coefficient for the total impact
of various anthropogenic factors K = are
performed:

when there are two factors indenified by the
formula

K

Y.T0T

=K, +K; . -1, 4)
when there are three factors indenified by the
formula

K ©)

The average long-term value of municipal runoff
is identified by the formula

WMUN = K

:K?+K;,F+K?—2 .

Y., 70T

W , (6)

Where W,y is the volume of river runoff

v,ror

transformed by water management activity; Wy is
the volume of natural runoff.

To define the contribution of freshwater inflow
to the formation of the water regime at the Sasyk
reservoir, in the case of its renaturalization to the
initial status of the estuary, the fresh water balance
equation was used. Precipitation on the water level
of the reservoir and the inflow of freshwater from the
catchment area of the estuary with the runoff of rivers
are input components of the balance. Evaporation
from the water surface of the estuary is the output
component. The discrepancy of water balance is
calculated by the equation:

W =W, +W, =W, (7)

where oW is a discrepancy (deficit or surplus) of
annual fresh water balance, million m? per a year; W,
is a volume of precipitation that fell on the water
surface of the estuary, million m® per a year; W, is a
volume of water inflow to the estuary with a runoff of
the Kohylnyk and Sarata rivers, million m?® per a year;
W, is a volume of water evaporated from the water
surface of the estuary per a year, million m® per a year.

Assessment of the annual layer of evaporation
from the water surface of the estuary-reservoir at a
first approximation was performed by means of the
calculation formula (Ivanov, 1954), based on the data
on long-term average monthly values of temperature
and relative humidity:

E=0.01825+T,)’(100—R), (8)

where E is an evaporation layer (mm per a
month); 7, is a long-term average monthly air
temperature (°C); R is a long-term value of the
average monthly relative humidity (%).

Research results and discussion

The catchment area of the Kohylnyk River is
3910 km?, and this of the Sarata River is 1250 km?.
The average altitudes of the catchments are 130 m
and 100 m, respectively. The coefficients of transition
from climatic to natural runoff is equal to 0.55 for the
Kohylnyk River and 0.46 for the Sarata River.

Estimates of the freshwater inflow into the Sasyk
reservoir under natural conditions of runoff formation
were performed for diverse calculation periods. The
period before 1989 is the baseline. In accordance with
the research by V.V. Grebin, the year of 1989 was
recognized as a crucial in the pattern of fluctuations
in air temperatures over the flat terrain of Ukraine
(Grebin, 2010). The period of 1989-2018 corresponds
to the beginning of significant climate change. The
period of 2021-2050 is considered for two climate
change scenarios RCP4.5 and RCP8.5. Each of
the scenarios includes 14 runs under the EVRO-
CORDEX project. The ensemble-averaged data from
simulations are used in the paper.

The prognosticated changes in the average long-
term zonal runoffin the period 0£2021-2050 according
to the RCP4.5 and RCP8.5 climate scenarios (Fig. 2,
Fig. 3) allowed us to conclude that there is a tendency
to reduction in the water resources of rivers at the
Danube-Dniester interfluve, including the Kohylnyk
and Sarata rivers, in the future. If the reduction of
water resources at these rivers in natural conditions
of runoff formation owing to climate change has
been only 8 % in the modern period (Table 1), in the
coming decades it will reach 23.5 % (RCP4.5) or
38.5 % (RCPS.5).

Estimates of municipal runoff at various
calculation intervals were provided using the
anthropogenic impact coefficients calculated by
equations (1-5). In the last century, the rivers
Kohylnyk and Sarata were the part of the Danube-
Dniester irrigation system (Lozovitskyi, 2010). The
irrigation of agricultural areas with Danube water
taken from the Sasyk Reservoir was the main factor in
hydroeconomic activity. The coefficient of return

water impact K. was equal to 1.2 for the river
Kohylnyk (the relative area of irrigation by Danube
waters f, was 1.3 % of the total catchment area), and
2.8 for the river Sarata (f,= 6.2 %). The total
coefficient of anthropogenic impact K ., including
irrigation from local runoff and losses by additional
evaporation, was 0.99 and 2.7 for each river,
respectively. The significant water inflow from the
courses of the Kohylnyk and Sarata rivers, owing to
irrigation by the Danube waters, had negative features:
these waters were mineralized and did not contribute
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Fig. 2. Changes of the average long-term zonal annual runoff in the space (by the average statistical
model of RCP4.5 pathway) for the period of 2021-2050, compared to the basic data before 1989.

Fig. 3. Changes of the average long-term zonal annual runoff in the space (by the average statistical model
of RCP8.5 pathway) for the period of 2021-2050, compared to the basic data before 1989.

to desalination of the estuary (Bloshl et al., 2019).

In the modern period, there is virtually no
irrigation of agricultural areas within the Kohylnyk
and Sarata catchment areas with Danube waters.
According to the Basin Administration for Water
Resources of Rivers at the North-Western Black Sea
Region and the Lower Danube, the water surface area
at the Kohylnyk River catchment area makes up 0.866
thousand ha, the volume of artificial reservoirs is 11.43
million m?, and the relative water surface area is 0.22
%. At the catchment area of the Sarata River, the total
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volume of artificial reservoirs equals to 3.89 million
m?, and the relative water surface area is 0.33 %.

The results of identification of the volume of
municipal runoff for RCP4.5 and RCP8.5 pathways
are given in tables 2 and 3. Analysis of the dynamics
of changes in river water inflow in the context of
hydroeconomic transformations (Table 4, Fig. 4)
showed that the presence of artificial reservoirs within
catchment areas intensifies the reduction in water
resources at the studied rivers and their capacity to
provide the fresh water inflow into the reservoir.
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Table 1. Estimates of the average long-term volumes of natural annual runoff, identified by the climate-runoff model, for

various calculation periods

W , million m?

River Before 1989 2021-2050 2021-2050
efore R - -
a baseline period 1989-2018 RCP4.5 RCP8.5
Kohylnyk 58.2 53.6 45.1 36.6
Sarata 9.78 8.40 6.90 5.18
Total inflow 68.0 62.0 52.0 41.8
Changes in freshwater ) 882 235 385
inflow, %

Table 2. Assessment of the average long-term value of freshwater inflow in the period of 2021-2050 according to the scenario RCP4.5
in the runoff formation conditions disturbed by hydroeconomic activities

— Noliiisiob p Coefficients of anthropogenic impact -3 under B
. s artificial " . B oo il
River million | reservoirs o various factors of hydroeconomic activity L
2 S > , million m?
m million m? K i K; F.10T

Kohylnyk 43.9 114 0.22 0.74 0.95 0.69 303
Sarata 6.9 3.89 0.33 0.44 0.90 0.34 235
The total inflow 32.6

According to UN recommendations, a more than
50 % reduction in the average long-term annual runoff
leads to the destruction of water resources, and a more
than 75 % reduction — to their irreversible destruction.
Under the development of climatic events by the
RCP8.5 scenario while maintaining the current level
of anthropogenic pressure, it is possible to lose the
rivers Kohylnyk and Sarata as sources of freshwater
supply to the Sasyk estuary-reservoir.

In case of the renaturalization of the Sasyk
estuary-reservoir and the restoration of its natural
status as the estuary, the inflow of Danube water
into the water body through the Danube-Sasyk canal
will most likely be stopped, since this entails extra
costs to ensure operation of the canal and the related
hydraulic structures. Therefore, the annual freshwater
balance of the estuary will be defined by the equation
(7), i.e. without regard to the inflow of Danube
waters. According to the results of calculations of
its components (Table 5), in the first half of the 21st
century there had already been an increase in the
water balance deficit from — 9.7 million m® per a year
in the period until 1989 to — 35.2 million m® per a year
in the period of 2000-2018, and its further increase to
62.5 million m® per year in the period of 2021-2050
is expected under the RCP4.5 scenario and to 74.2
million m® per year under the RCP8.5 scenario.

It is important to notice that the results obtained
are in good agreement with the research of other
authors. The paper (Bloshl et al., 2019) shows that

according to the data of 1960-2010 a decrease in water
runoff comprising 5 % per decade is typical for the
studied area. This is accounted for by the increased
air temperatures in winter and their transition from
negative to positive values. The forecasts of climate
change in Ukraine according to 8 global models of
the RCP8.5 scenario for the periods of 2041-2070
and 2071-2100 illustrate the continuation of the
decreasing trends until the end of the 21st century. In
the Danube-Dniester interfluve, the average long-term
precipitation will fluctuate during the century within
+10 %. The average annual air temperature will rise up
to 4 Celsius degrees in 2041-2070 and up to 5 Celsius
degrees in 2071-2100 (Didovets et al., 2020). As a
result of rising air temperature and subsequent rise in
evaporation and reduction of fresh water inflow from
the catchment area, in the Sasyk estuary-reservoir
there will be an increase in the deficit of annual
freshwater balance, which, according to the estimates
given in the Table 5, will comprise 62 % in the period
of 2021-2050 under the RCP4.5 scenario and 75 %
under the RCP8.5 scenario, compared to the baseline
period before 1989. If this deficit is not compensated,
there is a long-term trend for reduction in the volume
of estuaries, their shallowing and, as a consequence,
there is an increase in salinity and deterioration of water
quality (the increased concentrations of nutrients and
pollutants, the deteriorated oxygen regime, etc.) for
traditional types of nature management (Tuchkovenko
and Loboda, 2017).
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Table 3. Assessment of the average long-term value of freshwater inflow in the period of 2021-2050 according to the
scenario RCP8.5 in the runoff formation conditions disturbed by hydroeconomic activities

— Volume:of p Coefficients of anthropogenic impact B under B
) Wy artificial i . . .- W o’
River million | reservoirs o various factors of hydroeconomic activity MUN
-, 11 3
il 5l - : million m
¥F K ¥ ¥.TOT
Kohylnyk 36.6 11.4 0.22 0.69 0.945 0,64 234
Sarata 5.18 3.89 0.33 0.24 0.88 0,12 0,622
The total inflow 24.0

Table 4. Estimates of the average long-term volumes of municipal annual runoff, identified according to the climate-

runoff model, for various calculation periods

— 1 3
e million m
e with]i‘::foredltggtig ith, Itjmﬂ lzigd 1989-2018 20 20712070
egard to donor without regard to donor RCP4.5 RCPS.5
rrigation irrigation
Kohylnyk 57.6 442 39.7 303 234
Sarata 264 4.99 3.78 235 0.622
Total inflow 84.0 492 435 326 24.0

There are two ways to stabilize the hydrological
and hydroecological regimes of ‘closed’ estuaries, to
which the Sasyk belongs, in the context of climate
change: (1) — restoration of the natural runoff of rivers
that supply the estuary with fresh water; (2) — provision
of water exchange of the estuary with the sea through
artificial connecting canals (‘sea-estuary’ canals) with
a delivery capacity that will ensure the necessary
flushing of the estuary with seawater (Tuchkovenko

and Loboda, 2017). Comparison of data on the
volume of natural (Table 1) and municipal (Table 4)
runoff of the Kohylnyk and Sarata rivers, expected in
the period of 2021-2050, with the values of the deficit
of fresh water balance of the estuary (Table 5) shows
that the first way is not capable to solve the problem
for the Sasyk estuary. When implementing the second
way, it should be taken into consideration that the
climate change, which occurred and is expected in

Changes of fresh water inflow,%

21989-2018

m2021-2050 RCP4.5

2021-2050 RCP8.5

Fig. 4. Changes in the average long-term inflow of fresh water from the Kohylnyk and Sarata rivers into the Sasyk estuary-

reservoir under various climatic conditions compared to the baseline period (before 1989)
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Table 5. Estimates of the components of the annual freshwater balance of the Sasyk estuary and its deficit for various calculation

periods
e Calculati iod : P-VP ’ W " illi ol s
No ation perio million m3 million m? per a year million m® per million m*® per a
per a year a year year
1 Before 1989 99.3 49.2 158.2 -9.7
2 2000-2018 100.5 34.0 169.7 -35.2
2021-2050
3 RCP4.5 pathway 88.2 32.6 183.3 -62.5
2021-2050
4 RCPS 5 pathway 84.9 24.0 183.1 -74.2

the 21st century, in particular a significant increase in
the freshwater balance deficit of the water body, leads
to a completely different hydrological situation than
that observed before the transformation of the Sasyk
estuary into a freshwater reservoir in the seventies of
the 20th century. The issue of ensuring the delivery
capacity of the ‘sea-estuary’ artificial canal (canals),
which will provide not only compensation for
the deficit of freshwater balance of the estuary by
seawater, but also the required speed of its flushing,
takes on particular relevance. Methodical approaches
to finding solution for this problem are considered in
(Kushnir and Tuchkovenko, 2020).

Conclusions

1. According to the ‘climate-runoff’ model
developed by OSENU (Odessa State Environmental
University), the estimates of freshwater inflow from
the Kohylnyk and Sarata rivers to the Sasyk estuary
are provided. The current and potential inflows
are defined for various climatic conditions and for
various factors of hydroeconiomic activity (irrigation
due to local runoff, irrigation due to the donor river,
losses by additional evaporation from the water
surface of artificial water bodies, losses by filling
of artificial reservoirs). The meteorological data
(average monthly precipitation and air temperatures
according to both observational data and climate
change scenarios) and information on the scale of
water management transformations at the catchment
areas are the input to the model. Based on the
application of the ‘climate-runoff’ model, the average
long-term parameters of natural and municipal runoff
of the Kohylnyk and Sarata rivers are identified for
diverse calculation periods, which correspond to
certain climatic conditions and predominant factors
of hydroeconiomic activity.

2. It is found that in the period of 2021-2050,

owing to the expected changes in the regional climate,
the total inflow of freshwater from rivers to the
estuary-reservoir will decrease by 23.5 % (according
to the scenario RCP4.5) and by 38.5 % (according
to the RCP8.5 pathway) compared to the baseline
period (before 1989). By virtue of the total impact of
artificial reservoirs and regional climate change, the
total inflow of freshwater from rivers to the reservoir
will decrease by 52.1 % (according to RCP4.5) and
by 64.7 % (according to RCP8.5) compared to the
baseline period of natural runoff (before 1989).

3. It is defined that in case of renaturalization
of the Sasyk Lake into the estuary and the water
inflow cut-off from the Danube River, the changes
in climatic conditions expected in the first half of
the 21st century, combined with water management
activity, will result in the increased deficit of annual
freshwater balance of the Sasyk reservoir up to 62
% under the RCP4.5 scenario and up to 75 % under
the RCP8.5 scenario compared to the period before
the emergence of climate change (before 1989). This
change must be considered in scientific substantiation
of the project on a reversion of the Sasyk Reservoir
to the original status of the estuary to ensure such
conditions of water exchange with the sea (with the
aim of compensation of the water balance deficit),
which will prevent the long-term trend of salinization
of its waters.
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Analysis of the monopolization level of raw material exports of Ukraine
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Received: 23.09.2020 Abstract. The formation of a competitive national economy of Ukraine is hindered by a
Received in revised form: 15.12.2020 weak system of monopoly control. The activities of oligarchic clans stimulated political
Accepted: 08.02.2021 lobbying, illegal influence on the management of independent enterprises, their raider

capture, which led to a slowdown in Ukraine’s technical progress, an increase in the hidden
economy and a decrease in its efficiency. The current trend of increasing exports of raw materials and the monopolization of major
export industries makes Ukraine’s economy even more dependent on the activities of several monopolists. The aim of this work was
to analyze the level of monopolization of the main Ukrainian export categories — agricultural and iron industry production. Methods of
this study were based on analysis of literature of the national authors, systematization and generalization of data of the State Statistics
Service of Ukraine, the Antimonopoly Committee of Ukraine and other open sources. The study found that the agricultural sector of
the Ukrainian economy has a dual structure — corporate (agricultural holdings) and individual farms (family farms and households),
which are characterized by different directions of development. The analysis of the regional presence of agricultural holdings showed
that the largest landowners cultivate land plots in almost all regions of Ukraine. At present time in the agro-industrial sector of Ukraine
corporate landowners control 18.4% of arable land, exist in the form of vertically integrated holdings specializing in the cultivation of
export-oriented crops. The study found that specific location of minerals explains the geographical location of iron industry enterprises
in Dnipro, Donetsk, Poltava and Zaporizhia regions. However, the geography of the place of registration of these holdings or their
parent companies includes Cyprus, the United Kingdom, the Netherlands and Switzerland. The group of companies Metinvest occupies
an informal monopoly position in the market of ore mining and steel production in Ukraine. Thus, the main items of Ukraine’s exports
are under control or are significantly influenced by a small number of vertically integrated holdings, which may indicate a low level
of competition. In these circumstances, one of the most important functions of the state in this area is to maintain a competitive
environment and limit monopolies. At the same time, the lack of quality legislation does not allow the state to fully regulate and
influence the real situation in the country.

Keywords: agricultural products, export, monopolization, iron industry
AHaJli3 piBHSI MOHOII0JIi3a11il CHDOBHHHOTIO €KCIIOPTY YKpaiHu

I1.0. MaxkapeHko

Tuemumym zeoepaghii HAH Vkpainu, Kuis, Ykpaina, m_peter@ukr.net

AnoTanisi. opMyBaHHIO KOHKYPEHTOCIPOMOKHOT HAIliOHAIBHOT €KOHOMIKM YKpaiHU MepelKo/pKae ciadka CHcTeMa KOHTPOIIO
MoHomnoi3anii. [isIbHICTE ONirapXiqHUX KJIAHIB CTHUMYNIOBaja MOJNITHYHE JIOOIIOBaHHS, IPOTH3AaKOHHHWH BIUIMB Ha KEPiBHUIITBO
He3aJIeXHUX MiANPUEMCTB, X peliilepcbke 3aXOIUICHHS, IO IIPHU3BEJIO 0 YHMOBUIBHEHHS TEXHIYHOTO Mporpecy YKpaiHH, 3pOCTaHHS
PiBHS TIHBOBOT €KOHOMIKH Ta 3HIDKCHHS 11 epeKTUBHOCTI. [CHyr04a TEHICHIIIS 10 301UIBIICHHS EKCIIOPTY CHPOBHHH Ta MOHOIIOJI3aIlist
OCHOBHHX Tally3ell eKCIIOPTY CTAaBUTb €KOHOMIKY YKpaiHH IIe B OUIbIIY 3a1€XHICTh Bif AiSUTBHOCTI KITBKOX MOHOIIONICTIB. MeToro
nanoi pobotu OyB aHasi3 piBHSI MOHOIIONI3aLlil OCHOBHHX Tany3eil ekcrnopty YKpaiHu — MPOAYKIT CIIbCHKOTO rOCIOAAPCTBA Ta YOPHOT
MeTanyprii. 3’s1coBaHO, 110 arpapHOMY CEKTOpY €KOHOMIKM YKpaiHU BlacTHBa AyajbHa CTPYKTYpa — KOPIOPATHBHI (arpOXOJIANHIH)
Ta iHAWBIyaJIbHI TOCTIOapCTBa (CiMeliHi pepMH Ta TOCIoapcTBa HaCEeJISHHs), SIKUM BIACTHBI PI3HOCHIPSIMOBAHI HAIIPSIMKH PO3BUTKY.
AmHaii3 perioHaIbHOI IPUCYTHOCTI arpOXOJIANHTIB OKa3aB, 10 HalO1IbIII KOMITAHII-3eMJIEBITACHUKH 0OPOOITIOIOTH 3eMEJIbHI ILISTHKH
Maibke B ycix obmactsax Ykpainu. [lokazaHo, 0 Ha JaHUI MOMEHT B arpONpPOMHCIOBOMY CEKTOp1 YKpaiHW CKIamacsi CUTYyallis, 3a
SIKOi KOPIOPATUBHI 3€MJICBIACHUKN KOHTPOIIOIOTH 18,4% 0OpoOMOBaHUX 3eMenb, iCHYIOTh y BHIVIAAI BEPTHKANBHO IHTETPOBAHMX
XOJIIMHTIB, SIKi CIIeHiali3ylOThCsl Ha BHPOILYBAaHHI €KCIOPTHO-OPIEHTOBAHUX KynbTyp. [lokaszaHo, mio crenudika po3TalryBaHHS
KOPHUCHUX KOIAJIMH MOSICHIOE TeorpadivyHe po3TallyBaHHS MiIIPHEMCTB 4opHOI Metanyprii B JIHimponeTpoBcbKiil, JoHenbKii,
[MonraBepkiii Ta 3anopi3pkiit o6macTsx. IIpote, reorpadist Micus peecTpanii UX XOJIIUHTIB 200 X MaTePUHCHKUX KOMIIaHIH, SIKi BEAYTh
OCHOBHY JIISUTBHICTE B YKpaiHi, Bkirodae B cede Kinp, Bemuxobpuranito, Hinepmanau Ta IlIBeiinapiro. Hedopmansae MoHONONBHE
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CTaHOBHUIIE HA PUHKY BUJIO0YTKY Py/AU Ta BUPOOHMIITBA CTANi B YKpaiHi 3aiimae rpyna komnaniil «MeTiHBecT». TakuM 4HHOM, TOJIOBHI
CTaTTi eKCIopTy YKpaiHU € MiAKOHTPOJBHUMH 200 MiANaaaroTh il 3HAYHUI BILTMB HEBEIUKOT KITLKOCTI BEPTUKAIBHO IHTETPOBAHUX
XOJIJTMHTIB, III0 MOXKE CBIUUTH MPO HU3BKUH piBeHb KOHKYpEHIl. B maHux ymMoBax ofHI€I0 3 HAWTOJIOBHIMMX (YHKIH JepikaBH B
IaHii cdepi € mATPIMKa KOHKYPEHTHOTO CEPEIOBHIIA Ta 0OMEKEHHSI MOHOTIONI3MY. BotHOYAC, BIZICYTHICTB SIKICHOTO 3aKOHO/IABCTBA
HE JI03BOJISIE JIep>KaBi TIOBHOIO MIpOIO PETYJIIOBATH Ta BIUIMBATH HA PealbHy CHTYaIlI0 B KpaiHi.

Knrouoei crnosa: npodykyis citbCbko2o 20Cno0apcmed, eKCnopm, MOHONONI3AYIA, YOPHA Memanypaisi

Introduction

Ensuring the competitiveness of the domestic
economy is one of the most pressing issues over the
past 30 years. Ukraine remains an outsider in the
global competitiveness ranking, lagging far behind in
many macroeconomic parameters and in the business
environment, market monopolization, institutional and
legislative level not only from developed countries but
also from countries with transformational economies
(Fyliuk, 2015).

The process of monopolization of the economy is
controversial. On the one hand, monopolies have more
opportunities to develop production, finance research,
create and implement innovations. Monopolies are
more large enterprises, which are characterized
by the highest efficiency and lowest production
costs. However, monopolies set monopolistically
high prices and in a situation of weakening or lack
of competition inhibit scientific and technological
progress  (Kovalchuk,  2013). State-created
monopolies governed by administrative means and
monopolies created by oligarchic financial-industrial
groups based on the principle of monopoly niches are
areal threat to Ukraine’s competitiveness. The biggest
negative consequences of this situation are the rapid
decline in competitive advantage for most industries
in the country (Chernelevs'ka, 2014).

The formation of a competitive national
economy of Ukraine is also hindered by a weak
system of monopoly control. According to the
Antimonopoly Committee of Ukraine, the markets
of crop and livestock products, certain branches of
light industry, construction services, most of financial
activity services are characterized as markets with
a competitive structure, and markets for mobile
services, coke, gasoline, beer have an oligopolistic
structure (Krykunova, 2014). The restraint of
demonopolization of certain markets in the domestic
economy is explained by the use of administrative
resources, which significantly complicates the
development of competition. Thus, during the years
of independence, the Cabinet of Ministers of Ukraine
consolidated state assets and created state joint-stock
companies in the mining and mining industries,
medical and microbiological industry, oil and gas
industry, elevator, flour and cereals and fodder

industry, as well as 24 companies in the engineering
industry (Chernelevs'ka, 2014).

At the same time, there is a growing influence of
informal monopolies operating through non-market
instruments through the pooling of power and capital
(Lahutin, 2012). A significant part of monopolized
commodity markets in Ukraine is formed due to
natural monopolies in such industries as electricity,
communications, transport and utilities (Kovalchuk,
2013). At the same time, the activities of oligarchic
clans stimulated political lobbying, illegal influence
on the management of independent enterprises, their
raider seizure, which led to a slowdown in Ukraine’s
technical progress, increasing the shadow economy
and reducing its efficiency (Taranych, 2019). The
country failed to realize an investment and innovation
breakthrough, to reform the structure of the economy
in the direction of knowledge-intensive industries,
which was a consequence of the monopolization of
strategically important markets for economic growth
and economic security (Fyliuk, 2015).

Since the 1990s, Ukraine’s foreign trade has
been characterized by excessive dependence on raw
material exports. During the period of 2015-2019,
the basis of exports was represented by agricultural
products (primarily crop production) and ferrous
metallurgy, which averaged 57.78% of the total
exports of goods (Ukrstat). Given the specifics of these
industries, they are characterized by the creation of
vertically integrated associations of enterprises, which
encourages the consolidation of such associations in
one hand. Thus, the current trend towards increasing
exports of raw materials and the monopolization of
major export industries puts Ukraine’s economy
even more dependent on the activities of several
monopolists.

The purpose of this work was to analyze the level
of monopolization of the main exports of Ukraine -
agricultural products and ferrous metallurgy.

Materials of the article and methods of research

Analytical and analytical-statistical research
methods are used in the work, in particular, anal-
ysis of literature of domestic authors, system-
atization and generalization of data of the State
Statistics Service of Ukraine, the Antimonopoly
Committee of Ukraine and other open sources.
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Results and their analysis

Attracting investment, as one of the main tasks
of reforming the agricultural sector, in the conditions
of Ukrainian agriculture was realized by the
expansion of large capital, and the existing corruption
component created a specific model of agriculture. In
this structure, it is possible to distinguish two types of
producers: corporate (agricultural holdings, vertically
integrated structures, business associations, etc.) and
individual (farmers and households) (Borodina &
Prokopa, 2012).

Since the 2000s, the formation of corporate
capitalism and the capitalization of agricultural
production has begun in the agricultural sector
of Ukraine’s economy. This was based on the
concentration of agricultural land and the attraction
of industrial capital, which became possible as a
result of legislative changes in the formation of
holding structures, including in the field of production
and processing of agricultural products. Holding
companies were formed by the acquisition of one
business entity by another in the privatization process.
At the same time, some enterprises (metallurgical,
coal mining, financial industries, etc.) were included
in the agro-industrial sector, receiving part of the
illiquid property as payment of debt (Ghutorov, 2012).

A comparative analysis of statistical data on
sowing results provided by producers of three
categories - OSG (personal farms), farmers and
holdings - showed that as of June 1, 2019, the total

Farms in the amount of 38.268 thousand (which was
less by 1.133 thousand compared to 2018) managed
15.9 million hectares, which was 81.6% of the total
crop area. At the same time, holdings increased the
arable land to 3.6 million hectares, which was 18.4%,
respectively (AgroPolit.com, 2019).

At the same time, the existing dual structure of
the agricultural sector is characterized by different
directions of development of its individual parts -
corporate and individual farms (family farms and
households) have occupied their niches (Borodina &
Prokopa, 2012).

Individual farms work in a low-cost and labor-
intensive niche - growing potatoes, vegetables, fruits,
dairy farming, etc. - and are aimed at meeting the
needs of the population and filling the domestic food
market. However, it was individual farms that provided
production of up to 60% of gross agricultural output
throughout the transformation period of the Ukrainian
economy. The corporate sector monopolizes resource
markets, especially financial ones, sales channels, and
produces export-oriented, commercially attractive
products. In addition, it has an influence on the
formation of state agricultural policy and has access
to state support (Borodina & Prokopa, 2012).

This is partially confirmed by statistical data on
the dependence of production volumes and the size of
the enterprise in the cultivation of major export crops
of Ukraine in 2019 (Fig. 1). Thus, enterprises with a
sown area of 2.000 hectares produce 41.5% and 36.1%
of the total production of cereals, legumes and corn,

Table 1. Comparative characteristics of the area of sowing crops by different types of agricultural producers (AgroPolit.com, 2019)

The size of the crop area, ha | Quantity, pcs Crop area, ha % of the total area of crops
o 500 31097 3047501 15.7
500-1000 2688 1930809 9.9
1000-5000 4130 8546973 439
E 5000-10000 353 2351952 12.1
10000-20000 92 1213451 6.2
& 20000-50000 59 1748738 9.0
=
g
= <more than 50000 9 609267 3.1

number of companies that reported sowing was
38.451 thousand (table 1). OSG sowed 8.393 million
hectares, and legal entities - 19.449 million hectares.
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respectively. In the case of wheat cultivation, this
figure is 18.3%. Enterprises with sown areas from 200
ha to 2000 ha grew a total of 66.1% of wheat (Ukrstat).
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Fig.1. Dependence of production volumes and size of the enterprise when growing major export crops in 2019 (Ukrstat)

In addition, the capabilities of corporate agro-
industrial enterprises allow for significant research
and implementation of innovative approaches and
technologies. Despite the fact that one of the typical
features of small sized foreign farms, especially
family type, is a higher yield per hectare, in Ukraine
the situation is reversed (Fig. 2). According to Ukrstat,
in 2019 the yield per 1 hectare grew with the increase
in the size of the enterprise. This is less observed in

Analysis of the largest agro-industrial holdings
as of 2020 is shown in the table.2. The first ten largest
agricultural holdings in Ukraine have a total land
bank of 2.660 million hectares, while the first three
have 1.400 million hectares (latifundist.com).

The analysis of the regional presence of
agricultural holdings showed that the largest
landowners cultivate land plots in almost all regions of
Ukraine. Some holdings with a land bank of less than

100,0

90,0
800 —_—
z _ 700 /———-—"'—"—_——_
T2 60,0 ——
27 500
Y 400 —_—

30.0

20,0

10,0

0.0 . . . . 1

<100 100-200 200-500 500-1000 1000-2000  2000-3000 =3000
Planting acreage, ha
——Cereals and legumes ——Wheat ——Com

Fig.2. Yield of the main export crops depending on the area of crops of the enterprise in 2019 (Ukrstat)

the example of wheat cultivation, but the yield of corn
and grain crops at enterprises larger than 3000 ha is
higher by 30.5% and 45.3% (Ukrstat). Agricultural
holdings tend to monocultural production, and their
focus on foreign markets leads to the displacement
of labor-intensive crop and livestock products,
imbalance of local agricultural complexes and food
markets (Kyrylov, 2014; Gheec, 2010).

200.000 hectares have a certain regional consolidation.
For example, Continental Farmers Group’s activities
are limited to the western region, HarvEast plots are
concentrated in Donetsk and two northern regions,
Industrial Dairy Company is present in the north-
eastern region, and Ukrprominvest cultivates land in
the central and south-western regions of Ukraine.
Having analyzed the above, at present in the
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Table 2. The largest agro-industrial holdings of Ukraine by land bank, 2020 (latifundist.com)

Name of the holding Land area, Regional location Owner
thousand ha
Ternopil, Odessa, Mykolaiiv, Kirovohrad, Cherkasy,
Kernel 530 Poltava, Sumy, Chernihiv, Kharkiv, Dnipro, Khmel- | Andriy Verevsky
nytsky regions
Ukrlandfarming 500 22 regions of Ukraine Oleg Bakhmatyuk
. Kyiv, Cherkasy, Poltava, Sumy, Dnipro, Donetsk, .
Myronivsky HP 370 Kherson, Vinnytsia, Ivano-Frankivsk regions Yuri Kosyuk
Agroprosperis 300 gﬁmtz’mchrerKnlll};rll\ghIl( %:liklvi“:rzlc:a\i?’[zgreyf;:l’ n and “NCH Capital” (George Rohr
Eroprosp ytomyr, YISKY, P, - VOl and Maurice Tabasinique)
Lviv regions
. Poltava, Vinnytsia, Ternopil, Khmelnytsky, Kharkiv, .
Astarta-Kyiv 233 Cherkasy, Chernihiv and Zhytomyr regions Victor Ivanchyk
Continental Farmers 195 T.emgpll, Khmglnytsky, Ivano-Frankivsk, Cher- SALIC Ltd. (Saudi Arabia)
Group nivtsi, Lviv regions
Epicenter K 160 Cherkasy,.Khmelnytsky, Kyiv, Ternopil and Vin- Galyna Gerega and Oleksandr
nytsia regions Gerega
Donetsk, Kyiv and Zhytomyr regions “System Capital Manage-
ment” (Rinat Akhmetov) and
HarvEast 127 “Smart Holding” (Vadim
Novinsky)
Industrial dairy company | 123 Poltava, Chernihiv, Sumy regions Oleksandr Petrov
. Vinnytsia, Zhytomyr, Cherkasy, Poltava, Dniprop- “Ukrprominvest” (Petro Poro-
Ukrprominvest-Agro 120 etrovsk and Kirovohrad regions shenko)

agro-industrial sector of Ukraine there is a situation
in which corporate landowners control 18.4% of
arable land. However, these companies exist in the
form of vertically integrated holdings that specialize
in growing export-oriented crops. In connection with
the adoption of the Law on the Land Market No 2178-
10, the existing agricultural holdings will have the
opportunity to further increase the land bank.

The second largest goods export group after
agricultural products are metallurgical industry
products. The structure of exports of metallurgical
products is characterized by a significant share of
semi-finished products, i.e. products with low added
value. Thus, semi-finished products accounted for
43% of total exports of hardware in 2018 (Hrynko
& Androsova, 2019). In general, the structure of
production of the main categories of products of
the metallurgical complex for 2019 is shown in the
Fig.3. Compared to 2018, the production of cast iron
decreased by 2.4%, steel - by 1.2%, and rolled metal
- by 0.9% (Ukrmetalurgprom, 2020).

In contrast to the agricultural sector, the
specifics of this industry determines the presence
of large enterprises in the first place. The modern
metallurgical industry of Ukraine is represented by
large diversified groups of companies in the form
of vertically integrated, horizontally integrated and
conglomerate business groups (Kasianchuk, 2016).
This can be explained by the fact that the creation of
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vertically integrated companies based on mining, coke
and metal, allows to reduce VAT by almost two times,
which is reflected in a 20 percent reduction in unit
cost. That is, the vertical integration of metallurgical
industry structures reduces tax, management and
technical costs (Plavshuda, 2013).

At the same time, privatization processes that
accompany the creation of holding structures primarily
satisfy the private interests of the owners of these
enterprises and deprive the state of the opportunity
to influence this area (Plavshuda, 2013). Thus, the
constant influence of lobbyists on the Verkhovna Rada
and the Cabinet of Ministers of Ukraine facilitated the
adoption of laws, regulations and other regulations,
which allowed some enterprises of the mining and
metallurgical sector to receive installments of some
payments to the budget at various levels, reduced
tax deductions, etc. Mazur & Skoroxod, 2009). At
the same time, the funds saved were not used for the
development and construction of production capacity,
especially during periods of extremely high prices
for raw materials and ferrous metallurgy products
and, consequently, surplus profits (for example, in
2010 the annual profit from iron ore exports alone
was about 4 billion USD.) (Mazur, 2016). As a result,
insufficient modernization and loss of industrial
capacity in Donbass (approximately 3.3 million tons
of steel per year) (Hrynko & Androsova, 2019) led to
a decrease in steel production by 53.04 between 2008
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Pig Iron

Fimighed Products
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Fig. 3. Production of the main categories of products of the metallurgical complex for 2019 (Ukrmetalurgprom, 2020).

and 2018. %, from 42.8 million tons to 20.1 million
tons annually (World Steel Association).

As of 2018, in the market of ferrous metallurgy
of Ukraine the dominant position is occupied by
several largest holdings (Table 3). The specific
location of minerals explains the geographical
location of ferrous metallurgy enterprises. The main
areas for their concentration are Dnipropetrovsk,
Donetsk, Poltava and Zaporizhia regions. However,
the geography of the place of registration of these

low rents for iron ore mining and are subsidized by
Ukrzaliznytsia (Gholovnjov & Vinnichuk, 2019).
However, this holding reflected the crisis situation
in the metallurgical industry that has developed
in the Ukrainian market in recent years - in 2017,
Metinvest for the first time in its history showed
losses, while only profit was recorded before (Hrynko
& Androsova, 2019).

Most The majority of other companies in the
industry are integrated into the holding structures

Table 3. The largest enterprises in ferrous metallurgy of Ukraine (Gholovnjov & Vinnichuk, 2019)

Total income, billion | Regional location

Name of Company UAH. 2018 Owner

Dnipro, Donetsk, “System Capital Management” (Cyprus,
Metinvest 323 Luhansk, Zaporizhia | Rinat Akhmetov) and “Smart Holding”

regions (Netherlands, Vadim Novinsky)
ArcerolMital Kryvyi Rih | 68 Dnipro region ArcerolMittal, Luxembourg
Ferrexpo 35 Poltava region Kostiantyn Zhevago, registered in Swit-

zerland

Interpipe 292 Dnipro region cEsls(gOne , (Great Britain, Victor Pin-

holdings or their parent companies, which have their
core business in Ukraine, includes Cyprus, the United
Kingdom, the Netherlands and Switzerland. Thus,
most metallurgical enterprises in Ukraine are owned
or controlled by large financial and industrial groups
(Hrynko & Androsova, 2019).

The Groups of companies Metinvest holds an
informal monopoly position in the market of ore
mining and steel production in Ukraine and in 2018
was the largest company in Ukraine; however, some
sources claim that the privatization of the holding’s
assets took place without competition and at a reduced
cost, and the group’s companies pay extremely

of individual businessmen (Konstantin Zhevago,
Viktor Pinchuk) and the international corporation
ArcerolMital. Thus, one of the main items of raw
material exports of Ukraine is fully controlled by
individual holdings owned by oligarchs and foreign
companies.

Some studies argue that to address the situation
in the metallurgical industry, first of all, it is necessary
to create a state regulatory organization, the purpose
of which should be to develop regulations for
metallurgical enterprises, cooperation with investors
to attract innovation, ensure the introduction of
new energy-saving technologies and environmental
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protection technologies, purchase of new equipment
that will stimulate the production of high quality
products and will change the existing paradigm of
dependence on exports of raw materials and low
competitiveness in international markets (Hrynko &
Androsova, 2019).

The experience of the world leader in metallurgy
- China can also help Ukraine in this situation.
Establishing a full production cycle in the country,
deepening research, improving the technical and
engineering base, expanding intersectoral cooperation,
especially with the chemical industry will improve
the properties of steel and cast iron (Hrynko, 2013).

Conclusions

The monopoly of certain sectors of the economy
destroys competition as the basis of market self-
regulation. In the Ukrainian economy, the main
export items - products of agriculture, mining and
metallurgical complexes - are controlled or subject to
significant influence of a small number of vertically
integrated holdings, which may indicate a low level
of competition. In these circumstances, one of the
most important functions of the state in this area is
to maintain a competitive environment and limit
monopolies. At the same time, the lack of quality
legislation does not allow the state to fully regulate
and influence the real situation in the country.
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RecezZved: .25'03.'2021 Abstract. Hematite quartzites are a product of weathering of magnetite quartzites, which
Received in revised form: 20.04.2021 make up the ferruginous horizons of deposits of the Precambrian banded-iron formation.
Accepted: 28.04.2021 They occur all over the planet. The largest deposits are found in the iron-producing areas

and basins of Central Kazakhstan, the Kursk magnetic anomaly, the Karelian-Kola region,
Western Australia, Southeastern India, Brazil, the United States, and Canada. The geological and mineralogical issues of hematite
quartzites as raw materials for producing concentrate and sinter ore have been studied most deeply and comprehensively for the
deposits of the Kryvyi Rih basin and Central Kazakhstan. However, when developing an effective scheme for producing high-quality
metallurgical raw materials, the mineralogical features of hematite ores have been taken into account insufficiently. The aim of the
authors of the present work was to study the localization, structure of deposits and mineral composition of hematite quartzites as raw
materials for sinter ore and concentrate production. Data from geological observations and mineralogical studies were used as source
material. Proven geological, mineralogical, petrochemical methods were used. In accordance with the obtained results, the hematite
quartzites are composed of ore-forming (quartz, hematite) and secondary (relict and newly formed) minerals. The total content of the
hematite and quartz exceeds 90 mass %. The peculiarity of Ushkatyn III deposit ores is the high content of manganese oxides. The
depth of distribution of the weathering crust composed of hematite quartzites varies from 200 to 1000 m. The hematite quartzites’
bodies are characterized by a zonal structure. Their central parts are represented by martite-micaceous hematite, micaceous hematite-
martite quartzites; intermediate ones by martite quartzites; peripheral parts — by dispersed hematite-martite, kaolinite-martite-dispersed
hematite quartzites. The horizons differ in the quantitative ratio of these varieties. The quantitative ratio of mineral varieties of hematite
quartzites, morphology of individuals and aggregates of ore-forming and secondary minerals, their chemical composition and physical
properties must be taken into account when developing the optimal technology for the production of high-quality hematite concentrate.

Key words: Precambrian banded-iron formation, hypergenesis, hematite quartzite deposits, mineralogical zonation
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AHoTauisi. Po3nisHyTI nuTaHHA JoKaizanii, OyZ0BH Ta CKJIaay F'eMaTUTOBUX KBapLUUTiB BansgBkuHcbkoro pomosumia (Kpusopizpkuit
Oaceiin) Ta pomoBuina Ymikarud 11 (3amizopyanuit paiion Kapakan) sik MEepBUHHOT CHPOBHHHU ISl BUPOOHHIITBA BHCOKOSKICHHX
TOBapHHMX FEMAaTHTOBUX MPOAYKTiB. OXapakTepr30BaHi IPOIECH MiHEPAIOTiYHUX NEePEeTBOPEHb BUXITHUX MeTaMOP(OTreHHHX MarHe-
TUTOBHX KBAapIUTIB, IOKJIAIH SIKHX Y HOTOYHUH 4ac po3poOIsIoThes TipHNY030aradyBatsHIME KoMmOiHatamu Llentpansraoro Kazax-
crany, Kypcrekoi marHiTHOT anomautii, Kapeno-Konbscpkoro paiiony, KpuBopisbkoro 6aceiiHy Ta iHIINX perioHiB mianety. [lokasano, mo
HaOLTbII TTOOKO Ta BCeOIYHO MUTAHHS MIHEPAJIOTiYHOTO OOTPYHTYBaHHS 30araqyBaHOCTI TeMAaTUTOBUX KBAPLUHUTIB PO3MISAHYTI A
ponosui Kprsopizekoro 6aceiiny. [ToTy)XKHICTb KOPHM BHBITPIOBAHHS iX 3a/1i30py/JHUX TOBIL, CKJIA/ICHOI TeMaTHTOBUMHU KBAPLUTAMH,
kouBaeThes Bifg 50 mo moHan 2500 M. ABTOpH BUKOHAJH JETabHI FCOJOTIUHI, MIHEPAIOT1uHI AOCHTI/KCHHS MOKJIAiB TeMaTHTOBOT
CHPOBHMHU. BCTaHOBIEHO, IO MOKJIAAN FeéMaTHTOBUX KBApIMTIB 30CE€PEXKEHI, TOJIOBHIM YHHOM, B KOPi BUBITPIOBAHHS YETBEPTOTO,
II’ITOTO, IIOCTOTO 3aJi3UCTUX TOPU30HTIB CAKCAraHCHKOI CBITH BalsBKMHCHKOrO POMOBHINA Ta 3aji30pyIHOI TOBIII POIOBHUINA
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Vikarun 11, s Beix iX BracTHBa MiHepaioriyHa 30HAJIBHICTB, MPOSBICHA 3aKOHOMIPHOIO 3MiHOIO B HANPSIMKY BiJl IIEHTPAIbHUX
10 rieprdepiiHuX 4aCTHH TOPU30HTIB BEPCTB TeMAaTUTOBUX KBAPIMTIB HACTYITHOTO MIHEPAILHOTO CKJIA/y: MapTHT-3aJ1i3HOCIIOKOBI
— 3aJi3HOCTIOAKO-MAPTUTOBI — MAapTHTOBI — JUCIEPCHOTEMATUT-MAPTUTOBI — KAONiHIT-MapTHT-AUCIIEPCHOTeMaTuToBi. [imeprex-
Ha 30HAJIBHICTh HACIiJy€ MEPBUHHY AyTHI'€HHY METaMOpP(OreHHY 30HAJIBHICTh IIMX 3alli3UCTHX TOPU30HTIB. MiHepanbHUil CcKiaz
3a3HAYEHHX I1’SITH PI3HOBH/IIB TeMAaTUTOBHX KBapIUTIB aHAIOTTYHHUIT B pO3pi3ax yCiX JOCIIPKEHUX PYIHHUX MTOKIaAiB. BiqMiHa nomisrae
B PI3HOMY KiJIbKICHOMY CITiBBiTHOIIICHHI MiHEpaJbHUX PI3HOBUIIB y PO3pi3ax 3ali3UCTUX TOPH3OHTIB. PynoyTBOpIOBaIbHI MiHEpAIN
TeMaTHTOBHX KBAapIUTIB — KBapIl i TEMAaTHUT, MIPEICTABICHNI TphoMa MOP(OJIOTITYHUMH Pi3HOBHAAMH (MApTHT, 3aJi3Ha CIIOAKA, JIHC-
nepcuuit remarur). Ix 3aranpuuit Bmict nepesuitye 90 mac.%. JIpyropsHUMHU € PENiKTOBI (MarHeTHT, MaTaMophOreHHi CUTiKaTH,
KapOoHartu, Cynb(ian) Ta HOBOYTBOPEHI (T€TUT, KaOJiHIT) MiHepand. MiHepanoriyHi 0coOIMBOCTI TeMaTUTOBOI CHPOBUHH Ta XiMid-
Hi, (i3UYHI MOKa3HUKK PYIOyTBOPIOBAIBHUX 1 IPYTOPSAHUX MIHEpaiB HEOOXiJHO BPaXOByBaTH MPU PO3POOII ONTUMAIBLHOI CXeMHU
BHUPOOHHUIITBA BUCOKOSIKICHOT METaITypriifHOT CHPOBHHH.

Kniouogi cnosa: ooxkem6piiicoka 3anizucmo-kpemuucma gopmayis, 2inepeenes, nOKIA0U 2emMamumosux Keapyumie, MiHepanociuna

30HAILHICMb

Introduction

Hematite (martite) quartzites are the product of
weathering of magnetite quartzites, which are cur-
rently mined in many regions of the world as a raw
material for producing iron ore (magnetite) concen-
trate. Industrial deposits of hematite quartzites oc-
cur in the iron ore strata of most deposits of the Pre-
cambrian banded-iron formation. Their distribution
is mainly controlled by two factors: 1) the effective
action of hypergenic factors on primary magnetite
quartzites; 2) the intensity of erosion of iron ore strata
weathering crust under formation. The most signifi-
cant reserves and resources of hematite raw materi-
als were identified at the Karazhal deposit (Central
Kazakhstan), Lebedinsky, Mikhailovsky and other
deposits of the Kursk magnetic anomaly, Olenegorsk
deposit of the Kola iron ore district, Kryvyi Rih basin
(Ukraine), Hamersley deposits (Western Australia),
the Quadrilatero Ferrifero (Brazil), the Upper Lakes
(USA), etc. In the CIS countries, the problem of the
use of hematite quartzites has been studied most
deeply and comprehensively for the Kryvyi Rih basin
deposits (Demchenko, 2018; Evtekhov, 2016; Prilepa,
2019; Tsypin, 2015).

Currently, the problem of the use of hematite raw
materials at the mining and beneficiation enterprises
of Kryvbas is being studied in connection with the
increase in the level of integrated use of the mineral
mass extracted from the subsoil. The priority direc-
tions involve the operation of deposits of hematite
(oxidized) quartzites in order to produce sinter ore
and concentrate . In the course of mining operations,
hematite quartzites are extracted as overburden and
accumulated at specially organized stockpiles (South-
ern Mining and Beneficiation Plant (YUGZK), Ar-
selorMittal Kryvyi Rih (AMKR) Mining and Ben-
eficiation Complex, or are stocked at waste dumps
(Inhulets, Central, Nothern GZKs).

The depth of the weathering crust of different
Kryvbas deposits varies from less than 50 m in areas
of crust distribution to more than 2,500 m in areas

of linear weathering crust along discontinuous faults
(Dodatko, 1973; Yurk, 1960). .

The Skeliuvatka (Southern GZK) and Valyavkin-
ske (AMKR GZK) hematite quartzite deposits be-
longing to the Southern iron ore region of the Kryvbas
are recognized to be the priority for the development.
The explored reserves of hematite raw materials here
exceed 2 billion tons. The deposits were considered
to be the raw material base for oxidized ores GZK
(GZKOR).

The authors studied the bodies of hematite quartz-
ites of the Valyavkinske deposit in detail, the explored
reserves of which make up about 25 mass % of its
productive stratum. The depth of distribution of the
weathering crust of magnetite quartzites varies from
200-250 m in the southern part to 700-800 m in the
northern part of the deposit. A significant part of the
hematite raw material (about 400 million tons) was
extracted from the subsoil and is stored in two stock-
piles. Reserves in the subsoil are about 500 million
tons. The average iron content in hematite quartzites
is about 37 mass %.

Since the 1960s attempts have been made to use
hematite raw materials on a commercial scale. Con-
centration plants were designed and built on the basis
of magnetic technology for beneficiating low grade
hematite ores: roasting-magnetic plant for beneficiat-
ing hematite quartzites of Central GZK, Kryvyi Rih
GZKOR, section Nel0 of the beneficiation plant #2
of AMKR GZK. The obtained results showed that it
is impossible to obtain hematite concentrate with an
iron content of more than 60-61 mass % in industrial
conditions by the method of wet magnetic separation.
The suggested repreparation of the rough concentrate
by the method of reverse flotation contributed to the
increase of the iron content in the final concentrate to
64-65 mass %. Thus, flotation recovery does not al-
low a high quality concentrate to be obtained (67-69
mass %).

The technology of wet gravitational beneficia-
tion with the use of conical and spiral separators has
proved to be the most effective. In the Kryvbas, it is
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implemented in three industrial plants with a capacity
of up to 1 million tons of raw materials per year, it al-
lows hematite concentrate to be obtainined with iron
content of not less than 65 mass %. Semi-industrial
tests were also conducted for the ores of the Karazhal,
Ushkatyn III deposits.

The results of laboratory and industrial tests of the
authors of the present work showed the fact that it is
possible to produce the end-product with various iron
content from hematite quartzite deposits of Karaz-
hal iron ore region, Southeast India, Kursk magnetic
anomaly, Kryvyi Rih basin and similar deposits from
other regions depending on the selected technologies
for ore preparation and beneficiation: low-grade sinter
ore (total iron content 55-57 mass %), ordinary sinter
ore (58-60%), high-quality sinter ore (60-62%)), sinter
concentrate (62-64%), ordinary concentrate (64-66
%), high-quality concentrate (67-69%).

The goal of the authors of this work was to study
the localization, structure of deposits and mineral
composition of hematite quartzites as raw materials
for the production of sinter and concentrate using the
example of the Valyavkynske deposit in the Kryvbas
and the Ushkatyn III deposit in Central Kazakhstan.

Source material and research methods

The results of geological observations and min-
eralogical studies of hematite quartzites of these de-
posits were used as source material. Proven geologi-
cal and mineralogical methods were used.

Research results

The Valyavkinske deposit of ferruginous quartz-
ites is located in the southwestern part of the Kryvyi
Rih structure (Fig. 1). The rocks of the Skeliuvatka,
Saksagan and Hdantsivka suites of the Kryvyi Rih
Paleoproterozoic series occur in its structure. The
Novokryvorizka and Hleyuvatka suites within the de-
posit boundaries have not been opened up (Belevtsev,
1962; Svital’skyi, 1932; Shcherbak, 1988).

Geology of hematite raw material deposits.
Geologically, the deposits of hematite raw materials
of the Kryvbas and Central Kazakhstan are similar,
represented by layers, lenses of hematite quartzites,
which alternate with layers of low-ore, ore-free rocks.
They differ in age - Paleoproterozoic deposits of the
Kryvbas, Paleozoic - Central Kazakhstan and mineral
composition: the deposits of Central Kazakhstan are
characterized by manganese-iron ore specialization.
The genesis of both iron ore basins is volcanic-sed-
imentary.

As the main object, the authors have chosen the
more deeply and comprehensively studied deposits of
the Saksagan suite of the Kryvbas.
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The Saksagan suite is represented by six schis-
tose and six ferruginous horizons. The thickness of
the weathering crust of the first, second and third fer-
ruginous and first, second, third, fourth schistose ho-
rizons does not exceed 50-70 m. The main deposits
of hematite ores belong to the fourth, fifth, sixth fer-
ruginous horizons.

The fourth ferruginous horizon is characterized
by a thickness of 260 to 540 m, 392 m on average. Up
to a depth of 200 to 400 m it is composed of hematite
quartzites, below it — of magnetite quartzites, which
are currently mined as raw materials for producing
magnetite concentrate. The horizon is characterized
by the heterogeneity of the mineral composition,
structural and textural features of the ores, corre-
sponding to the features of the authigenic mineralogi-
cal zonation of ferruginous horizons (Evtekhov, 1971;
Lazarenko, 1977; Strakhov, 1962). The central zones
of the horizon are represented by micaceous hema-
tite-magnetite, the intermediate ones — by magnetite,
peripheral zones — by cummingtonite-magnetite and
magnetite-cummingtonite quartzites. In this direc-
tion, the texture of ores naturally changes, from thin-
bedded to medium-bedded and wide-bedded. The
average value of the total iron content (Fe_  is about
37 mass %, the iron content in the magnetite (Fe )
makes up about 32 mass %.

There was a change in the mineral composition
of ores in the weathering crust due to iron oxidation.
The section of the horizon here in the same direction
is as follows: micaceous hematite-martite — martite
— dispersed hematite-martite — kaolinite-martite-
dispersed hematite quartzites. In the upper parts of the
weathering crust there is an intense goethitization of
ferruginous quartzites to a depth of 30 m. The textural
features of the ores are preserved. The average value
of the total iron content due to its poor mobility in
the weathering crust is almost unchanged, it makes
up 37.2 mass %, the iron content in the magnetite var-
ies from less than 1 mass % (in the upper part of the
weathering crust) to 15 mass % (in the lower part).

The fifth schistose horizon is composed of alter-
nating layers of barren quartzites and graphite-con-
taining schists of muscovite-chlorite-cummingtonite-
quartz-biotite composition. The thickness of the
horizon varies from 20 to 50 m.

The fifth ferruginous horizon for the entire depth
of deposit development (up to 700 m) is composed
of weathering products of magnetite-micaceous he-
matite, micaceous hematite-magnetite, magnetite,
cummingtonite-magnetite and magnetite-cumming-
tonite quartzites. The presence of powerful layers of
magnetite-micaceous hematite quartzites in the cen-
tral parts of the fifth ferruginous horizon is dissimilar
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Fig. 1. Geological map of the area of the Skeliuvatka and Valyavkynske deposits.

1-17 — Kryvyi Rih series: 1-2 — Hdantsivka suite: 1 — metaclastolites and dolomite marbles of the upper subsuite;
2 — metaclastolites and high-grade iron ores of the lower subsuite; 3-13 — Saksagan suite: 3, 4 — hematite quartzites
of the sixth (3) and fifth (4) ferruginous horizons; 5, 7, 9, 11, 13 — schists with interlayers of barren quartzites of the
fifth (5), fourth (7), third (9), second (11) and first (13) schistose horizons; 6 — magnetite quartzites of the fourth fer-
ruginous horizon; 8, 10, 12 — magnetite-silicate and silicate-magnetite quartzites of the third (8), second (10) and first
(12) ferruginous horizons; 14-16 — Skelyuvatka suite: 14 — talc-containing schists of the upper subsuite; 15 — quartz-
muscovite schists (phyllites) of the middle subsuite; 16 — muscovite quartzites, metaconglomerates (arcoses) of the
lower subsuite; 17 — metaclastolites with interlayers of amphibolites of the Novokryvorizka suite; 18 — amphibolites
with interlayers of metaclastolites of the Konka series; 19 — granitoids of the Dnipropetrovsk complex; 20 — contact
lines of stratigraphically conformably occurring strata; 21 — contact lines stratigraphically inconsistent with the strata;
22 — faulting; 23 — diabase dykes; 24 — the bed of the river Ingulets.

Iron ore quarries: 1 - Skelyuvatsky of the Southern GOK; 2, 3, 4 - (respectively) Valyavkynsky, Novokryvorizhsky-2,

Novokryvorizhsky -1 GOK of the AMKR plant.

AB is the line of the reference section of the productive stratum of the Southern iron ore district of Kryvbas.

to the fourth and sixth ferruginous horizons. In the
weathering crust, these magnetite-containing ferru-
ginous quartzites are transformed into martite-mica-
ceous hematite, micaceous hematite-martite, martite,
dispersed hematite-martite, and kaolinite-martite-dis-
persed hematite quartzites. The ores of the fifth fer-
ruginous horizon are characterized by a micro- (less

than 2 mm) and thin-bedded (2-5 mm) texture. The
average iron content in ferruginous quartzites of the
weathering crust is slightly higher than the corre-
sponding indicators of the fourth and sixth ferrugi-
nous horizons making up about 38 mass %. The aver-
age iron content in the magnetite is about 4 mass %.
The thickness of the horizon varies from 50 to 150 m.
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The sixth schistose horizon is also composed
of hypergenically altered ferruginous rocks — low-
ore dispersed hematite-martite, martite, and ore-free
quartzites, which are often intensely marshalitized.
Silicate, quartz-silicate interlayers of initial rocks
have been converted into kaolinite-dispersed hema-
tite-quartz ones. The thickness of the horizon varies
from 10 to 50 m.

The sixth ferruginous horizon completes the sec-
tion of the Saksagan suite of the deposit. Its section
is similar to the section of the fourth ferruginous ho-
rizon. At a depth of up to 700 m, the original magne-
tite-containing ferruginous quartzites are replaced by
hematite varieties. Its constituent rocks are also in-
tensely hypergenically altered. The texture of ores is
medium-bedded, more rarely thin-bedded and wide-
bedded. The average content of Fe_ is 36.7 mass %,
that of F € nan. is 0.8% in hematite quartzites of the ho-
rizon. The thickness of the horizon within the bound-
aries of the deposit is from 200 to 500 m.

The mineral composition of hematite quartzites of
the fourth, fifth and sixth ferruginous horizons of the
Valyavkinske deposit is relatively simple due to the
hypergenic replacement of polymineral associations
of primary metamorphogenic magnetite quartzites by
their hypergenic hematite varieties:

— magnetite has been replaced by hematite (mar-
tite);

— iron-free carbonates (calcite, dolomite, etc.)
have been completely dissolved;

— iron-containing carbonates (siderite, siderople-
site, pistomessite, etc.) have partially been dissolved
(calcium, magnesium components), the iron compo-
nent has been replaced by dispersed hematite or dis-
persed goethite;

— iron sulfides (pyrite, pyrrhotine, etc.) have been
replaced by dispersed hematite or dispersed goethite;
sulfur in the form of sulfur dioxide passed into solu-
tion;

— alumina-free silicates (cummingtonite, fer-
rous talc (minnesotaite), celadonite, etc.) have been
replaced by an aggregate of fine-crystalline quartz
(chalcedony, opal) and dispersed hematite (dispersed
goethite); the calcium and magnesium ions, which are
a part of them, passed into solution;

—alumina-containing silicates have been replaced
by fine crystalline aggregate of quartz, dispersed he-
matite (dispersed goethite) and kaolinite (Lazarenko,
1977; Martynenko, 1971; Yurk, 1960).

Thus, polymineral aggregates of initial meta-
morphogenic magnetite ores have been replaced by
bimineral (hematite + quartz) or trimineral (hematite
+ quartz + kaolinite) associations of hypergenic he-
matite ores; in the upper parts of the weathering crust
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— by trimineral (hematite + quartz + goethite) or four-
mineral (hematite + quartz + kaolinite + goethite) as-
sociations.

Due to incomplete substitution, relic magnetite
has been preserved in hematite ores in an amount of
from less than 1 to 15 mass %. The average content of
Fe .. as apart of hematite raw materials of all three
studied ferruginous horizons is 4.2 mass %.

Hematite is represented by three morphologi-
cal varieties: martite (a granular variety), iron mica
(a lamellar, scaly variety) and dispersed hematite (a
fine-crystalline, pulverized variety); goethite — by two
of them: proper goethite (dripstone metacolloid ag-
gregates) and dispersed goethite (fine-crystalline, pul-
verized variety). Occasionally lepidocrocite is present
in goethitized hematite quartzites. The magnetite con-
tent, as noted above, increases with depth. Its relict
sharply xenomorphic buildups are usually present in
the central parts of martite aggregates (Martynenko,
1971; 1932; Yurk, 1960).

Quartz is the leading nonmetallic mineral. The
amount of relict silicates (cummingtonite, biotite,
chlorite, celadonite, etc.) and iron carbonates (sidero-
plesite, pistomesite, ferrodolomite, dolomite, calcite,
aragonite, etc.) gradually increases with depth. Acces-
sory minerals include sulfides (pyrite and less com-
monly pyrrhotine and cellular pyrite), zircon, apatite,
tourmaline, garnet, etc.

Hematite quartzites of all three ore bodies are also
divided according to the main textural feature — the
thickness of the interlayers into: microbedded (jaspi-
lite-like ones) (the thickness of the interlayers is less
than 2 mm); thin-bedded (2-5 mm); medium-bedded
(5-10 mm); wide-bedded (10-20 mm); coarsely-bed-
ded (20-50 mm); giant-bedded (more than 50 mm).

The quantitative ratio of mineral varieties of
hematite quartzites in the ore bodies of the three
ferroginous horizons, which has been determined
from detailed geological exploration data, operational
exploration data and topomineralogical studies
conducted by the authors, of the faces of the
Valyavkynskyi open-pit, is given in Table. 1.

Fig. 2 shows schematic sections of the fourth,
fifth and sixth ferruginous horizons. As can be seen,
they are represented by the same mineral varieties of
hematite quartzites, but differ in quantitative ratio.
The fifth ferruginous horizon is characterized by
the maximum prevalence of micaceous hematite-
containing varieties, and the fourth and sixth ones are
characterized by prevalence of martite varieties.

The ore mined in the open-pit and accumulated in
stockpiles contains mineral varieties of low-grade he-
matite ores of the three studied ferruginous horizons
in the amount determined not only by the natural ratio
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Table 1. Quantitative ratio (mass %) of mineral varieties of hematite quartzites in the ore bodies of the fourth, fifth and sixth

ferruginous horizons

. o . . Stratigraphic horizons

Mineral varieties of ferruginous quartzites - - - -
the fourth ferruginous the fifth ferruginous the sixth ferruginous

martite-micaceous hematite 2.9 12.7 8.5
micaceous hematite-martite 12.8 26.8 20.7
martite 441 353 37.9
dispersed hematite-martite 29.0 18.1 23.6
martite-dispersed hematite,
kaolinite-martite-dispersed hematite 11.2 72 9.3

of hematite raw materials in the subsoil, but also by
the dynamics of stripping conducted in different direc-
tions of open-pit development. Petrographic study of
the material of hematite quartzite stockpiles showed
that the following quantitative ratio of the main min-
eral varieties of low-grade hematite ores (volume %)
can be expected in the primary hematite quartzite raw
material of the beneficiation plant of the Valyavkyn-
ske deposit: martite-micaceous hematite quartzites;
micaceous hematite-martite quartzites — 19.3; martite
quartzites — 36.9; dispersed hematite-martite quartz-
ites — 23.9; martite-dispersed hematite quartzites
— 8.1. The average content of diluting non-metallic

which are up to 50 m thick, spatially tend to the cen-
tral zones of the studied ferruginous horizons. The
ores are strong, relatively easily cleave along lami-
nation. The structure is microcryptocrystalline and
fine-crystalline. The texture is micro-bedded, rarely
thin-bedded and medium-bedded. The quantitative
ratio of ore-forming and secondary minerals is given
in Table 2.

Micaceous hematite-martite quartzites are the
product of weathering of the original micaceous
hematite -magnetite quartzites. They are represented
by embedded bodies, which are up to 50 m thick,
spatially tend to the central zones of the studied

Fig. 2. The scheme of horizontal zonation of hematite quartzite deposits of the fourth, fifth and sixth ferruginous

horizons of the Valyavkynske deposit.

Stratigraphic horizons of the Saksagan suite: 4s — the fourth schistose; 4f — the fourth ferruginous; 5s — the fifth
schistose; 5f — the fifth ferruginous; 6s — the sixth schistose; 6f — the sixth ferruginous; gd — Hdantsivska suite.

Mineral varieties of ferruginous quartzites and other rocks: 1 — metaclastolites of the Hdantsivska suite; 2 — martite-
micaceous hematite quartzites; 3 — micaceous hematite-martite quartzites; 4 — martite quartzites; 5 — dispersed
hematite-martite quartzites; 6 — martite-dispersed hematite, kaolinite-martite-dispersed hematite quartzites; 7 —
cummingtonite-siderite-chlorite-quartz-biotite schists of the fourth, fifth and sixth schistose horizons.

impurities (schists of different composition, silicate
quartzites) in the ore material is 4.8% by volume.
Mineralogy of ores. Martite-micaceous hematite
quartzites are the product of weathering of the origi-
nal magnetite-micaceous hematite quartzites (Fig.
3a). They form layered, less often lenticular bodies

ferruginous horizons. The ores are strong, in the
areas of marshalitization the strength decreases
significantly, the ore becomes loose. The structure
is microcryptocrystalline and fine-crystalline. The
texture is thin-bedded, rarely micro- and medium-
bedded.
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Table 2. The average mineral composition (vol.%) of hematite quartzites of the fourth, fifth and sixth ferruginous horizons

Minerals Mineral varieties of hematite quartzites
MrMhs MhsMr Mr DhMr MrDh
quartz 51.4 S51.1 50.2 49.7 48.8
martite 19.5 27.1 33 29.2 16.2
micaceous hematite 2.8 12.4 2.5 0.3 0.0
dispersed hematite 0.6 0.8 2.1 8.1 17.1
magnetite 2.7 2.9 3.0 2.9 2.5
gocthite 2.9 3.1 3.4 35 3.9
dispersed goethite 0.5 0.7 1.1 2.0 3.8
carbonates 0.8 0.9 1.1 1.3 0.9
apatite 0.1 0.1 0.1 0.2 0.2
kaolinite, beidellite 0.1 0.2 0.5 1.9 54
pyrite, cellular pyrite 0.1 0.1 0.1 0.1 0.2
other minerals 0.5 0.6 0.6 0.8 1.0
Total 100.0 100.0 100.0 10.,0 10.,0

Other minerals: hydromicas, chlorite, cummingtonite, celadonite, stilpnomelane, Fe-talc (minnesotaite), garnet, zircon, tourmaline,

chloritoid, gypsum, jarosite, lepidocrocite, chalcedony, opal.

Mineral varieties of hematite quartzites: MrMhs — martite-micaceous hematite; MhsMr — micaceous hematite-martite; Mr — martite;
DhMr — dispersed hematite-martite; MrDh — martite-dispersed hematite.

Martite quartzites are the product of weathering of
the original magnetite quartzites (Fig. 3b). They form
embedded bodies with a thickness of up to 70 m in the
sections of the fifth and sixth ferruginous horizons and
up to 150-200 m of the fourth ferruginous horizon.
In the primary magnetite quartzites micaceous
hematite or silicates (cummingtonite, chlorite, biotite)
occurred in an amount of up to 5 mass %. In this
regard, martite quartzites contains both weathering-
resistant micaceous hematite and dispersed hematite,
which is the product of hypergenic changes of
silicates. The ore is strong, cleaves poorly along
lamination. The structure is microcryptocrystalline
and fine-crystalline. The texture is bedded, due
to the alternation of ore (quartz-martite) and non-
ore (quartz, micaceous hematite-quartz, dispersed
hematite-quartz) interlayers. The medium-bedded
texture predominates, thin- and wide-bedded texture
is less common. Manifestations of coarse- and giant-
bedded texture are rare.

Dispersed hematite-martite quartzites were
formed as a result of hypergenic changes of the
initial silicate-magnetite quartzites. They form
layered bodies with a thickness of up to 30 m in the
section of the fifth ferruginous horizon, up to 50 m
in the section of the sixth ferruginous horizon and
up to 80 m in the section of the fourth ferruginous
horizon. They spatially tend to the peripheral zones
of the horizons. The ores have reduced strength,
cleave well along lamination due to the layer-by-
layer presence of dispersed hematite. The structure
is microcryptocrystalline and fine-crystalline. The
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texture is wide-bedded, less often medium- and
coarsely bedded. Manifestations of thin- and giant-
bedded texture are rare.

Martite-dispersed hematite quartzites are the
product of weathering of the original magnetite
silicate quartzites. In the layers that prior to weathering
contained up to 30% or more by volume of chlorite,
biotite and other alumina-containing silicates, kaolinite
is present in an amount of more than 5% by volume.
Martite-dispersed hematite quartzites form layered
bodies, which are up to 10 m thick in the section of
the fifth ferruginous horizon, up to 15 m in the section
of the sixth ferruginous horizon and up to 20 m in
the section of the fourth ferruginous horizon. They
compose the extreme peripheral zones of the horizons.
The ores have medium strength, cleave well along
lamination. The structure is microcryptocrystalline
and fine-crystalline. The texture is wide-bedded, less
often coarse- and medium-bedded.

Diluting non-metallic impurities. Due to the
suboptimality of drilling-and-blasting and mining
technologies, low-ferruginous rocks are present in the
material of hematite raw material stockpiles. The most
common are chlorite-cummingtonite-quartz-biotite
(Fig. 3c) schists and monomineral silicate quartzites
of the fourth, fifth, and sixth schistose horizons.
Fragments of vein quartz in monomineral form or in
intergrowth with hematite quartzites are noticed less
often (Fig. 3d).

The Ushkatyn Il deposit is part of the Zhairem
ore district (Brusnitsyn, 2018). In terms of mineral and
petrographic composition of the productive stratum, it
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Fig. 3. Low-grade hematite ores and diluting rocks of ore stockpiles.

a—martite-micaceous hematite quartzite (jaspilite) of the fifth ferruginous horizon; b — martite quartzite of the fourth
ferruginous horizon; ¢ — chlorite-cummingtonite-quartz-biotite schist of the fourth schistose horizon; d — vein quartz

from martite quartzite of the sixth ferruginous horizon.

The maximum size of samples is 10 cm.

is similar to the Valyavkynske deposit of the Krivbas.
The increased content of manganese oxides (from 1
to 20 mass %) is the difference between them. Iron-
containing minerals are represented by hematite of
three morphological varieties: martite, micaceous
hematite (specularite, dispersed hematite) (Fig. 4). A
characteristic feature of individuals and aggregates of
hematite is their much smaller size in comparison with
the ores of the Kryvyi Rih deposits. In this regard,
the same degree of grinding (0.05-0.06 mm), allows
a full release of hematite from the Valyavskinske
deposit, the hematite of the Ushkatyn III deposit
retains intergrown pieces with non-metallic minerals
— quartz, carbonates, silicates.

Thus, the ore-forming minerals of hematite raw
materials of the studied deposits are represented by
hematite (martite, micaceous hematite, dispersed
hematite), quartz. Their total content in all mineral
varieties of hematite quartzites exceeds 90 mass
%. Secondary minerals include relict (magnetite,
metamorphogenic silicates, carbonates, sulfides, etc.)
and newly formed (iron hydroxides, clay minerals,
etc.) minerals. Their quantitative ratio, morphology of
individuals and aggregates, chemical composition and
physical properties must be taken into account when

developing an optimal technology for the production
of high-quality hematite concentrate.

The production of hematite sinter ores and
concentrates is not associated with fundamental
technological difficulties for deposits of different
scales. The first results of the search for an effective
technology fortheenrichmentofhematiteraw materials
were obtained during the 1960s. Technological
schemes based on the use of magnetic, gravitational,
flotation units were considered. To date, the optimal
technology has not been determined. Reducing the
explored volumes of magnetite quartzites helps to
intensify its search. According to the authors of this
publication, the least energy-consuming, the most
technologically efficient is gravity technology.

This also applies to the ores of Central
Kazakhstan, the feature of which is the presence of a
wide range of minerals ; manganese and other metals.
Effective involvement of the latter in the operation
can be achieved by updating the ore preparation
(Demchenko, 2018; Evtekhov, 2016; Prilepa, 2019;
Tsypin, 2015), including utilization of the lump
sorting module of mineral raw materials produced
by scientific production enterprise “Gamayun”. The
module provides a significant reduction in energy
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Fig. 4. Mineral composition, structure and texture of hematite ores of the Ushkatyn III deposit.

a — layer-by-layer oriented aggregates of fine-crystalline martite; b — finely-impregnated aggregate of
micaceous hematite; ¢ — an alpine streak of macrolaminar micaceous hematite (specularite); d — alpine hematite

vein of rhythmic structure.

Reflected light; without analyzer; magnification 30*.

consumption, mobility, efficiency of integration with
existing structures. It was tested at the Atasui ore
deposits of Central Kazakhstan (Karazhal, Ushkatyn
III, Zhairem).

Conclusions

1. Hematite quartzites belong to the types of
iron ore which commonly occur all over the planet.
Depending on the technologies of ore preparation and
beneficiation, it is possible to produce metallurgical
raw materials with different iron content (from 55 to
69 mass %).

2. The optimal technology for hematite quartzite
beneficiation for ores of most deposits has not
been developed due to insufficient mineralogical
justification.

3. Bi- (hematite + quartz) or trimineral (hematite
+ quartz + kaolinite) composition is typical for
hematite ores.

4. The results of geological and mineralogical
research must be taken into account when drawing up
effective technological schemes for ore preparation
and beneficiation of hematite quartzites in order to
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produce metallurgical raw materials with different
iron content.
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Regional measurement of the hotel sector development of a tourist destination (on the example
of Odessa region, Ukraine)
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Received: 01.12.2020 Abstract. In the conditions of transformation of the national economy and intensification
Received in revised form: 23.12.2020 of competition in the regional tourist markets, Ukrainian hotel business enterprises have an
Accepted: 05.01.2021 important problem related to increasing the efficiency of filling hotel places and attracting

tourist flows. One of the ways to solve this problem is to form a management measures
based on forecasting the length of stay of tourists in accommodation facilities, load levels of hotel enterprises in tourist destinations
of Ukraine, planning the production of competitive hotel services that can meet the needs of foreign and domestic consumers, market
demand. This problem is especially important in the context of overcoming the effects of the global COVID-19 pandemic. The purpose
of the article is to identify trends in the hotel business in the tourist regions of Ukraine and outline the prospects that can be realized
in post-crisis conditions. The study used a statistical method of trend analysis of the dynamics of the duration of tourists in hotels,
which aims at the establishing patterns of changes in the levels of the studied indicators over time, to identify the main trend of this
phenomenon. The example of Odessa region proved that the evaluation of the hotel business areas are the basis for predicting spatial
and temporal relationships in the regional economy for the development of hotel business in other tourist destinations, increase their
competitiveness and improve the marketing of tourist flows. According to the calculations, the annual decrease in the length of stay of
tourists for the period 2021-2022 in hotel establishments of the Odessa region is forecasted. The experience of experimental verification
of the proposed approach to forecasting the length of stay of tourists in hotel establishments shows that the proposed research methods
can form modern tools for diagnosing the current state of regional markets for hotel services and making management decisions.

Keywords: hotel industry, tourist flow, forecasting, tourism, trend analysis.

PerionajibHuii BUMIP PO3BUTKY IOTeJIbLHOI0 CEKTOPY TYPMCTHYHOI JecTUHANLIl (HA MPUKJIAdi
Opecbkoro periony, Ykpaina)

C.I'. Hespoitminos!, M. 1. Banmxku', I.O. KusxkkoBenka'
'Ooecvruil Hayionanbhutl exonomiunuil ynieepcumem, Odeca, Yrpaina, 2072945@gmail.com

Amnoramisi. B ymoBax tpancdopmanii HallioHaIbHOT €KOHOMIKH Ta 3aTOCTPEHHS KOHKYPEHIIIT Ha PEriOHANBHUX TYPUCTHYHUX PHHKAX,
YKpaTHCBKI MiIPHEMCTBA C(epH TOCTUHHOCTI MAIOTh BAXKJIUBY IIPOOIEMY, ITOB’SI3aHy 3 IiIBHIIECHHSAM e(EeKTHBHOCTI 3aBaHTAKCHHS
TOTEJIBHUX MICIIb Ta MPUBAOICHHS TYPUCTUIHUX NOTOKIB. OJTHUM 13 IIJISIXiB BUPIIIEHHS i€l MPOOIeMH, aBTOPH BBAKAIOTH (DOPMYBAaHHS
3aXO[iB yNMpPaBIiHHSA HAa OCHOBI MPOTHO3YBAaHHS TPHBAJIOCTI mepeOyBaHHS TYPHCTIB B 3ac00aX pO3MILICHHS, PiBHIB 3aBaHTaKECHHS
iJIIPUEMCTB FOTEIbHOT chepy B TYPUCTUYHUX JICCTHHALISX YKpaiHH, TIIaHyBaHHSI BUPOOHHUITBA KOHKYPEHTOCIIPOMOMKHUX TOTEIIBHUX
MOCITYT, SIKi 3MOXKYTh 3310BOJIBHUTH MOTPEOH IHO3EMHHUX Ta BITYM3HSHHUX CIIOKUBAUiB, OIIEPATHBHO pPearylouy Ha puHKOBHI nonuT. Lls
npobiema HabyBae 0COOIMBOTO 3HAYEHHS B YMOBAX ITOJ0JIaHHS HacuiakiB cBiTool manaemii COVID-19. ¥V crarti nmpoaHaiizoBaHO
TEeH/ICHIIT PO3BUTKY CEKTOPY FTOCTHHHOCTI B TYPUCTHYHHUX JICCTHHALISIX YKpaiHH Ta 3alPOIIOHOBAHO 3aX0/IH, SKi MOXKIIMBO peaizyBaTn
Y TIOCTKPU30BUX YMOBaX HisTBHOCTI MiANPUEMCTB ramysi. s mpocmimkeHHs OyB BUKOPUCTAHUI CTaTUCTUYHHUI METOJ TPEHIOBOTO
aHaJi3y pAAIB AWHAMIKHM TPUBAJIOCTI nepeOyBaHHS TYpPHCTIB B TOTENX, AKAH CHPSIMOBAHO Ha BCTAHOBJICHHS 3aKOHOMIPHOCTEH 3MiH
PIBHIB TOCII/DKyBaHUX MTOKA3HUKIB y 4aci, BUSIBJICHHI OCHOBHOI TeH/IEHLIT (TpeHaa) po3BUTKY 1boro siBuina. Ha mpuknani Onecbko-
IO PErioHy JOBEJCHO, 10 OLiHKA JiSUTbHOCTI MiAMPUEMCTB FOTEIBHOTO CEKTOPY € OCHOBOIO JIJIsl IPOTHO3YBaHHS MPOCTOPOBO-4ACO-
BUX 3B)SI3KiB B PETiOHANBHIM €KOHOMIKH IOI0 PO3BHUTKY TOTEJILHOTO Gi3HeCy B IHIIMX TYpPUCTUYHHX AECTHHALISNX, MIJBUIICHHS iX
KOHKYPEHTOCIIPOMOXKHOCTI Ta BJIOCKOHAJICHHSI MAPKETHHIY TYPUCTHYHHX MOTOKIB. 3a JJAHUMH PO3PAXyHKIB POrHO3YETHCS LIOPIYHE
3MEHILIECHHS TPUBATIOCTI epeOyBaHHs TypHcTiB Ha mepion 2021-2022 pokiB B roTenbHUX 3akinaaax OnechKoro periony. Jlocin excme-
PHMMEHTAJILHOI IIEPEBIPKH 3aIPOIIOHOBAHOTO IiIXOY 1010 IPOTHO3yBaHHS TPUBAIOCTI ITepeOyBaHHs TYPUCTIB B TOTEIIBHHUX 3aKJIa1axX
I0Ka3ye, 110 3alPOIIOHOBAHI METOH MPOrHO3yBaHHS MOXYTb C(OPMYBATH CydacHi iIHCTPYMEHTH JUIsl 1IarHOCTUKH CTaHy PerioHallb-
HUX PHUHKIB MOCITYT TOCTUHHOCTI Ta NPUHHSTTS YIPABIIHCHKHUX PIllIeHb.

Kniouosi cnosa: ecomenvra indycmpis, mypucmuynuti nROmix, npocHO3V8aHHs, Mypu3m, MpeHOO6ULl aHAli3
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Introduction

Research and forecasting of regional economic
processes in the hotel sector of tourist destinations
is necessary for unambiguous formulation and
solution of the problem, which requires an extremely
important solution for the formation of tourist flow
and development of regional tourist markets. In
Ukraine, there are 3165 hotel-type accommodations,
the largest share of which needs modernization. The
global hotel industry has about 350 thousand hotels
and similar accommodation facilities, providing more
than 14 million rooms, with their number growing by
3-4% annually (Bulgaru, Petrariu, & Colan, 2019).
The share of the hotel sector of Ukraine in the global
hotel industry is less than one percent, which indicates
the need to develop the hospitality services in tourist
regions.

In our country, there is a problem of concentration
of tourist resources in certain regions, most of these
areas are experiencing a shortage of categorical
hotels and specialized accommodation. Therefore,
it is necessary to form a modern infrastructure for
recreation and tourism in attractive regions, such as
cultural and historical resources of event tourism or
sacred resources of religious tourism, to introduce
models of hotel sector development, which will
primarily focus on diversifying activities and
providing domestic investment resources.

Methods of analysis and forecasting of demand
for hotel business services in the regions of Ukraine
are the most important tools to attract investment and
innovative approaches to modernization of the hotel
industry, solving problems and shaping prospects
for further growth of the regional economy through
tourism and recreation services. Assessing the real
state and dynamics of the hotel and tourism sector
allows to put forward approaches to forecast the
demand for hospitality services in tourism destinations
of Ukraine on the basis of reliable and trusty sources
of information, substantiate the prospects of their
development and reproduce the possible future
situation, local authorities will outline its strategic
planning and prospects. The urgency of solving these
issues in the context of overcoming the effects of the
global pandemic led to the choice of research topic,
defined its purpose and objectives.

The purpose of the article is to analyze the
current state of the hospitality sector in the Odessa
region of Ukraine and identify prospects for further
development based on methods of forecasting the
load of hotel enterprises in post-crisis conditions,
forming proposals for management decisions of hotel
business in tourist destinations.

Analysis of recent research and publications

Our study is based on the work of foreign and
domestic scientists, which are aimed at developing
methods for analyzing and forecasting the
development of the hotel sector of certain territorial
entities. The issues of definition and typifying of
the category “destination” were considered in the
works of O. Lyubitseva, O. Tretyakov (2012); L.
Yurchishina (2017), who believes that in the field of
tourism, this term, defines tourist destinations from a
particular hotel, resort, city to a country or territory of
a particular region that has administrative boundaries.
Experts at UNWTO emphasize that the term “tourist
destination” defines the physical space in which a
tourist spends at least one night (A Practical Guide to
Tourism Destination Management, 2007).

Modern research on the assessment of sustainable
development of tourism destinations in the EU uses
the methodology of The European Tourism Indica-
tor System (ETIS), which defines the process of data
collection and analysis for the general purpose of as-
sessing the impact of tourism on the destination. One
of the basic indicators of ETIS is the level of tourist
accommodation in the regions (The European Tour-
ism Indicator System, 2016). Methods for measuring
the levels of development of tourist accommodation
in the regions are considered by Derkach and Mylas-
hko (2020). Chaitip and Chaiboonsri (2014) proposed
methods for forecasting tourist flows to Thailand us-
ing a nonlinear model. The use of a logistic growth
regression model to predict the demand for travel ser-
vices in Macau hotels has been proposed by Chu, F.L.
(2011). Forecasting the demand for international ur-
ban tourism services using one-dimensional and mul-
tidimensional models using monthly data is presented
in the study of Gunter & Onder (2015), methods for
forecasting the weekly occupancy of destination ho-
tels using big data are proposed in the Pan & Yang
study (2017). Modelling and forecasting of tourist
and hotel demand was considered in the work of Wu,
Song & Shen (2017). A thorough review of modern
methodological approaches in scientific works and
the application of econometric methods and hybrid
models for forecasting in tourism were made by Jiao
& Chen (2019). In their study, researchers focus on
the methodology of analysis of socio-economic com-
ponents of small and medium-sized enterprises of the
hotel business at the regional level (Yadegaridehkordi
et al., 2020), model the management of hotel enter-
prises and travel agencies to shape tourist demand
for hotel services (Huang Yin, Goh, & Law, 2019),
substantiate the regional «smart - specialization» in
terms of sustainable development (Andryeyeva et al.,
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2020), propose a method of component analysis for
interregional modelling of tourism seasonality (Tsio-
tas, Krabokoukis, & Polyzos, 2020). The growing in-
terest in assessing the efficiency of the hotel industry
from a regional point of view is indicated by studies
analysing the impact of the length of stay of tourists in
hotels on the economy of hospitality in the regions of
Spain (Sellers-Rubio, & Casado-Diaz, 2018).

Issues of improving the methodology for
assessing the tourist potential of regional recreational
areas are considered in a monograph edited by V.
Gerasimenko (2016). The work of O.A. Melnichenko
and V.O. Shveduna «Features of the tourism industry
in Ukraine» (2017) highlights the current problems of
tourism in the country, analyses the implementation of
regional reforms in tourism and hospitality, proposed
ways to develop the domestic tourism industry, the
principles of reforming the mechanism of state
regulation of tourism in the regions. Researchers
conducted an empirical study of international
tourism flows in Southeast Asia and proposed a
comprehensive and accurate systematic approach to
the analysis of regional tourism demand, based on
the Bayesian model of global vector autoregression
(Assaf, Li, Song & Tsionas, 2019). Researchers
propose to use the «semiparametric GWR model» to
study the spatiotemporal relationships in the regional
economy to predict the development of tourist areas
(Jin, Xu & Huang, 2019), scientists focus on measures
to overcome the effects of the COVID-19 pandemic
(Gaftney, & Eeckels, 2020), offer tools for marketing
and management of hotel services in a crisis (Jiang &
Wen, 2020).

According to the World Travel and Tourism
Council (WTTC), in 2020 the global decline in
tourism could reach 25% and lead to job reduction by
12-14%. The World Tourism Organization (UNWTO)
has called on governments to support small and
medium-sized enterprises in tourism, as they make up
to 80% of the industry. «The travel and tourism sector
has a unique impact, and we believe that 50 million
jobs worldwide are at risk,» experts say (Open Letter
to Governments from the WTTC and the Travel and
Tourism Sector, 2020). Strict quarantine measures and
apolicy of social distancing have forced the hotel sector
to actively seek ways to restore the flow of tourists in
the regions. For example, to ensure the safety of hotels
in the international group Accor, introduced enhanced
hygiene and prevention measures for tourists. The
ALLSAFE certificate, developed in collaboration
with Bureau VERITAS, introduces new protocols
and standards of high cleanliness and ensures that
all anti-epidemic measures are followed in Accor
hotels. Including the possibility of contactless check-
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in at the hotel and subsequent departure, subject to
contactless payments (Accor launches the Cleanliness
& Prevention ALLSAFE label, 2020).

Despite the wide range of researchers in this
direction and significant developments in this area, the
issues of forecasting the development of hospitality
in post-crisis conditions in tourist destinations in
Ukraine remain insufficiently studied.

Material and methods of research

For the analysis of the current condition of
Ukraine hotel business sphere, the forecast of
prospects of realization of its potential, methods of
the regional analysis of statistics of indicators of
material and technical base of the enterprises of
regional hotel business, distribution of establishments
of accommodation of tourists in regions were used.
The State Statistics Service of Ukraine, starting with
the report for 2011, introduced a new form of state
statistical observation Nol - KZR (annual) “Report
on the activities of collective accommodation”, the
analysis of which is the basis of this study. Data
provided by collective accommodation facilities is
one of the sources of data on tourist flows (Collective
accommodation facilities, 2015-2018; Collective
accommodation in Ukraine, 2020). The main
indicators of tourist flows according to collective
accommodation are the number of accommodated,
including foreigners, the number of nights spent by
visitors in hospitality establishments and the average
length of stay, which allows for comprehensive
research in tourism and hospitality (Brida, Garrido,
Deidda, & Pulina, 2012; Lado-Sestayo, Vivel-Bua, and
Otero-Gonzalez, 2017; Srovnalikova, Semionovaité,
Baranskaité, Labanauskaité, 2020; Kanina, 2020).

To determine the level of hotel development of
tourism regions of Ukraine, based on quantitative
indicators of tourist flows, the dynamics of tourist
arrivals, revenues from services, the state of material
and technical base, i.e. tourist infrastructure were used
methods of statistical trend analysis (Chattopadhyay,
& Mitra, 2019; Lozynskyy, & Kushniruk, 2020).
The analysis of time series is to establish patterns
of changes in the levels of the studied indicator over
time, to identify the main trend of the phenomenon —a
certain direction of change: the tendency to increase,
stability or decrease the levels of the phenomenon.
Thus, the above indicators were compared in
dynamics with similar indicators of activity of
regional subjects of hotel business in various time
intervals, the “horizontal” analysis was carried out.
Researchers believe that the method of trend analysis
of the above indicators (comparing data from different
years) also allows you to analyse how the processes
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of intensification went on, in hotel activities of tourist
regions (Bondarenko, Kulyniak, and Prokopyshyn-
Rashkevych, 2019). This method of analysis allows
you to transfer the experience of leading regions to
other less successful regions (Maximov et al., 2016,
p. 46). The processing of regional indicators of hotel
activity was carried out with the help of the application
package “Statistics” MS EXCEL. Here are the basic
formulas for our calculations:

Absolute growth:
chain gain : Ay =y, -y, )
basic gain : Ay, =y,—y, 2)

Growth rates characterize the absolute increase
in relative terms. The percentage growth rate shows
how many percent the comparable level has changed
from the level taken as the basis of comparison.

Growth rate:
chain growth rate : T, = Ay, 1y,
basic growth rate : Tbgr = Ay, /'y,

3)
“)

A common statistical indicator of the dynamics is
the rise rate. It characterizes the ratio of the two levels
of the series and can be expressed as a coefficient or
as a percentage.

Rise rate:

chain rise rate: T, =y 'y, (5)
basic rise rate : T,.=v./Y, (6)
The absolute value of 1% increase:

chain: 1%c =y, / 100% (7)
basic: 1%b =y, / 100% ()

An important statistical indicator of the dynamics
of socio-economic processes in the hotel business
is the build rate, which in the context of economic
intensification measures the increase in time of
economic potential in tourist-active regions.

Build rate:
T, = Ay, / Y, 9)
Application of this technique will allow to make
the forecast in development of potential hotel business
in Odessa region as in one of active tourist regions
basing on an indicator — duration of stay of tourists in

means of accommodation.
Results and analysis

Market instability and current problems of eco-
nomic growth in tourist regions require a critical
analysis of the hotel industry, forecasting the length of
stay of tourists in accommodation facilities, calculat-
ing the load levels of hotel enterprises in the regions
of Ukraine. The study of structural and functional re-
lationships in the economy is the basis for forecasting
and modelling the future development of the hotel
sector and destinations, which is possible through

the integrated use of own resources in competition
(Zhang, Tu, Zhou & Yu, 2020; Bekjanov & Matyu-
supov, 2020). Analysis of market trends in the hotel
sector of tourist regions corresponds to the state pri-
orities for socio-economic growth of recreation and
tourism through efficient management (Strategy for
the development of tourism and resorts for the period
of up to 2026: the Order of the Cabinet of Ministers
of Ukraine, 2017).

The analysis of the state of the hotel sector
of the economy according to statistical information in
Ukraine, shows that the number of hotel-type enter-
prises increased by 690 units in the period from 2015
to 2019. The largest growth was observed from 2018
to 2019, totally by 14%. However, there was a nega-
tive trend to reduce the number of hotel enterprises
by 6% in 2015 compared to 2014 and by 2% in 2017
compared to 2016. The number of places also gradu-
ally increased, except for a slight decrease of 2% in
2017 compared to 2016, in 2019 the number of places
increased by 27% or 36 400 units compared to 2018.
Due to the introduction of new hotels, the total num-
ber of places increased by 39.192 units (Collective ac-
commodation facilities, 2015-2018; The main indica-
tors of collective accommodation in Ukraine in 2019,
2020) from 2015 to 2019. We also observe a slight
fluctuation in the number of placed persons, the high-
est growth rate observed from 2015 to 2017 is 17%,
then the figure falls sharply. During the analysed pe-
riod, the number of accommodated persons increased
by 1.197.020 people (Table 1).

The distribution of hotel enterprises of Ukraine
in 2019 by region indicates that the largest number
of them is in the Lviv region — 106 units, Kyiv region
and the city of Kyiv, which together consist of — 145
units, Odessa region — 72, Transcarpathian region —
49, Ivano-Frankivsk region — 44, Kharkiv region — 38
(Fig. 1). These regions with the largest localization
of hotels and similar accommodation are developed
tourist destinations of various types of tourism:
business tourism, cultural and cognitive, ski resorts,
health tourism, as well as transit (for example, the city
of Borispol, where there is the country’s main airport).
All of them have attractive recreational resources and
tourism infrastructure services, a significant number
of full-time employees, relatively high capacity, as
well as a high percentage of foreign tourists.

Our further research focuses on the example of
the Odessa region, which is one of the leading tourist
regions of Ukraine, as it has significant recreational
and cultural — historical resources, transport
infrastructure and hotel services. The city of Odessa
forms the core of cultural, cognitive and business
tourism in the region (Gerasimenko, Bedradina,
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Table 1. The dynamics of the development of enterprises of Ukrainian hotel sector for 2015-2019

Number of hotel-type enterprises, units Number of rooms, units Number of accommodated persons
Year The absolute value The absolute value The absolute value
of the indicator, Growth rate % of the indicator, Growth rate % of the indicator, Growth rate.%

2015 2478 -6 132 535 6 4297190 7
2016 2534 2 135916 3 5037075 17
2017 2474 2 133 396 2 5135164 2
2018 2777 12 135 327 1 5410242 5
2019 3165 14 171 721 27 5494 210 2

Source: developed and compiled by the authors according to the State Statistics Service.

Galasyuk et al, 2016). The region has powerful
resources for the formation of a modern sphere of
hotel and resort services. According to statistics, the
number of hotels and similar accommodation in the
region in 2019 amounted to 72 companies, which
are by 12 companies less than in 2017. For the last 3
years, the Odessa region takes the third place in the
ranking, which is inferior only to the Lviv region and
the city of Kyiv.

Authors would like to note, that the reduction in
the number of hotel enterprises has led to a reduction
in accommodation capacity due to the liquidation of
unprofitable enterprises. During the analysed period,

the base of tourist accommodation amounted to 6961
places in 2019, which is by 1002 places less than in
2017, which affected the overall rating of the region
(Collective accommodation facilities, 2015-2018;
the main indicators of collective accommodation in
Ukraine in 2019, 2020). The total number of serviced
tourists in 2019 increased by 32.089 people compared
to 2017 (Table 2). According to the study, the number
of foreign tourists served during the analysed period
increased slightly, by only 108 people, while in 2018
their number decreased significantly, by 7839 people
compared to 2017 (Table 2).

Kyiv

Chernihiv region
Chernivtsi region
Cherkasy region
Khmelnytsky region
Kherson region
Kharkiv region
Ternopil region

Sumy region

Rivne region

Poltava region

Odessa region
Nikolaev area

Lviv region

Luhansk region
Kirovograd region
Kyiv region
Ivano-Frankivsk region
Zaporozhye region
Transcarpathian region
Zhytomyr region
Donetsk region
Dnipropetrovsk region
Volyn region
Vinnytsia region

Regions of Ukraine

106

40

Number of hotel enterprises

60 80 100 120

Fig. 1. Regional distribution of hotel business enterprises of Ukraine in 2019, units

Source: compiled and developed by the authors according to the State Statistics Service. The information is given
without taking into account the temporarily occupied territory of the Autonomous Republic of Crimea, the city of
Sevastopol and part of the temporarily occupied territories in Donetsk and Luhansk regions.
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Table 2. The place of the Odessa region among other administrative-territorial units of Ukraine by the main indicators of the hotel sector in

2017-2019
; Years
Indicators
2017 2018 2019
, ) Place 3rd, after Lviv region, 3rd_afterthe city of Kyiv, 3rd_ after Lviv region,
Number of hotlel enterprises, Kyiv Lviv region Kyiv
s F
vt Indicator value 80 67 72
. . - 3rd_afterthe city of Kyiv, | 314, afterthe city of Kyiv, | 3rdafterthe city of Kyiv,
One-time Cf_i.pa{:lty of hotel ace Lviv region. Lviv region Lviv region
enterprises, places -
Indicator value 7963 6713 6961
th ; i th
Pl i e a:fter.the :;ty ?fKS.m’ 4th after the city of Kyiv, _— L4' ’ aﬁ?r Kviv
The tot.al_ number of served ace VIV ICCION, BYIVICEION, | jote region, Kyivregion. yiv, Lviv r.eglon, yiv
visitors, persons Kharkiv region region
Indicator value 187275 201306 219364
: . Pliice 3rd, afterthe city of Kyiv, | 4t after the city of Kyiv, 3rd, after
Number of served foreigners, Lviv region Lvivregion, Kyivregion. Kyiv, Lviv region
ersons
P Indicator value 49480 41641 49588
) o Place 3rd, afterthe city of Kyiv, | 314, afterthe city of Kyiv, 3rd after
Duration of stay of visitors, Lviv region Lviv region Kyiv, Lviv region
man-days -
Indicator value 484064 414030 433111
- 3rd_afterthe city of Kyiv, | 314, afterthe city of Kyiv, 3rd_ after Kyiv, Lviv
Number of rooms, units ace Lviv region Lviv region region
Indicator value 4043 3490 3453

Source: developed and compiled by the authors according to the State Statistics Service.

The length of stay in the Odessa region also tends
to decrease, during the analysed period it decreased
by 50.953 man-days compared to 2017, the number of
rooms also decreased by 590 units (Table 3).

is less than the average for the regions of Ukraine, a
slight increase of — 1.02%, for the analysed period is
observed in 2019. The share of hotel enterprises in the
Odessaregion in the total capacity of Ukraine averages

Table 3. The load level of the hotel sector of Ukraine and in Odessa region

Indicator values by years Change in the
. values of
Rew No bl 2017 2018 2019 indicators from
2019 t0 2017.%
1 The total number of seats Total in Ukraine 87882 74198 75667 -13.90%
places in the enterprise hotel - .
2 entities (EHE), seats places Odessa region 7963 6713 6961 -12.58%
The share of EHE of Odessa region in the total
3 capacity of EHE of Ukraine, % (row 2: row 1 x 9.06% 9.05% 9.20% X
100%)
4 Duration of stay of visitors Total in Ukraine 7708079 7103662 7040927 -8.70%
3 in EHE, man-days Odessa region 484064 414030 433111 -10.53%
Share of EHE in Odessa region in the total
6 amount of man-days of service provided,% 6.28% 5.83% 6.15% X
(row 5: row 4 x 100%0)
7 Total in Ukraine 24.00% 26.20% 25.50% 6.30%
EHE load level,%
8 L IENEL Odessa region 16.65 16.85 17.04 102

Source: developed and compiled by the authors according to the State Statistics Service.

The analysis of the level of occupancy of hotel
enterprises in the dynamics by regions of Ukraine
and separately in the Odessa region proves that the
total number of locations of hotel enterprises in the
regions of Ukraine decreased by 13.9%, respectively
in the Odessa region decreased by 12.58%. The level
of occupancy of hotel enterprises in the Odessa region

9.1%. Competition in the hotel services market has
led to a reduction in the number of hotel enterprises
— legal entities in Ukraine as a whole by 15.7%, and
in the Odessa region decreased by 10%. The total
share of regional hotels and similar accommodation
facilities averaged 8.5%, in Ukraine as a whole, and
in 2019, the maximal share was 9.09%. In August, the
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capacity of hotel enterprises in Ukraine increased by
3.20% and in the Odessa region — by 1.40% during
the analysed period (Table 4).

the analysed period, so in 2017 the average length of
stay was 2.6 days and in 2019 — 2 days. This trend is
due to the rapid development of regional alternative

Table 4. The average capacity of enterprises in the hotel sector of Ukraine and in Odessa region

No Indicators value by vears Change in the
S values of
Row No 2017 2018 2019 indicators from
2019 to 2017, %
1 The il mober afsealy. | oo <o Pikoutne 87882 74198 75667 -13.90%
places in the enterprise
2 ol enm;zc(fs}m)’ L R — 7963 6713 6961 12.6%
The share of EHE in Odessa region in the total
3 capacity of EHE of Ukraine, % (row 2: row 1 x 9.10% 9.00% 9.20% X
100%)
Number of enterprise Total in Ukraine 940 789 792 -15.70%
hotel entities, units Odessa region 80 67 72 -10%
Share of EHE in Odessa region in the total
6 number of UGS of Ukraine, % (row 5: row 4 x 8.51% 8.49% 9.09% X
100%)
7 Total in Ukraine 93 94 96 3.20%
The average capacity of
8 the hotel industry. places | (degsa region 9% 100 97 1.40%

Source: developed and compiled by the authors according to the State Statistics Service.

The indicator of the length of stay of tourists in
Ukraine also decreased during the analysed period
by 8.7%, and in the region decreased by 10.53%.
The share of the Odessa region in the total volume
of services provided (man-days) averages 6% for the
whole period (Table 5).

rented accommodation and private apartments. For
example, Airbnb is the largest platform for tourists
in search of accommodation in 2019, which presents
more than seven million properties around the world.
Researchers note that partnership services for tourists
in search engines in the field of private accommodation

Table 5. Average time of stav of tourists in the enterprises of the hotel sector of Ukraine and in Odessa region

Change in the
- . Indicator value by years indicator value
oW Indicators from 2019 to
2017 2018 2019 2017, %
1 Visitors duration of Total in Ukraine 7708079 7103662 7040927 -8.70%
2 stay, man-days Odessa region 484064 414030 433111 -10.53%
3 The total number of Total in Ukraine 3792576 3747656 3693556 -2.61%
4 served visitors Odessa region 187275 201306 219364 17.13%
The share of EHE m Odessa region in the total
5 volume of served visitors, % (row 4: row 3 x 4.94% 537% 5.94% X
100%)
6 The average Total in Ukraine 2 1.9 1.9 -5.00%
visitors length of _ o
7 stay, days Odessa region 2,6 2.1 2 -23.08%

Source: developed and compiled by the authors according to the State Statistics Service.

The indicator of the total number of served
tourists in Ukraine decreased by 2.61% during the
analysed period, but in the Odessa region this figure
increased by 17.13%, the share of hotel services
in the Odessa region in the total number of served
visitors ranged from 4.94% in 2017 to 5.94% in 2019.
The average length of stay of visitors in Ukraine
decreased by 5% and amounted to 1.9 days in 2019.
In the Odessa region there is also a negative trend of
decreasing the number of visitors by 23.08% during
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have significantly undermined the hotel sector of the
tourism industry (Keogh, Kriz, Barnes & Rosenberger
III, 2020), and at the same time should attract the
attention of local authorities and owners. Alternative
accommodation facilities for limited recreational
activities in relation to the natural resources of the
destination (Sinlapasate, Buathong, Prayongrat,
Sangkhanan, Chutchakul & Soonsawad, 2020).

In modern conditions, under the influence of
intensified competition, in the regions of Ukraine
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there are hotels by category, which provide a range
of basic and additional services. The largest number
of such hotels is located in the Kyiv region — 57, then
in Odessa — 46, in Lviv — 31. Also, the largest five-
star hotels in the Odessa region — 12, in Kiev — 8,
Lviv — 4 (Register of certificates of establishment of
hotel categories, 2020). The sector of hotels of three
stars and below in Ukraine remains unfilled and is
represented mainly by enterprises with a medium
level of service and a small set of additional services,
so it is necessary to develop demand in recreational
regions for health services with SPA-hotels. Let’s
pay attention to the development of international
hotel chains in Ukraine. Thus, the international hotel
business operator Radisson Hotel Group plans to
open a new hotel under the Radisson brand in Odessa
in 2021. With the launch of the new hotel Radisson
Hotel Group will be represented by eight hotels and
1445 guest rooms in Ukraine. But in the regions under
international management is less than 1% of the hotel
fund of the country, which indicates a low degree of
investment attractiveness of the Ukrainian market of
hotel services for international hotel operators.

An important factor influencing the occupancy of
hotels is the level of cooperation of hotels with tour
operators and travel agents in the implementation of
tourist vouchers. Based on the fact that there is no
official statistical information on the income of hotels
and similar accommodation in Ukraine for 2018-2019,
we analyse the income structure of hotel enterprises in
2017 in Ukraine and in the Odessa region (Collective
accommodation facilities, 2015-2018; the main
indicators of collective accommodation in Ukraine in
2019, 2020). The share of hotel business enterprises in
the Odessa region by income, by regional distribution
of Ukraine is 4.77% or 346582.9 thousand UAH, in
the structure of income — 274180.5 thousand UAH is
the income from the sale of rooms, 5964.1 thousand
UAH from the sale of vouchers, 66438.3 thousand
UAH from additional services. The largest percentage
of the total income by region of Ukraine is the income

from the sale of rooms, the smallest from the sale of
tourist vouchers. But in the Odessa region the share
of the realized permits made 31.96% of the general
income across Ukraine. Thus, we can conclude that the
region has sold the largest number of tourist vouchers
to accommodation facilities of different profiles
compared to other regions of Ukraine (Table 6).

The most dynamic hotel industry is developing
in Kyiv and Kyiv region (where 150 facilities with a
total number of rooms over 9200 are concentrated),
as well as in the recreational areas of Odessa, Lviv
and Transcarpathia as a whole). But, even in Kiev,
where the rate of hotel rooms is about 6-7 places per 1
thousand inhabitants, it is still very far from the rate of
European capitals. For example, in the city of Vienna,
this figure is 26 places per 1 thousand inhabitants, and
in Paris — 35 (Kapranova & Nikitin, 2018, p.110).
Increasing the number of rooms in category hotels is
anecessary condition for the development of business
tourism in the regions of Ukraine.

To predict the development of hospitality in the
Odessa region, we will calculate the dynamics of the
increase rate in the length of stay of tourists in hotels,
which in the context of economic intensification
measures the increase in time of economic potential
of the hotel sector. Calculations of chain indicators of
anumber of dynamics of duration of stay of tourists in
hotels for 2017-2019 are given in (Table 7).

As we can see from the calculations, in 2019,
compared to 2018, the length of stay of tourists
increased by 19081 days or by 4.6%. The maximal
increase is observed in 2019 (19081 days). The
minimal increase was recorded in 2018 (-70.034
days). The growth rate shows that the trend is
increasing, which indicates an acceleration of the
length of stay. Calculations of basic indicators of a
number of dynamics are given in the Table. 8.

In 2019, compared to 2017, the length of stay
decreased by 50.953 days or by 10.5%. The above
indicators according to formulas 1-9 are grouped in
summary table 9.

Table 6. The structure of revenues of enterprises in the hotel sector of Ukraine and in the Odessa region in 2017

Indicators Total in Ukraine Odessa region Part of the Odessa region
Revenues from hotel services and similar accommoda- o
tion, total thousand UAH 7261479.6 346582.9 4.77%
Rooms sale 5406776.4 274180.5 5.07%
proportion, % 74.46 79.11 X
from the sale of vouchers, thousand UAH 18658.5 5964.1 31.96%
proportion, % 0.26 1.72 X
from additional services that are not included in the price o
of the room / vouchers, thousand UAH 1836044.7 66438.3 3.62%
proportion, % 25.28 19.17 X

Source: own collaboration
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Table 7. Chain indicators of a number of dynamics of duration of stay of tourists in hotels of the Odessa region for 2017 —2019

Year Duration of stay, days | Absolute growth | Growthrate, % | Riserate, % | Absolute value of 1% increase | Rise rate, %
2017 484064 - - 100 - 0
2018 414030 -70034 -14.47 85.53 4840.64 -14.47
2019 433111 19081 4.61 104.61 4140.3 3.94

Source: own collaboration

Table 8. Basic indicators of the dynamics of duration of stay of tourists in hotels of the Odessa region for 2017 — 2019

Year Duration of stay, days Absolute growth Growth rate, % Rise rate, %
2017 484064 - - 100
2018 414030 -70034 -14.47 85.53
2019 433111 -50953 -10.53 89.47

Source: own collaboration

Table 9. Chain and baseline indicators of dynamics of the duration of stay of tourists in hotels of the Odessa region for 2017 —2019

Year Duration of stay, days Absolute growth Rise rate Growth rate Absolute value of
Chain Basic Chain Basic Chain Basic 1% increase

1 484064 - - 100 100 - - -

2 414030 -70034 -70034 85.53 85.53 -14.47 -14.47 4840.64

3 433111 19081 -50953 104.61 89.47 4.61 -10.53 4140.3
Source: own collaboration

Let’s calculate the average characteristics of Yy

the series. The average level of the series y of the dy == -1 (13)
dynamics characterizes the typical value of absolute dy = 433111 5484064 _ 254765,

levels. To find the average level of the moment series
use the chronological average:

(10)

The average length of stay for the analysed pe-
riod was 443 735 days.

Average rise rate:
- nw
T, = yi

2433111
T, = 484064 = 0.9459.

(11)

=

j

The average for the entire period of growth of the
analysed indicator was 0.9459.

Average growth rate:

Tnp =
Ty =0.9459 -1=-0.0541.

T, -1 (12)

On average, the length of stay decreased by
5.4% annually. The average absolute increase is a
generalized characteristic of individual absolute
increments of a number of dynamics.

Let’s calculate the average absolute increase:
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Thus, every year the length of stay of tourists in
hotels in the region decreased by an average of 25
476.5 days. Let’s make a forecast for the length of
stay of tourists in hotels in the region for the next 3
years, using the rate of absolute growth:

y (2020) =433 111-25 476.5 =407 634.5 days.

y (2021) =407 634.5-25 476.5 = 382 158 days.

y (2022) = 382 158-25 476.5 =356 681.5 days.

According to the calculations, the annual
decrease in the length of stay of tourists for the
period 2020-2022 in hotel establishments of the
Odessa region is forecasted. Therefore, it is possible
to offer the management of regional hotel business
enterprises to intensify marketing activities in foreign
and domestic tourism markets to attract tourist flows
to their accommodation facilities, establish mutually
beneficial cooperation with international hotel
operators, develop franchised hotel chains in the
region, and implement flexible pricing. The obtained
results support and complement modern methods of
regional research on forecasting tourist flows and
tourist stays (Karadzic, Pejovic, 2020).

Conclusions

A study of the hotel sector according to statistical
information in Ukraine shows that over the past
3 years, the Odessa region ranks third in the main
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indicators of economic activity of the hotel industry,
second only to the Lviv region and the city of Kyiv.
It is established that the largest percentage of sold
tourist vouchers to accommodation establishments
in the regions of Ukraine, falls on the hotel sector of
the Odessa region. At the same time, the commercial
activity of the hotel sector of the destination is
influenced by the development of alternative
accommodation: hostels, private mini-hotels, as well
as short-term rented apartments, which affected the
demand for hotel services, hotel revenue from room
sales, travel vouchers and additional services.

It is established that the effective operation of
enterprises in the hotel sector affects the attractiveness
of the tourist destination. The movement of tourist
flows depends primarily on the level of development
of hospitality, quality and specialization of services.
The calculated data obtained during the study show
that for the period 2021 - 2022 the annual decrease
in the indicator of the length of stay of tourists in the
enterprises of the hotel sector of the Odessa region is
forecasted. In the context of overcoming the effects of
the global COVID-19 pandemic, managers of regional
hotel enterprises need to focus on marketing activities
to attract consumers of domestic tourism services, in
particular, establish cooperation with regional and
municipal networks of tourist information centres
and tour operators, and promote hotel services
through communication channels, Internet networks.
To ensure the support of their own segment of the
tourism market, owners and managers of regional
hospitality enterprises must guarantee safe conditions
for consumers of hotel services, providing them with
prompt medical, technical and legal assistance.

According to the results of the study, it is
advisable to recommend the hotel sector to form
post-crisis bonus programs to increase the length of
stay of tourists in their institutions, develop loyalty
programs to attract foreign and domestic tourists to
destinations, establish mutually beneficial cooperation
in franchising hotel chains, additional services to
pursue a flexible pricing policy for room tariffs and
services based on methods of forecasting the load of
hotel enterprises in post-crisis conditions.

Further research of the authors will be aimed
at forming a mechanism for promoting tourist
destinations in Ukraine in foreign markets.
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Abstract. Groundwater is the principle source of drinking water and protection of groundwater
quality is an important issue meets out the increasing population and agricultural practices.
The present research an attempt made to develop DRASTIC model to understand the
groundwater contamination risk in Ponnaiyar River Basin (PRB), Tamil Nadu, India using
geographical information system (GIS). GIS have been shown to be useful tools for assessing groundwater pollution hazard. According
to Central Ground Water Board reports the PRB categorized by semi-critical groundwater development. In view of the extensive
reliance on this basin, contamination of PRB groundwater became an alarming issue. To assess groundwater contamination risk in the
PRB the parameters such as Groundwater depth, Net recharge, Aquifer media, Soil media, Topography, Impact of vadose zone and
Hydraulic conductivity were selected. Based on the importance of groundwater contamination all the parameters were assigned to rank
and weights. Then all the themes were integrated and classified into five categories such as very low (9.33%), low (26.54%), moderate
(34.77%), high (22.38%) and very high (6.98) risk. To validate the DRASTIC model, nitrate concentration was selected and found that
it is 81.53% accurate which reflects that, DRASTIC model is appropriate to understand groundwater pollution risk assessment. In the
GSB groundwater is contaminated mainly due to extensive use of groundwater extraction for agriculture purpose. Groundwater risk
index assessment is an effective tool for groundwater management in the PRB.

Keywords: Remote sensing, GIS, DRASTIC indeed, Groundwater vulnerability, South India

IIpocTopoBe kapTorpadgyBaHHs BPa3JaMBOCTI MiJA3¢eMHUX BO/ 10 OLiIHKH PU3UKY 3a0pyIHEeHHS 3
pukopucranusam moaesi DRASTIC y 0aceiini piuku Ilonnasp, IliBnenna Ingis

LT PaBingpanar, B. Tipyxkymapan

epoicasnuil konedsic mucmeyms, ynisepcumem Ilepiap, Canem, Taminnao, Indis, geoscienceravi@yahoo.co.in

Axorauisi. ITing3eMHi BOIU € OCHOBHUM JDKEPEIIOM IHMTHOI BOJH, @ 3aXMCT SKOCTI Mi3EMHHUX BOJ € BAXKJIMBUM MHUTAHHAM, LIO BiJ-
MOBiJIa€ 3pOCTAIOUill YNCENBPHOCTI HACENEHHS Ta CLTbCHKOTOCIIONAPCHKIM MpakTUIi. Y IbOMY JOCHTIHKEHHI 3po0ieHa cmpoba pos-
pobutu monenb DRASTIC asist po3ymiHHS pu3UKy 3a0pyaHeHHs mia3eMHux Boj y [lonHaspcskomy piukoBomy Oaceitni (ITPB) (mrar
Tawminuan, [anis), BukopucroByroun reorpadiuny indopmauiiiny cucremy (I'IC). Ilokazano, mo I'IC € kopucHUMH IHCTpyMEHTaMH
JUISL OLIIHKK HeOe3reky 3a0pyIHeHHs MiA3eMHHX BOJ. 3TiAHO 3 MoBixoMiIeHHsSMH LleHTpanbHOi pagu 3 nuTaHs IpyHTOBHX BOJ, [IPB
KJIacu]iKyeThCs 3a HAMIBKPUTUYHUM PO3BHTKOM Ii3MHUX BOA. 3 OISy Ha 3HA4YHY 3aJICXKHICTB Bif IIbOTO Oaceliny, 3a0pyJHEeHHS
migzemanx Box [IPB cranmo 3arposnmBoro mpobiemoro. Jlist OmiHKK pu3nKy 3a0pynHeHHs mig3eMHux Bon y IIPB Oynmu oOpani Taki
rapaMeTpH, K NIHOMHA IPYHTOBHX BOJI, TOIIOBHEHHS 3a11aciB, BOJOHOCHHMI 11ap, IPYHTOBE CepeI0BHUILE, TOIOrpadis, BILIMB BaJO3HOT
30HU Ta TiApaBiIidHA MPOBIIHICT. BUXOAIYM 3 BOXKIIMBOCTI 3a0py/IHEHHS ITiJ36MHHUX BOJ, BCIM mapamerpam OyJIM MPHCBOEHI PaHT Ta
Bara. Tozi Bci MOKa3HUKH OyiiM iHTErpoBaHi Ta Kiacu(ikoBaHi 3a I’sITbMa KaTeropisiMH, TAKUMH SIK JTyxe HU3bKUH (9,33%), HU3bKHI
(26,54%), nomipumuit (34,77%), Bucokuit (22,38%) ta nyxe Bucokuii (6,98) pusuk. s nepesipku moneni DRASTIC Gyna o6pana
KOHIICHTpAIIisl HITPaTiB, 1 OyJI0 BCTAHOBJIEHO, 110 BOHA € TOYHOIO Ha 81,53%, 110 MiATBEPIKY€E MOXKIIMBICTD 3aCTOCYBAHHS MOJEINI
DRASTIC nmst po3yMiHHS OIIIHKH pU3UKY 3a0pyaHEHHS mia3eMHuX BoA. Y GSB min3eMHi Boau 3a0pyJHEH] TOJIOBHUM YHHOM 3aBISIKH
LIMPOKOMY BUKOPHUCTAHHIO BUAOOYTKY MiA3€MHUX BOI IJISl CLIBCHKOTO rocronapcTsa. OIiHKA 1HAEKCY PU3HUKY 3a0pyIHEHHS MiI3eM-
HHX BOJI € epeKTHBHHM IHCTPYMEHTOM yNpaBIIiHHS Mig3eMHuMu Bogamu B [TPB.

Kniouosi cnosa: oucmanyivine 3ondyeanns, I'lC, DRASTIC, spasziusicmo niozemnux 600, Ilioenna Inois
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Introduction

Groundwater is one of the most valuable resources
for living peoples. Due to extensive pumping,
agricultural, and industrial activities, aquifers are at
risk of being contaminated. Intensive application of
pesticides and fertilisers, discharge of wastewater,
and industrial effluent and excessive groundwater
abstraction are just a few examples of activities that
lead to groundwater contamination. These activities
have resulted in the deterioration of water resources
in various regions around the world (Pandey et al.
1999).The drastic model developed by the U.S.
Environmental Protection Agency in 1985 with
aiming to evaluate groundwater pollution potential for
the entire USA. The word DRASTIC is an acronym
formed the initial letters of the seven factors which
are used for determining relative rankings. (D) refers
to depth to water, (R) refers to net recharge, (A) refers
to Aquifer media, (S) refers to soil media, (T) refers
to topography, (1) refers to impact of the vadose zone
media, and (C) refers to hydraulic conductivity of the
aquifer (Aller et al.,1987) It is very common to use
intrinsic vulnerability either alone or coupled with
other factors to assess groundwater contamination
risk. The most widely used method for intrinsic
vulnerability assessment is the DRASTIC approach
(Aller et al. 1985). A calibrated drastic model was
used to predict the intrinsic vulnerability as well as
the groundwater pollution risk (Shahid, 2000;Smail,
2014; Kazakis and Voudouris, 2015; Mfumu
Kihumba et al.,2017).Ahirwar and Shukla (2018)
assessed the groundwater vulnerability in Upper
Betwa River watershed using GIS based DRASTIC
model. The revealed that high vulnerable zone located
in unsuitable of nitrate concentration in groundwater.
It is proved that DRASTIC model is one the suitable
model for groundwater contamination.

DRASTIC is a standardized system, for assessing
ground water pollution potential using hydrogeologic
setting (Sahu and Nandi,2015).In  groundwater
context, risk can be defined as the probability that
groundwater at a drinking well becomes contaminated
to an unacceptable level by activities on the land
surface(Morris and Foster 1998). Baalousha (2011)
conducted a case study on mapping groundwater
contamination risk using GIS and groundwater modeling
in Gaza Strip at Palestine. The results show that area
o highest contamination risk occurs in the southern
cities of Khan Yunis and Rafah. Remote sensing and
Geographical Information System (GIS) has been
widely used in risk mapping (Al-Adamat et al. 2003;
Mimi and Assi 2009).Groundwater vulnerability map
for the Kherran plain designed to demonstrate areas of
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maximum potential for groundwater pollution based on
hydro-geological state and human impacts. (Chitsazan
and Akhtari, 2009). A vulnerability map for the Ordos
Plateau has been designed to demonstrate the areas
of the maximum potential for groundwater pollution
based on hydrogeological conditions (Yin, 2013).
Venkatesan et al. (2019) explained the groundwater
vulnerability using GIS a DRASTIC model for Upper
Palar River basin, Tamil Nadu. The result of the study
shows that, 50% of the study area falls under very high
pollution potential zones. The very high vulnerability
class, which is covered by the alluvium along the river
course, is most likely to pollution due to the very lower
slope terrains in the direction of central part which
allows better percolation of contaminants into the
groundwater. In this study, a new approach is proposed
for contamination risk mapping. This approach depends
on the idea that groundwater contamination risk is a
product of probability of contamination occurring and
contamination impact.

Study Area

The study area Ponnaiyar River basin extends
over approximately of 11,595 sq. km, and lies between
11°350 and 12°35°0” N latitudes and 77°45°0” and
79°55°0” E longitudes (Fig. 1). Ponnaiyar River
originates on the southeastern slopes of Chennakesava
Hills, northwest of Nandidurg of Kolar district in
Karnataka State at an altitude of 1000 m above mean
sea level (amsl). The total length of Ponnaiyar River
1s 432 km of which 85 km lies in Karnataka state, 187
km in Dharmapuri, Krishnagiri and Salem districts,
54 km in Thiruvannamalai and Vellore districts and
106 km in Cuddalore and Villupuram districts of
Tamil Nadu. The Ponnaiyar basin is predominantly
built up with granite and gneisses rocks of Archean
period. The granite is of very good quality and
extensive outcrops and masses of it are commonly
found. The chief components of rocks are hornblende
and feldspar. Foliation is seldom seen. In the plains
of reserve forest, quartz is found commonly. The
diamond granite is also found in scattered pockets in
the area of Chitteri hills in Dharmapuri and Krishnagiri
sub-divisions. Charnockite rocks of Archean period
are also seen in some areas. Alluvium and sand dunes
of quaternary period are also seen at a few places.
The 15 years (2000-2014) average annual rainfall in
the basin is 969 mm. The catchment falls under the
tropical belt. The climate in general is hot; April and
May being the hottest months of the year when the
temperature rises to 34°C.
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Fig. 1 Location of the study area Ponnaiyar River Basin shows the Rainfall station, water sample location for water level and

groundwater quality.

Methodology

The DRASTIC model consist of seven parameter
based on the previous literature such as D-depth to
water, R-recharge, A-aquifer media, S-soil media,
T-topography, I- impact of the vadose zone, and C-
hydraulic conductivity. The system contains three
parts such as ratings, ranges, and weights. Every
drastic parameter has been assigned a relative
weight between 1 to 5, with 5 being considered most
significant and 1 being considered least significant
regarding contamination potential. Moreover, each
parameter has been assigned a rating according to
range between 1 and 10, which depends upon the
influence of pollution concentration.

DRASTIC parameters

Depth to water level (D)

There are 48 water level sample has been
collected during the pre-monsoon season, June 2018
for estimation of groundwater depth. The maximum
and minimum water level depths measured in the
watershed are 26 m and 3.5 m below ground level
(bgl) respectively. This point data were contoured by
interpolating and divided into five classes. Areas with
shallow water table depth are more vulnerable because
pollutants have to pass the shortest distance to join the
water table. The deeper water table levels imply lesser
chance for contamination to occur. The depth to water
table map was then classified into ranges defined by
the DRASTIC model and assigned rates ranging from

1 (minimum impact on vulnerability) to 10(maximum
impact on the vulnerability) and index was calculated
by multiplication of weight (5) to ratings for each
range which is shown (Fig.2).

Fig. 2. Groundwater depth spatial distributions in the study area

Net Recharge (R)

Net-Recharge is the amount of water which
penetrates the ground surface and reaches the water
table, recharge water represents the medium for
transporting pollutants. Recharge water thus available
to transport a contaminant vertically to the water table
and horizontally within the aquifer. The present study,
Sehgal (1973) formula, utilized for net recharge from

rainfall. The formula is
W = 12.6(P — 406.4)"3 (D
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The spatial distributions of the net recharge are
shown in Figure 3. The rank and weights are assigned
based on the importance.

Agquifer Media (A)

Aquifer media refers to consolidated or
unconsolidated rocks serve that as an aquifer. It
i1s the saturated zone material, which controls the

Fig. 3 Net recharge calculated from average annual rainfall for
the study area

pollution attenuation processes which determine the
flow rates and types of contamination. There are
thirteen lithological features covered in the study
area. The assigned rating for aquifer media is found
to be in the range, rating and index were calculated by
multiplication of weight (3) to rating for each range
which is shown in (Fig.4).

Fig. 4 Aquifer media in the study area

Soil Media (S)

Soil media refers to the weathered portion of
the earth surface characterized by considerable
biological activity. The soil types mostly affect soil
act as transport media for contaminants to travel
vertically into the groundwater because, of its ability
to infiltrate impurities through rainfall recharge. Soil
pollution potential. Soil types were analyzed and
identified from different sampling stations using
soil texture analysis. Based on soil order, the soil
categories is alfisols, entisols, inceptisol, vertisols,
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hill soil, Pondicherry group and reserved forest. The
rating value of 6 was the greatest in the study area.
This result was then compiled into a soil media map
as an index. The range, rating and index of soil media
of the study area are given in Figure 5.

Fig. 5 Soil order in the study area

Topography (T)

Topography refers to the slope and slope
variability of the land surface. Topography helps
control the likelihood that a pollutant will run
off or remain on the surface for long to infiltrate.
Therefore, the greater the change of infiltration, the
higher the pollution potential associated with the
slope. Topography influences soil development and
therefore has an effect on attenuation. Topography is
also significant from the standpoint that the gradient
and direction of flow are controlled by topography.
Generally, steeper slopes signify high surface runoff.
The details of slope classes are given in Figure 6.

Fig. 6 Topography in the study area

Impact of Vadose Zone (I)

The vadose zone is defined as the zone above the
water table which is unsaturated. When evaluating a
confined aquifer, the «impact” of the vadose zone is
expanded to include in the case of a confined aquifer,
the significantly restrictive zone above the aquifer
which forms the confining layer is used as the type
of media which has the most significant impact. The
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type of vadose zone media determines the attenuation
characteristics of the material below the typical, soil
horizon and above the water table. The materials at
the top of the vadose zone also exert an influence on
soil development. The details of vadose zone classes
are shown in Figure 7.

Fig. 7 Impact of vadose zone in the study area

Hydraulic Conductivity (C)

Hydraulic conductivity refers to the ability of
the aquifer materials to transmit water, which in turn,
controls the rate at which groundwater will flow
under a given hydraulic gradient. The rate at which
the ground water flows also controls the rate at which
a contaminant will be moved away from the point at
which it enters the aquifer. Hydraulic conductivity
is controlled by the amount and interconnection
of void space within the aquifer which may occur
as a consequence of factors such as inter-granular
porosity, fracturing and bedding planes. Hydraulic
conductivity values for different soil medium
determined by Ritzema (2006) have been used in the
study (Table 1). The details of Hydraulic conductivity
classes are shown in Figure 8.

Table 1. Hydraulic conductivity: K-value range by soil texture
(Ritzema, 2006)

S.No | Texture Hydraulic
conductivity, K
(m.day-1)
1 Gravelly coarse sand 10-50
2 Medium sand 1-5
3 Sandy loam, fine sand 1-3
4 Loam, clay loam, clay (well | 0.5-2
structured)
5 Very fine sandy loam 0.2-0.5
6 Clay loam, clay (poorly 0.002-0.2
Structured)
7 Dense clay (no cracks, <0.002
pores)
DRASTIC Index

In the present study, the DRASTIC method,

for evaluating groundwater pollution potential
was used. The DRASTIC model is used in many
countries because the input information required
for its application is readily available. The model
was developed for the purpose of GW protection
in the United States of America (USA) and its

Fig.8 Hydraulic conductivity in the study area

methodology is referred as “DRASTIC” (Rahman,
2008). A numerical ranking system to assess ground
water pollution potential in hydrologic settings
has been devised using the DRASTIC factors. The
system contains three significant parts i.e. weights,
ranges and ratings. DRASTIC model evaluates the
intrinsic vulnerability (Di) of groundwater in term of
DRASTIC index using formula

DRASTIC Index (Di) = DrDw + RrRw + ArAw
+ SrSw +TrTw + Irlw + CrCw  (2)

Where, D- depth to water, R- net-recharge, A-
aquifer media, S-soil media, T- topography, I- impact
of Vadose zone, and C- hydraulic conductivity are the
parameters, “1” is the rating value, and “w” the weight
assigned to each parameter.

Each DRASTIC factor has been evaluated
with respect to the other to determine the relative
importance of each factor. Each DRASTIC has
been assigned a relative weight ranging from 1 to 5
(Table2). The most significant factors have weights
of 5; the least significant, a weight of 1. This exercise
was accomplished by using a Delphi (consensus)
approach. These weights are a constant and may
not be changed. Each DRASTIC factors have been
divided into ranges/classes which have an impact on
pollution potential. Each range for each DRASTIC
factor has been evaluated with respect to the others
to determine the relative significance of each range
with respect to pollution potential. The range for each
DRASTIC factor has been assigned a rating which
varies betweenl to 10 (Table 3).The DRASTIC model
is based on seven parameters, corresponding to seven
layers to be used as input parameters for modeling.
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Table 2. Assigned weight for DRASTIC parameters (Aller, 1985)

Factors/ Description Relative
Hydrological weights
settings
Depth to water level | It is depth from ground to water table, deeper the water table lesser will be the chances of 5
pollutions to interact with ground water.
Net Recharge It is the amount of water/unit area of land that penetrates the ground surface and reaches the 4
water table, it is the reporting agents for pollutants to the ground water.
Aquifer media It is the potential area for water storage, the contaminant attenuation of aquifer depends on 3
the amount and sorting of fine grains, lower the grain size higher the attenuation capacity of
aquifer media.
Soil media Soil media is the uppermost and weathered part of the ground, soil cover characteristics 2
influence the surface and downward movement of contaminants
Topography It refers to slope or steepness, areas with low slope tend to retain water for longer, this 1
allows a greater infiltration of recharge of water and a greater potential for contaminant
migration and vulnerable to ground water contamination and vice versa.
Impact of Vadose It is the ground portion found between the aquifer and the soil cover in which pores or joints 5
zone are unsaturated, its influence on aquifer pollution potential similar to that of soil cover,
depending on its permeability, and on the attenuation characteristics of the media.
Hydraul.ic. It refers to the ability of the aquifer formation to transmit water; an aquifer with high 3
conductivity conductivity is vulnerable to substantial contamination as a plume of contamination can
move easily through the aquifer.

Results and Discussion

The DRASTIC index was calculated by
combining all seven layers in the ArcGIS environment
to delineate the groundwater vulnerability zones
shown as the groundwater vulnerability map have
been divided into five vulnerable zones. The very low
vulnerable zones ranging from 55 to 80 DRASTIC
index with a geographical area of about 1082 sq.km,
low vulnerable zones ranging from 80 to 105
DRASTIC index with a geographical area of about
3077 sq.km,moderate vulnerable zones ranging from
105 to 131 with 4032sq. km geographical area, high
vulnerable zones ranging from 131 to 156 DRASTIC
index with a geographical area of about 2595 sq.km
and very high vulnerable zones with DRASTICindex

Fig. 9 DRASTIC index in the study area
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ranging from 156 to 182 with 809 sq. km area (Fig. 9).

According to the vulnerability map, about 3.98%
of the study area falls under very high vulnerability
class which is close to the coastal area; this is most
likely due to the very lower slope terrains in the
direction of the eastern part, which is predominantly
covered with alluvium, and which allows better
percolation of contaminants into the groundwater
(Table 4). About22.38 % of the area falls under high
vulnerblearea, this is owing to lower slope terrain
sand mainly covered with sandy loam and loam
which allows percolation of contaminants to the
groundwater. about34.77 % of the area falls under
moderate vulnerable area, this is probably because of
somewhat high elevation terrains, which is covered
with silty loam, where pollution is in moderate range
in this area and 26.54% of the area falls under low
and very low vulnerable area, this is probably due to
very high slope terrains, which is covered with clay,
so pollution is in very low range in this area.

Validation

The Groundwater vulnerability map was validated
with nitrate concentration in groundwater as shown
in (Fig.10). Results of validation have shown that in
the low vulnerable zone, no nitrate contamination has
been recorded. While in the moderate zone nitrate has
been found in the range of up to 46 mg/l. However,
in high vulnerable zone, up to 110 mg/l of nitrate
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Table 3. DRASTIC model used for rank and weight assignment

Factors Classes Rank Weight Index

Groundwater depth (m, bgl) (D) 03.50-07.58 10 5 50
07.58-11.40 8 40

11.40-15.68 6 30

15.68-19.69 4 20

19.69-26.39 1 5

Net Recharge (mm/year) (R) 211.46-258.49 1 4 4
258.49-284.75 3 12

284.75-305.84 5 20

305.84-323.75 8 32

323.75-353.85 10 40

Aquifer media (A) Gneiss 5 3 15
Charnockite 6 18

Granitic gneiss 9 27

Metta Gabbro 10 30

Basic Rocks 5 15

Amphibolite 6 18

Migmatitic complex 4 12

Acidic rocks 6 18

Champion Gneiss 7 21

Alkaline Rocks 3 9

Ultrabasic rocks 6 18

Ultrabasic complex 7 21

Quartzite 10 30

Anorthosite 5 15

Sand and Silt 4 12

Pondicherry group 2 6

Sands 3 9

Silt and Clay 1 3

Shally sand stone 2 6

Lime stone 1 3

Sand stone and conglomerate 1 3

Clay with limestone 1 3

Soil Media (S) Entisols 1 2 2
Alfisols 5 10

Inceptisols 7 14

Vertisols 10 20

Reserved forest 1 2

Hill soil 6 12

Pondicherry group 2 4

Topography (T) 0-2% 10 1 10
2-6% 9 9

6-12% 6 6

12-18% 3 3

>18% 1 1

Impact of Vadose Zone (I) Gneiss 5 5 25
Charnockite 6 30

Granitic gneiss 9 45

Metta Gabbro 10 50

Basic Rocks 5 25

Amphibolite 6 30

Migmatitic complex 4 20

Acidic rocks 6 30

Champion Gneiss 7 35

Alkaline Rocks 3 15

Ultrabasic rocks 6 30

Ultrabasic complex 7 35

Quartzite 10 50

Anorthosite 5 25

Sand and Silt 4 20

Pondicherry group 2 10

Sands 3 15

Silt and Clay 1 5

Shally sand stone 2 10

Lime stone 1 5

Sand stone and conglomerate 1 5

Clay with limestone 1 5

Hydraulic Conductivity cm/day C 0-5 m/day 1 3 3
5-10 4 12

16-Oct 5 15

16-24 8 24

24-42 10 30
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Table 4. DRASTIC model index area and their percentage

ID drastic Index Area %
1 | Very High 156-182 809 6.98
2 | High 131-156 2595 22.38
3 | Moderate 105-131 4032 34.77
4 | Low 80-105 3077 26.54
5 | Very Low 55-80 1082 9.33

concentration was recorded. As per the standards of
WHO Guidelines for Drinking Water Quality (1984),
the permissible limit of nitrate in groundwater is 45
mg/l and beyond this range it is harmful.

Conclusion

In the study, an assessment the groundwater
vulnerability of the upper part of PRB using DRASTIC
model was carried out. During the study, seven
parameters such as depth to water table, net-recharge,
aquifer media, soil media, topography, impact of

Fig. 10 DRASTIC Model with validation of nitrate concentration
in the study area

the vadose zone, and hydraulic conductivity which
represent the natural hydro-geological conditions
of the watershed were combined in ArcGISand a
groundwater vulnerable map has been prepared.
The PRB the themes were integrated and classified
into five categories such as very low (9.33%), low
(26.54%), moderate (34.77%), high (22.38%) and
very high (6.98) risk. Furthermore, Groundwater
vulnerability map has been validated with nitrate
concentration. This study also indicated that the GIS
technique could provide an efficient way to deal with
a large quantity of spatial data used in the DRASTIC
model. This study gives a very comprehensive picture
of vulnerability to groundwater to contamination in
the area.
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Abstract. The article examines the global and regional issues of international youth migra-
tion. The obtained results are most interesting for those regions where the population is
shrinking and aging with a rising need to involve youth for educational services and local
labor markets, or vice versa, for those losing youth due to their emigration. It is emphasized
that youth create an economically active social group, which volume and quality significantly affect the country’s development. During
the global migration trends identification, the authors identified the international youth migration flows’ differences and features. The
paper notes that the global trends in the international youth migration development include: increase in volume and percentage of youth
in the overall number of migrants and the local population; growth of youth migrants in more developed regions and high-income coun-
tries; the dominance of migratory centers for youth in Oceania, North America, and Europe; formation of powerful centers of migration
of intellectual young labor resources in the UAE, Canada, the USA, Australia, and New Zealand. The available formational policy in
youth migration regulation, on the example of India, China, Taiwan, Japan, USA, and Western Europe, is studied. The impact of the
COVID-19 pandemic on international migration flows is considered, including changes in international migration in 2020. Based on
the UN data analysis on age groups of migrants within geographical regions, it was determined that the prerequisite for such a structure
of migration centers is a high level of migratory attractiveness. Such migration-center structure is also explained by the significant level
of cross-regional migration, as in the localized regions, their factors of «attraction-repulsion» are formed. It is stressed out that increas-
ing military and political instability has led to the uphill of forced youth migrants. The paper proposes the flow optimization directions
of international youth migration by formulating the link between migration policy and elements of other integration policies on migrant
youth (employment policy, social, educational, information and security policies).

Keywords: migration, international migration, youth migration, youth, global issues, centers of gravity, students, COVID-19

MizkHapoaHa MOJIOAIZKHA Mirpaiisi: 0co0JIMBOCTI, TeHIEHILil, MePCIEeKTUBH PeryJl0OBaHHS
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AHoTamisi. Y cTaTTi 10CTiPKEHO II00ANBHY Ta PEerioHaNbHy MTPpoOIeMaTHKy PO3BUTKY MIXXHApOAHOT MOJIOAKHOI Mirpamii. OTpumMani
pe3yibTaTH HAMOUIBII MiKaBi JJISI THX PETIOHIB, Y SKUAX BiIOYBA€ThCS CKOPOYCHHS Ta CTApiHHS HACEJCHHS, BUHUKAE€ HEOOXiTHICTh
3ay4eHHS MOJIOZl Y cepy HaZaHHsS OCBITHIX MOCIYT Ta Ha MIiCLIEBI PUHKH Tpali, a00 HaBMAaKH, SIKi BTPa4aloTh MOJIOIb 32 PaXyHOK
iXHbO1 eMmirpamii. Haromomeno, mo Moioap € Ti€l0 €KOHOMIYHO-aKTHBHOIO COILAJIbHOIO T'PYINOI0, OOCAT Ta SKICTh SIKOI CyTTEBO
BIUIMBA€ Ha PO3BHUTOK Kpainu. Ha ¢oHi izeHTHdikamii mobaqpbHUX MIrpalifHuX TPEHIIB, aBTOPaMH BH3HAYCHO BiAMIHHOCTI Ta
0COOJIMBOCTI MOTOKIB caMe MIKHAPOJHOI MOJIOIDKHOT Mirpaiii. 3a3Ha4eHo, 10 II00aIbHUMH TEeHICHIISIMI PO3BUTKY MIKHAPOIHOL
MOJIOIIXKHOT Mirpamnii €: 3pocTaHHsI 00CATY Ta BarW MOJIOJ y 3arajibHiil YMCEIBHOCTI MIrPaHTIB Ta MiCIIEBOMY HAaCeJIEHHI; 3pOCTaH-
Hsl 00CATY MOJIONDKHUX MITPaHTIB y OUIbII PO3BUHEHUX PETiOHAX i KpaiHax 3 BUCOKUM PIBHEM JOXOAY; AOMiHYBaHHS MIrpauiitHuX
LeHTpiB TsoKiHHSA Mononi y Oxeanii, [liBHiuHI Awmepunui Ta €Bpomi; (opMyBaHHS MOTY)KHHX LEHTPIB MIrpalifHOTO TSDKIHHS
IHTENIEKTyalbHUX MONoAuX TpyaoBux pecypciB y OAE, Kanani, CIIIA, ABcrpanii Ta Hosiii 3enanaii. JocnimkeHo HasBHI popmu
HalliOHAJILHOT OJIITHKY KpaiH y cdepi peryaroBaHHs MOJIONDKHOT Mirparil, Ha npukiani [uaii, KHP, TaiiBanro, Anonii, CLLIA i xpain
3axiguoi €Bponu. IIpoBeneHo J0KaabHE JOCIIDKCHHS MOTUBIB, YMOB Ta HaMipiB MoJiozi B YKpaiHi, Ha NPHUKJIal YHIBEPCHTETCHKOL
CTyAEHTCHKOI crinbHOTH. BpaxoBano BmmB mangemii COVID-19 na MiXkHapopHi MirparmiiiHi HOTOKH Ta PO3IISTHYTO 3MIiHU SKi
BimOymucst y ctepi MikHapomHoi mirpamnii B 2020 pormi. Ha ocHoBi ananisy ganux OOH momo BIKOBHX TpyIl MIrpaHTiB B MeXax
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reorpadiqYHUX PETioHIB BH3HAYEHO, IO MEPEeAyMOBAMH TaKol CTPYKTYypH MirpamifHHX OCEpeIKiB € BUCOKMH piBeHb MirpamiiHol
npuBabiauBocTi. Taka cTpykTypa MIrpamifHOro ocepenKy HOsICHIOETHCSI TaKOXkK 3HAYHUM PIBHEM BHYTPINIHBOPETiOHAIBHOI Mirpaii,
OCKIJIBKH y JIOKaJIi30BaHUX perioHax (GOpMyroThesl BIacHI (haKTOPH «IPHUTATYBAHHS-BHUIITOBXYBAHHS». 3a3HAYCHO, 1[0 TTOCUIICHHS
BIICHKOBO-TIONIITHYHOT HECTaOlIbHOCTI CIIPUYMHWIO 3POCTaHHS KUTBKOCTI BHMYIICHHX MOJIOADKHUX MITPaHTIB. 3ampornoHOBAaHO
HAIpsMH ONTHMI3aLii MOTOKIB MD>XHAPOAHOI MOJIOIIKHOT Mirpawil HUISIXoM (OPMYJIIOBAHHS 3B’ 3Ky MK MirpaiiifHOO HOJIITHKOIO Ta
eJIeMEHTaMH 1HIINX IHTerpaniifHol MOIITHK 010 MIrpyro4oi Moo (TONITHKY 3alHATOCTI, COLialIbHO, OCBITHBOI, iH(opMamiiiHOT Ta

0e31eKOBOT TOJITHK).

Kniouosi cnosa: miepayis, MiscHapoOHa miepayis, MOL0OINCHA Miepayis, MOL00b, 2100ANbHI NPOOIeMU, YeHMPU MANCIHHS, CIMYOEeHMU,

COVID-19

Introduction

In the second half of the XX century, the
irreversible globalization force covered all spheres
of public life and, accordingly, granted independace
to countries and people interdependence. Humankind
faced rapid changes in global political and economic
systems, causing a significant intensification of global
migration flows and forming a fundamentally new
migration at the international level. The migration
issues importance is underlined by the interest of
many on international and non-governmental level.
Those included the European website on Integration,
International Labour Organization, International
Association for Intercultural Education, European
Council on Refugees and Exiles, Platform for
International Cooperation on Undocumented Migrants
(PICUM), Platform for Intercultural Europe, Refugee
International, Human right watch, Separated Children
in Europe Programme, Society for Intercultural
Education, Training and Research, ect. and others.
In their activities, they pamper issues, including
migration and integration of youth and respect for
their rights.

Increased focus on migration started with the
human capital theory when G. Becker (Becker,
1962) emphasized the significant role of migrants in
creating social wealth and differences in motivation
for migration of different ages. Human resources and
noted that «individuals who have not yet invested
in themselves will have an incentive to migrate, and
that partly explained the reason of youth migration
over older generations.» That determines one of the
appropriate areas of the study systematization and
specification of the advantages and disadvantages of
the country’s involvement in international migration
to form trends in relevant processes regulation.

Several features determine modern international
migration. According to the UN, in 2020, 71% of all
migrants originated from developing countries, and
over the past 30 years, the number has more than
doubled (United Nations Departments of Economic
and Social Affairs, Population Division, 2020).
Current migrations are not followed by colonization
or conquest and (Manning, 2017), current migrations
across ethnic, cultural, and even religious boundaries
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(Kerwin, 2020). On the other hand, the immigrant
workers might ensure a stable economic development
of the country (Osaulenko et al., 2020).

In recent years, migration has become a global
challenge to the prospects for further human
development. According to World Migration Report
2020 (IOM), “The current global estimate is that there
were around 272 million international migrants in the
world in 2019, which equates to 3.5 percent of the
global population” (International Organization for
Migration, 2020).

Historically, many migrants are youth, so youth
migration has attracted the particular attention of
the world scientific community for a long time
(Doringetall, 2021).

Literature review

International organizations, government
agencies, and scientists study migration processes
quite thoroughly. Statistics from the United Nations
and the International Organization for Migration
depict the global demographic process of increasing
population migration since the end of the twentieth
century (Fig. 1).

Helliwell (2004) studied the impact of political
and economic factors on demographic change and
increasing migration flows until 2050; he found that
changes in trends and volume of migration flows de-
pend on domestic policies and harm the global demo-
graphic situation. Heinsohn (2019) notes that popu-
lation migration, especially its youth segment, is a
global phenomenon and a catalyst for social develop-
ment. Kobzar et al. (2015) studied the migration evo-
lution wherein there is an increase in the global mid-
dle class and changes in the population demographic
profile due to increasing migration. Tyers and Bain
(2015) developed a demographic submodel as a part
of the global economy standard model that illustrates
the dependence of migration flows on the level of real
wages and the motivation of migrants. Bil (2017),
based on the dynamics of migration flows analysis,
created the concept of migration institutionalization
in modern society and identified societies where the
population majority is migrants. Shymanska, Ku-
rylo, Karmaza, and Timchenko (2017) investigated
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Fig. 1. The dynamics of the world’s population and the international migrants share (according to the WorldBank
(2019a, 2019b), International Organization for Migration (2020)).

Note: the international migrants’share in the world’s population in 2019 is calculated independently according to

International Organization for Migration (2020).

the migration motives determinants as a prerequisite
for the migration flows formation and identified the
transformation of modern migration flows under the
influence of economic, social, and demographic, po-
litical security, linguistic, cultural, environmental and
natural factors. Sardak et al. (2018) took a compre-
hensive approach to study the migration movement of
human resources and noted global migration trends.
Malynovs’ka (2018) explored global and national
aspects of migration policy. R. Stakanov (2020) con-
sidered the impact of the COVID-19 pandemic on
international labor migration. Menozzi and Mishra
(2020) comprehensively identified changes in inter-
national migration flows and determined ten signifi-
cant trends in 2020. However, migration flows studies
by age groups are limited, and statistics differ. That
causes difficulties in determining trends in interna-
tional youth migration and the consequences for the
economy and society.

Among the studies of youth migration, the latest
studies on the environmental aspects of family migra-
tion can be distinguished, which’s part is the youth
migration (Lu, 2020). Attention should also be fo-
cused on the study of Despagne & Manzano-Munguia
(2019) that raised the youth reverse migration issue,
considering Mexico’s case. In particular, their work
considers the mechanisms of linguistic, cultural, so-
cial adaptation of youth in the destination country.
Impressive research by Doring et al. (2021) studied
569 528 18-year-old Swedes who already work. Re-
searchers have found that education quality affects
all-cause mortality in such age group. That is the es-
sential conclusion, as for a large number of conscious
migration begins at this age.

Pitiulych et al. (2020) ran sociological monitoring
of youth migration in the Transcarpathian region of
Ukraine. Their research gives an idea of the migration

motives of Ukrainian student youth. A similar study
on Moldova and Georgia>s example was conducted
by Bastianon (2018), who found that the individual
capabilities, youth aspirations, and the households’
capabilities significantly involve youth decision-
making on migration. On the example of Bulgarian
youth Kovacheva and Hristozova (2019) studied a
narrower phenomenon — the female youth migration.
After studying the migration impact on identity for-
mation, they concluded that youth maintains their na-
tional identity at the highest level. Although, highly
qualified individuals had a more excellent social and
political orientation.

Accordingly, we note the study relevance of the
youth migration features that establish the decompo-
sition direction of national migration policies for this
migrants’ category.

Material and research methods

Nowadays, the migration processes require an
in-depth study based primarily on statistical research
to establish the causes and negative consequences in
the future. That is especially relevant for the study of
youth migration. Since youth is the population age
cohort with an internal structure and mechanisms to
support cultural patterns. Youth are more inclined and
have a high potential for innovation in all spheres of
society. Being the most economically active part of
society, youth have high employment potential and
workability. It has high demographic productivity
from a demographic point of view (70-80% of births
occur at a young age). However, youth also have a
high adaptability degree, ability to learn and develop
new knowledge.

The study used systematic, and logical, and
historical methods, deduction, and induction to
study international migration’s nature and trends,
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particularly youth migration. The theoretical
generalization and abstraction allowed establishing
the social and economic consequences of youth
migration. Methods of theoretical generalization,
abstraction, formalization, and modeling are used to
model the youth migration regulation by decomposing
its components. The empirical basis for assessing the
migratory mood of youth was the results of a poll.

The data from international organizations (UN,
World Bank, Eurostat, IOM), non-governmental
organizations, and analytical agencies, including
materials from the Gallup Center for Migration
Studies (world survey), papers of national and
international scientists, the results of their surveys
became the source for information materials.

Results and analysis

In recent years, international migration is one of
the world’s major problems (Kerwin, 2020). Thus,
according to the World Economic Forum, migration
(in particular, forced migration) is mapped at Global
Risks 2020 (WorldEconomicForum. (2020, 15
January)) in inseparable unity with the problems
of social instability, unemployment, and the global
governance crisis. Worldwide, the number of people
crossing international borders accros the globe has
been increasing: from 176 million at the turn of the
twentieth and eleventh centuries to 272 million in
2019 (International Organization for Migration,
2020).

The modern migration main features significantly
differ from those in past centuries. First of all, there
was a change in the direction of the main flows.
People move from less developed economies to more
developed ones. Initially, the migration was mainly
directed towards less developed territories. Another
feature is that the current migration is inherent in
colonization or conquest. What distinguishes them
from the large population flows of previous epochs?
The next difference is that currently, there is no
synchronicity of technological development and
demographic processes that stimulate migration.
Previously, technologically advanced countries had
the fastest population growth. Today, technologically
slow regions experience rapid population growth.
Finally, current international immigration is a massive
intercultural movement. Early immigration tended to
redistribute the population within a single cultural
region (Puryhina, 2007).

The worldwide databases concerning origins
and destinations originally developed at Sussex
University and now widely expanded and maintained
by the United Nations Population Division and the
World Bank provided the basis for more accurate
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global international population flow measurement.

From accumulated multi-year data, it is known
that international migration is not equable in the
world but is formed under the influence of economic,
geographical, demographic, and other factors that lead
to different migration patterns, including migration
“corridors” created for many years. As a rule, the most
significant corridors run from developing countries to
countries with more developed economies, such as
the United States, France, the Russian Federation,
the United Arab Emirates, and Saudi Arabia. This
model will remain unchanged for many years
ahead, especially when coming decades in some
developing countries foresee population growth that
will create migratory pressure on future generations
(International Organization for Migration, 2020).

The main reasons for international migration
growth include asymmetry of the regions’ social
and economic development; population awareness;
intensification of international economic relations;
political, economic, and social crises; military
conflicts; and natural disasters. Local migration is
caused by the same reasons as international migration,
adding some driving factors, and sometimes
prevailing the family, educational, and management
factors by state, corporate, and family influence.
The number of people involved in local migration is
several times higher than in international migration,
so we can assume that the current annual total number
of migrants is about 1 billion people (Puryhina, &
Sardak, 2009).

The main factor that changes the place of
residence is an economic motive. According to
estimates, almost two-thirds of international migrants
are migrant workers, mainly youth. Labor migration
has contributed to significant population changes,
especially in the Gulf Cooperation Councils,
except for Oman and Saudi Arabia (International
Organization for Migration, 2020). Thus, the IOM
Report on Migration in 2020 states points that
the estimated number of migrants is 272 million
people; estimated share of migrants from the total
population is 3.5%; a region with the highest share
of international migrants is Oceania; the country
with the highest share of international migrants is the
United Arab Emirates; the number of stateless people
is 3.9 million individuals (International Organization
for Migration, 2020).

The international labor migrants are more
frequently attracted by a higher (sometimes
continuously) wage level in the employment country
compared to their home country. Also substantial is
the increased demand for certain specialties, which, in
turn, provides adequate earnings for the migrant. Other
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parts of migration flows include people looking for a
better life do not want to pursue a beggar’s existence
or are dissatisfied with inequality in society (such
are the majority), people who feel a specific danger
of natural disasters, deterioration of the ecological
environment and climate change, and those who
avoid various military and political conflicts, amongst
several internally displaced people is over 24 million
(United Nations, 2015).

Among the world regions, Europe among all
regions in the world holds the leading place as a
destination for migrants (82 million people), followed
by North America (59 million) and Western Asia (49
million). In 2019, almost a half of all immigrants
on the planet arrived in ten recipient countries: 51
million - in the United States (19% of their total) 13
million — in Germany and Saudi Arabia, 12 million
—in Russia, 10 million — in Great Britain, 9 million
— in the UAE, 8 million — in France, Canada, and
Australia, 6 million — in Italy (WorldBank, 2019a).
One-third of all international emigrants also come
from only ten countries. In 2019, emigrants left such
donor countries as India — 18 million, Mexico — 12
million, China — 11 million, the Russian Federation
— 10 million, Syria — 8 million (WorldBank, 2019a).

The migration flows indicators show that the
United States has been the top destination country for
international migrants since 1970. Since that time, the
number of aliens living in the country has grown more
than by four times — from less than 12 million people
in 1970 to almost 51 million people in 2019. Over the
same years in Germany, the second country in terms of
arrivals of migrants, there was also an increase: from
8.9 million people in 2000 to 13.1 million people in
2019 (WorldBank, 2011; WorldBank, 2019a).

However, if people could migrate to the
most desirable places, according to the Center
for Migration Studies “Gallup,” the most popular
destination countries would be North America,
Europe, and Australia, Singapore, New Zealand
(Gallup, n.d.). Obstacles are Prohibitive borders has
become obsticles. A typical illustration is the “pre-
ban” measures taken by Canada to deal with the
geopolitical “threat” posed by asylum seekers from
Mexico. The Mexican visa and safe countries and
origin formed a virtual border, which allows to filter
and prevent immigrants from Mexico effectively.
Similarly, the EU border control regime during the
European refugee crisis in 2015 became a mechanism
for rejection and vulnerability of migrants.

Regarding migration areas, it should be noted
that in contrast to the late nineteenth — early twentieth
century had the main migration flows directed from
Europe to North America and Eastern Siberia,

and secondary flows from North to South, in the
XXI century, the significant flows begin to reorient
changd orientation from South to North, from
East to West, as well as to new centers of gravity —
Canada, Australia and New Zealand (Puryhina, &
Sardak, 2009, Heinsohn, 2019). Besides an essential
migration manifestation of the world’s population
is the relocation of rural population to cities and
urbanization that of the current 50% of urban residents
will reach 60% in 2030, and the number of megacities
(with over 10 million inhabitants) will grow from
20 to 37 in 2025, (Future State 2030, 2014). Given
that people aged 15-24 now account for up to 40% of
the unemployed population and 90% of the world’s
young population living in developing countries, it
can be predicted that these trends will remain (Future
State 2030, 2014).

Therefore, in recent years, there have been
significant changes in the global migration regulation,
manifested mainly in the United Nations Network
setting on migration and the development of two global
agreements on refugees and migration. Although,
not legally binding, both global treaties embody an
almost universal consensus on issues that require
sustained international cooperation and commitment
(International Organization for Migration, 2020).

Menozzi and Mishra (2020) identified ten major
migration trends in 2020. Among them, an increase in
the number of international migrants to 281 million
people and the coronavirus pandemic COVID-19
has reduced the number of international migrants
and remittance flows. However, according to their
observations, forced resettlement across international
borders continues to grow, and most refugees in the
world are accommodated in low- and middle-income
countries. Almost two-thirds of all international
migrants live in high-income countries (mostly in
small numbers), and international migration often
remains within the central regions. Regarding
gender and age migration trends, they also note that
women make up 48% of all international migrants,
with international migrants usually working age. In
general, most countries’ policies aim at promoting
orderly, safe, legal and responsible migration. As one
we can see, in 2020, some migration trends persisted,
but there are significant changes compared to previous
years.

The COVID-19 pandemic caused significant
changes in migration flows (ILO, 2020). Thus, in
OECD countries, 2020 became a historical minimum
in international migrants, and cash flows of migrants
to low- and middle-income countries fell by 19.7%
to $ 445 billion (Stakanov, 2020). According to
World Bank forecasts, there will be a decrease in

369



Sardak S.E., Shymanska K.V., Girman A. P., Krupskyi O.P.

Journ. Geol. Geograph. Geoecology, 30(2), 365-378.

remittance flows of migrants in Europe and Central
Asia by 27.5%, sub-Saharan Africa by 23.1%, South
Asia by 22.1%, the Middle East and North Africa by
19.6%, Latin America and the Caribbean by 19.3%,
East Asia and the Pacific by 13% (World Bank, 2020).
Unprecedented reversal migration, e.g., in India,
repatriated over 1.3 million, in Egypt 1 million, in
the Philippines over 230 thousand, and in Cambodia
about 120 thousand migrant workers repatriated
(Stakanov, 2020).

We state that the trends identification issue in the
migration development in general, and especially the
study of youth migration flows in particular, is still a
permanent problem. The problem of studying youth
migration flows is due primarily to their scale and that
they carry a political burden on social and political
institutions. Therefore, that is not only a theoretical
and methodological, but also a political issue in all its
components.

In particular, there is youth problem identification.
So Thus, the UN provides the following people
classification by age: 0-14 years (children), 15-24
years (early working age), 25-54 years (primary
working age), 55-64 years (mature working age), 65
years and older (elderly) (Youth, n.d.) However, it
should be noted that Article 1 of the United Nations
Convention on the Rights of the Child refers to the
term “children” to persons under 18. At the same time,
in the EU, youth is considered people aged from 15 to
29 years. In Ukraine, according to current legislation,
youth include people aged 14 to 35 years, but in 2020
in Ukraine adopted a bill the law draft “On the basic
principles of youth policy,” which proposes to reduce

the age of youth under 29 years as in the EU. Thus,
national legislation will be harmonized with the EU
countries’ legislation.

In 2019, there was 1.2 billion youth aged from
15 to 24, which is 16% of the world’s population, and
by 2030, it is projected that their number increases
by 7% and reach almost 1.3 billion (Youth, n.d.).
Meanwhile, a significant part of youth is migrants.
Thus, the Table 1 shows the number of international
migrants aged 15 to 24 years to the total population
(both genders) in 1990-2019.

The table depicts the following global trends
in international youth migration development: the
weight and volume of international youth migration
are growing and remain significant in more developed
regions and high-income countries; the largest centers
of international youth migration are Oceania, North
America, and Europe.

The critical issue of changing the population
age structure becomes relevant. According to the US
CIA website, the population age structure affects the
country’s critical social and economic problems. The
age structure is also applicable for potential political
problems prediction. For instance, the rapid growth of
young adults who cannot find work may lead to unrest
(Central Intelligence Agency, 2020).

Youth strive to become a positive force for
development if they are provided with the knowledge
and opportunities necessary for their prosperity. In
particular, youth should receive the education and
skills needed to contribute to developing a productive
economy; and they need access to the labor
market, which could take them into the labor force.

Table 1. Number of international migrants aged from 15 to 24 years to the total population (both genders) in 1990-2019, %

Region 1990 2000 2010 2019
WORLD 4.5 4.3 4.6 5.1
Development groups according to the UN classification
More developed regions 13.4 16.1 18.7 21.3
Less developed regions 2.6 2.2 2.5 3.0
Income groups according to the World Bank classification
High-income countries 12.7 16.5 21.5 24.1
Middle-income countries 2.7 2.0 1.9 2.4
Low-income countries 5.8 3.8 32 3.0
Countries with uncertain income levels 26.9 40.0 37.1 36.6
Geographical regions
Africa 5.5 3.8 3.1 34
Asia 2.2 1.9 2.4 2.8
Europe 12.8 13.7 16.4 20.4
Latin America and the Caribbean 2.2 1.7 2.1 3.0
North America 18.9 25.7 24.9 24.1
Oceania 21.5 223 29.0 39.2

Source: elaborated by the authors according to International Organization for Migration (2020)
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Therefore, youth are increasingly demanding more
just, equal, and progressive opportunities in their
societies. Doring, Lundberg, Dalman, Hemmingsson,
Rasmussen, Wallin & Lager (2021) conclude that
«expanding the education system may be a natural
response to falling demand for low-skilled labor, but
not the one that addresses major societal challenges.
As long as education systems do not adequately
respond to such a challenge that only expectedly
leads to an increase in inequality.” The need to resolve
youth’s multifaceted problems (such as access to
education, health, employment, and gender equality)
is becoming more acute than ever.

The mature problem solution in the migration
policy (especially for youth) requires scientific
understanding. It should be noted that it is advisable
to distinguish this social group from the standpoint of
age and the standpoint that it is an exceptional social
and demographic group. It is class differentiated,
has specific social and psychological properties that
depend on social and political, cultural conditions,
and socialization peculiarities.

Demographic factors of population division into
groups outline the international migration effects:
changes in age, gender, and quantitative structure. The
most mobile group of the population is youth, which,
in turn, is the most significant potential group in terms
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of creating new families. Therefore, such population
stratification groups’ migration directly affects the
birth rate in the origin country and population age
structure.

Fig. 2 illustrates the age structure of migration
centers in the countries of individual particular regions
according to the developed UN database results on
age groups of migrants within each destination region.

The age distribution of migration flows to
individual regions allowed drawing the following
conclusions. A significant number of people aged
0-24 are immigrants in Africa and Latin America, and
the Caribbean, and Asia. We can make assumptions
that the prerequisites for such immigration centers
structure, first, are high birth rates in these countries
as a whole. Secondly, this situation leads to the second
assumption — a significant intraregional migration
level explains this migration-center structure. In this
regard, it is advisable to study such migration trends,
including the existing “attraction” and “ejection”
factors in the region. Third, military and political
instability, along with the number of military conflicts,
have increased amid ongoing ethnic conflicts in Africa
and crime problems in Latin America, and the state of
post-conflict migration of unaccompanied children.

The demographic prerequisites for youth
migration are pretty interesting in this regard. Bloom

15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75+

- Northern Africa and Western Asia

Central and Southern Asia

Eastern and South-Eastern Asia

Latin Amernca and the Caribbean

Oceania (excluding Australia and New Zealand)
Australia and New Zealand

Europe and Northern America

Fig. 2. Age distribution of migrants in destination countries in 2020, % of the number of migrants in the region (systematized and
elaborated according to the UN) (UNDP, 2015; International Organization for Migration, 2020)
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& Canning (2004, p. 20) sets such an example in the
study: “Ireland has historically had a high level of
young adults’ migration (about 1% of the population
per a year) due to the inability of its economy to
absorb the large influx of young workers created by
high birth rates.”

It should be noted that the most active in the
migratory sense is such a clearly defined group as
student youth, which has significance for all spheres of
life society specific social and psychological features.

However, for the origin country, the student
migration problem, in our opinion, lies in youth non-
return after the training course, which is now observed
in Ukraine. However, the negative impact is covered
by the positive effect of international youth migration,
which covers gaining new knowledge and experience
(improving knowledge of a foreign language,
increasing the chances of success in the professional
environment after returning to the origin country,
obtaining financial resources to a certain extent). It is
worth considering those cases where migrants remain
in permanent residence in the destination country.
Then, human capital as migrants of the origin country
affects the country’s social development, but this
improves the welfare of the world’s population.

Migration processes are heterogeneous with their
specifics and change over time, which necessitates
differentiation of different youth migration types.
Thus, for reasons we can distinguish educational
(educational ~ migration), intellectual  outflow
(migration of young highly skilled professionals
and graduates), and labor migration (due to the
disproportion of development regions: labor market,
living standards, etc.). Simultaneously, if educational
migration is sufficiently managed, then other types are
subject to management quite poorly. Furthermore, the
uncontrolled growth of migration flows, in turn, leads
to an increase in local hostility of migrants, to local
conflicts, an increase in migrant phobia, which initiates
ethnic nationalism in the most popular regions.

The burden on migrants will be felt significantly
in the labor market, which also occurs due to the
educational and professional structure of migrants
and the sectoral economic structure of the destination
country. Herein, several comments should be added:

1) structural unemployment in the country of
origin under conditions of low wages provokes the
human resources migration of different educational
and professional groups; however, the same situation
in the destination country determines potential niches
in the labor market for migrants employment;

2) educational and professional structure
mismatching the jobs obtained by migrants to their
jobs leads to “brainwashing” — human resources
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are used inefficiently in the destination country and
lose the quality features formed during training, and
therefore can not be used re-emigration effectively
while re-imigration of a person.

Therefore, we believe that in the long run, one
needs to harmonize migration and education policy.
That should give positive results, as the educational
programs adapt to the national economic conditions, its
sectoral and territorial structure help balance the labor’s
supply and demand, reduce structural unemployment.
Therefore, it is advisable to strengthen academic
and scientific mobility to increase the population
education level (primarily young professionals),
gaining international experience. The regulation also
requires education in the country by aliens due to the
expediency of activating and immigrating youth and
their integration into the educational space and the
labor market, which potentially means the country’s
labor and demographic resources.

In this respect, we believe that the regulation of the
benefits and threats of youth migration should be based
on the differentiation of such resources because they
have a different impact on the country’s demographic
and labor potential in different migrants’ categories.
Therefore, the regulation also requires provisions to
ensure equal access to economic benefits, promotion
of youth employment, and social programs adaptation
for different people categories.

It means that the primary purpose of migration
policy for youth is to balance the interests of citizens
of the destination country and migrants. The global
migration centers in countries resort to various coor-
dination strategies: preventing the low-skilled migra-
tion and restricting immigration in general, setting
quotas for the most qualified categories, mandatory
job invitations, etc.

Typically, global migration flows of skilled work-
ers are regulated at the employer initiative: before a
skilled migrant is allowed to enter the country, he/she
must receive an invitation.

The youth immigration policy that arose due to
the disproportionate regions’ development was most
effective in countries like Japan, China, and Germany.
Those countries’ regulation mechanisms can be divid-
ed into at least two types: socio-economic, and ad-
ministrative and legal. Socio-economic mechanisms
could include investment in transport, agglomeration
development, territorial wage coefficients applicable
at the regional level.

Thus, at the end of the XX century, Japan faced
mass migration to large cities, which affected, above
all, the population aged 18-30. The Japanese govern-
ment, concerned about this problem, has long taken
many measures to address it — significant investment
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has been made in the transport infrastructure develop-
ment, which has undoubtedly become an effective so-
cial and economic mechanism of regional migration
policy, as it increases mobility and living standards of
living. Considering the Japanese experience in solv-
ing the problem of reversal migration flows, it should
be noted the other effective mechanisms of soft
(“smart”) population consolidation — the construction
development as a way to solve the population housing
problem. In this case, we can talk about the policy of
regional “growth points” as a mechanism for creating
new jobs and attracting youth.

Germany, after unification, faced severe differ-
ences in the economic development of the regions
and as a result of the outflow from East Germany to
the West. One of the mechanisms for reducing one-
way youth migration flows was unique coefficients
that increase wages in East Germany, the construction
of new enterprises, and infrastructure development.
These measures reduced the young migrants’ flow
and later allowed it to be redirected.

Administrative and legal mechanisms for regulat-
ing migration flows can be divided into the registration
system and legal restrictions on the population flow;
migration sanctioning. Those mechanisms can be ap-
plied only at the state level. Thus, in the early 1950s,
the Chinese government faced large-scale migration
of rural population, mostly youth, in cities apropos
the agrarian reform and industrialization in cities. The
government has taken drastic measures to address
this problem. As a result, by the end of the 1950s, the
country developed the “hukou” rigid registration sys-
tem that hindered the mass influx of youth to cities.

Thus, the primary mechanism for managing mi-
gration flows, resulting from the proportions of social
and economic development of the country, in the case
of Japan, is an investment; in China, it is accounting
and control and administrative law enforcement; in the
case of Germany, it is territorial income regulation.

All these mechanisms’ application positively af-
fected the migration flows redirection in a strategi-
cally necessary direction for the country, yet the strict
prohibitive measures application to restrict the youth
movement freedom in modern democratic society is
impossible. Thus, we note the formation of power-
ful migration attraction centers of intellectual labor
resources in the UAE, Canada, USA, Australia, and
New Zealand, where youth are provided with priority
and tools to motivate immigration.

There is also the intellectual outflow regulation
policy, which in most cases affects youth. The nature
of such policies varies. In this sense, a successful ex-
ample of a partnership on regulated, skilled migration
(agreed policies between countries of origin and desti-

nation) in Australia and Germany with the Philippines,
Bosnia and Herzegovina, Tunisia (Hooper, 2018). As-
sessing the most successful experience in developing
policies to combat the “brain drain” of East Asian
countries, we can identify common mechanisms fea-
ture of these countries: social and economical, and
institutional. Social and economic mechanisms in-
clude: increasing funding for science and innovative
technologies and education reform; creating a critical
mass of repatriates through the construction of tech-
nology parks and free economic zones. In turn, the
institutional mechanisms may include the “circulation
of brains” policy, i.e., the international diaspora re-
serve. These mechanisms are applicable at different
levels (Puryhina, 2007).

Taiwan became the first country to implement
a mechanism to increase funding for science and
innovative technologies and reform education in
youth immigration policy. Unlike other states, which
usually invest in higher education, the Taiwanese
government since 1961, 80% of all funds has
allocated for education, directed to the support and
development of primary and secondary schools
and vocational programs. They further initiated the
country’s industrial boom, increasing the prestige
of the working profession, wage growth, which
minimized the incentive to migrate this population
category. Besides, as part of the higher education
reform, the Chinese government has allocated
significant funds to the country’s leading universities
to improve the education quality, which primary
purpose was to enter the ranking of the world’s best
universities, 20% of these funds have been spent on
attracting “new talent,” mostly from abroad.

The institutional mechanism for migration
return policy can be cited on Taiwan’s example with
the setting up the Hinschu science and technology
park whose purpose was to repeat Silicon Valley’s
experience in America, i.e., to concentrate the talent
and experience of scientists and professionals in a sin-
gle place. Since 1980 the allocation of funds for the
park’s construction has begun, creating the necessary
working and leisure conditions; by 2000, the park
employed 102 thousand people, with a turnover of 28
billion US dollars.

Another effective institutional mechanism for
curbing “brain drain” is the “brain circulation” policy.
Taiwan, China, and India have made significant
progress in such mechanism application. The National
Youth Commission (NYC) was established in Taiwan
in the early 1970s to conduct a series of programs to
recruit young Taiwanese scholars abroad. As a result,
by 1987, 20% of all senior executives in Taiwan’s
giant companies were repatriated.
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The modern approach to migration regulation
on the European continent is the Blue Card Scheme
(“blue card”), adopted by a directive of the European
Union Council in May 2009. That is an exceptional
opportunity to simplify the entry and residence of
qualified professionals from third countries in the
European Union and the unimpeded movement of
professionals across the EU. The Blue Card enables
the employees and their families to enjoy social rights
and benefits on an equal footing with local citizens,
primarily working conditions and standards. That is
the first attempt to regulate skilled migration at the
interstate, regional levels (Cerna, 2013).

Besides, in almost all EU countries, the
widespread introduction of legislation governing
employment and wages of migrant students, when
international students can work while studying 20
hours a week. In France, since 2006, students have
had the right to engage in employment, and their hours
can reach 60% of the country’s annual working time.

Analyzing the leading countries’ successful
experience in attracting migrant students, we identify
administrative and legal mechanisms: improving the
visa regime, facilitating naturalization procedures
in the country after graduation, the legislative act’s
introduction governing students’ employment and
curriculum internationalization.

To social and economic mechanisms can include
financial and non-financial ones. Their implemen-
tation at the regional level can be most effective.
Financial mechanisms: reducing the cost of education
for international students; introduction of subsidy
programs for talented students. Non-financial
mechanisms — the policy of aggressive marketing;
teaching courses in English. It is also necessary to
note the program-targeted mechanisms, targeted loan
programs for training.

Instead, the administrative and legal mechanism
— the visa regime improvement for international
students and facilitation of naturalization procedures
in the country after graduation can be implemented
only at the national level, when in this regard, almost
all world leaders engaged in attracting educational
migrants have modified the visa legislation for
international students.

It should be noted that the curriculum
internationalization mechanism becomes an integral
element of education. Knowledge acquired by
students in higher education institutions of one
country may be applicable in others. Therefore, all
leading world powers are interested in curriculum
internationalization.

Today, the EU implements anti-discrimination
programs and the EQUAL campaign, which
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aligns integration policy in various areas with
anti-discrimination policy and involves the ethnic
minorities in developing and implementing these
measures, the “Prohibition of discrimination and equal
opportunities for all” strategy. The most progressive
in the UK and the United States’ planned legislation,
where representatives of racial groups provide
preferences for employment, university admission,
and obtaining federal contracts.

It should also be borne in mind that modern
problems of youth migration require measures and
another direction. It is about protecting donor coun-
tries from destructive processes in the economy and
social sphere, reducing human development, from the
banal extinction of nations in the global sense. That
is why, as never before, the governments that suffer
from the outflow of young labor resources need the
latest scientific research and mechanisms and tools of
regulation of a new type.

Thus, in December 2020, Alla Girman conducted
a sample express study of youth mobility among
students of the University of Customs and Finance
in Dnipro (Ukraine). The students’ available set was
5119, and the sample — 135 people with a confidence
probability of 95% with a sampling error of 5%. As
a tool for the survey was developed a questionnaire
consisting of six blocks: migration history, the benefits
of choosing a place to study, academic mobility,
e-mobility, migration intentions after training, and
data about a student.

The data showed that the share of non-local
students was 58.4%, locals —41.6%. 72.3% of students
live inside the region, and 27.7% came from other
regions. The main reason for migration is obtaining
higher education. It should be mentioned that several
respondents noted other reasons for moving — the
lower standard of living in the places they used to
live. Thus, 27.5% of respondents noted the poor
development of entertainment infrastructure and
38.6% — the lack of social facilities. Such responses
were mainly received from respondents who moved
from rural areas and small towns.

Among the respondents, only 67.1% partially
agree that Dnipro city has a high living standard,
which influenced the choice of place for study. At
the same time, respondents do not agree with the
statement that in Dnipro city, it is easy to get a job
after studying (89.1%).

The answers to whether you want to get an
education in more than one university, i.e., some time
to study in another educational institution, are divided
into equal parts: want to study — 49.4%, do not want
to study — 50.6%.

Student test data show that the level of education
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is high, the share of students settled in the specialty
after graduation also corresponds to the average in the
region. However, youth migration intentions during
training (under the academic mobility program) and
after training were relatively high. The vast majority
of respondents are set to change the residence place
— 71.3%. Amongst, more than a half of them intend
to work abroad. However, the youth pointed to three
main reasons that prevent them from going abroad
to study. The first one is the high financial costs for
education and lack of funds (46.8%), the second is
poor knowledge of a foreign language (37.3%), the
third is the emotional and psychological complexity
of separation from family (10.1%), and only 5.8% —
other reasons.

Ukrainian students who speak English and want
to go abroad for education first chose the United States
and Great Britain (23.5%), followed by Germany
(17.8%), then roughly the same indicated Poland
(12.4%) and the Czechia (11,0%).

The reasons for choosing these countries vary
greatly. The students who want to study in the
United States choose this country mainly because
of the prestige of higher education, employment
opportunities, and greater competitiveness in the
labor market after studying in the United States.

The students choosing FEuropean countries
explain their choice for higher quality education,
higher living standards, similar conditions in the EU,
and a short distance from home. Students are focused
on a short-term stay of no more than a month of student
exchange or internship, master’s and graduate studies,
for a period of 2 to 5 years to further employment and
citizenship of that country.

The main reasons that prompted respondents to
indicate that after graduation, they leave the country:
low income in Dnipro city and Ukraine as a whole, lack
of opportunity to purchase housing, the uncertainty
of political and economic status situation. There is a

significant connection with the following features: «I
have experience of going abroad for educational and
professional purposes (internships, student exchange
programs, summer schools, conferences)» R = 0.768,
«I speak a foreign language well» R = 0.699, «I am a
prize-winner or participant of conferences, olympiads,
competitions, grants” R = 0.634. The obtained results
confirm the significance of the social and economic
factors for international migration.

The survey results touch on a serious problem,
which should become the basis for revising the
approach to building youth migration policy. As
youth’s awareness of new prospects and education
increases, the youth segment’s emigration activity
may increase even more, which will have negative
consequences for donor countries from the strategic
perspective.

Accordingly, the increase of human capital in the
region in the strategic perspective should consider the
youth segment’s migration component. That is made
possible by creating conditions for local youth to leave
and enter the regional labor market. However, this is
facilitated by the formation of conditions to attract
local and international flows of youth immigrants
to local educational institutions and their further
assimilation.

According to the authors, the main direction
of optimizing the international youth migration
flow should be a global coordination dialogue with
civil society participation. Along with international
organizations, governments should involve trade
unions, human rights groups, diasporas, and migrant
associations in addressing youth migration, as such
partnerships have every opportunity to address
migration issues.

The international youth migration regulation
is run by appropriate policies (they constitute a
mechanism for regulating international migration)

(Fig. 3).
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While migration policy is primarily aimed
at regulating and controlling border crossings,
other policies address specific issues of migrant
youth integration. Such policies should include: 1)
employment policy; 2) social policy; 3) educational
policy; 5) information policy; 5) security policy. Table
2 presents more details of the influence of the above
policies on the migration flows regulation.

volume of scientific achievements, and improving
communications. The negative consequences of youth
migration are the destruction and pollution of the
natural environment, exacerbation of available and
new transport, environmental and social problems,
the spread of disease, and rising crime. Nevertheless,
despite different aspects of the migration impact on
the social development of the world in general and

Table 2. Sectoral policies impact identification on the youth migration regulation

Policy The policy impact features on the youth migration regulation
Employment policy Employment policy should consider the potential migratory pressure of youth on the labor market and the
impact of labor market conditions for youth employment in the structure of «attraction-push» factors in the
migration motives formation.
Social policy The country’s social protection system and youth access are essential factors in the country’s migration at-

tractiveness. The social policy determines the opportunities of migrant youth and the availability of social
benefits in various forms of social protection.

Educational policy

The quality of the higher education system and the level of its accessibility for young migrants determine
1) the quality of human resources entering the country’s labor market; 2) the competitiveness of migrants
in the labor market, and the opportunity of obtaining sufficient remuneration for work; 3) the ability to
integrate into the social, cultural, and intellectual life.

Informational policy

Information policy is to create, maintain, and improve the migration flows formation and regulation to
eliminate institutional, security, social, economic, environmental, and ethnic risks of intensification of mi-
gration processes.

Security policy

It consists of preventing humanitarian problems in areas of armed conflict and post-conflict areas, monitor-
ing youth at risk and needing protection, promoting the migrant youth integration in the host society and
ensuring their protection as citizens of their origin country, creating an institutional environment and social

and economic conditions return of juvenile refugees and asylum seekers.

We believe that in this context, it is worthy to
one should pay attention to the employment policy,
educational and social policies implementation for
migrant youth in this context. For instance, less
developed countries should improve youth education
and training, which can potentially become migrants
and enter regional and international labor markets.
Youth need to develop a system of professional skills
and competencies that meet the modern labor market
requirements. More developed countries, which are
predominantly destination countries, should identify
ways to improve their integration, mainly through
education and retraining, as educating youth in an
authentic host environment facilitates their integration
into such a society and coordinates professional
competencies and qualifications migrant labor force.

Conclusions

The study of trends in international youth
migration allows concluding about the relevance
of this process and the growth of its impact on
social development. For the world as a whole,
the positive consequence of the youth migration
development is the possible expansion of realizing
human potential, enriching public life, increasing the
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countries in particular, the global demographic process
demonstrates an increase in international and local
youth migration by the middle of the XXI century
that unfolds and at the current pace increasingly affect
social development. The further research prospect is
to develop coordination and regulatory measures to
balance youth migration processes for countries,
regional associations, and international organizations
in continuing quarantine restrictions related to the
COVID-19 pandemic.

References

Bastianon, C. D., 2018. Youth Migration Aspirations in
Georgia and Moldova. Migration Letters, 16(1),
105-121. doi:10.33182/ml.v16i1.596.

Becker, G. S., 1962. Investment in Human Capital: A The-
oretical Analysis. Journal of Political Economy,
70(5, Part 2), 9—49. doi:10.1086/258724.

Belmonte, M., Conte, A., Ghio, D., Kalantaryan, S., & Mc-
Mabhon, S., 2020. Youth and migration: an over-
view. EUR 30435 EN, Publications Office of the
European Union, Luxembourg. Retrieved January
20, 2021, from: https://publications.jrc.ec.europa.



Sardak S.E., Shymanska K.V., Girman A. P., Krupskyi O.P.

Journ. Geol. Geograph. Geoecology, 30(2), 365-378.

eu/repository/bitstream/JRC122402/youth_and
migration_final online.pdf.

Bil, M., 2017. Retrospective review of space mobility of
the population. Demography and Social Econo-
my, 1(29), 66-78. doi:10.15407/dse2017.01.066.

Bloom, D., & Canning, D., 2004. Global Demographic
Change: Dimensions and Economic Significance.
1-45. doi:10.3386/w10817.

Central Intelligence Agency, 2020. The World Factbook.
Age structure. Retrieved January 10, 2021, from:
https://www.cia.gov/the-world-factbook/field/
age-structure/.

Cerna, L., 2013. Understanding the diversity of EU migra-
tion policy in practice: the implementation of the
Blue Card initiative. Policy Studies, 34(2), 180—
200. doi:10.1080/01442872.2013.767587.

Despagne, C., & Cristina Manzano-Munguia, M., 2019.
WITHDRAWN: Youth Return Migration (US-
Mexico): Students’ Citizenship in Mexican
schools. Children and Youth Services Review,
104574. doi:10.1016/j.childyouth.2019.104574.

Doring, N., Lundberg, M., Dalman, C., Hemmingsson,
T., Rasmussen, F., Wallin, A. S., ... & Lager, A.,
2021. Labour market position of young people
and premature mortality in adult life: A 26-year
follow-up of 569 528 Swedish 18-year-olds. The
Lancet Regional Health-Europe, 3, 100048. doi:
10.1016/j.lanepe.2021.100048.

Future State 2030, 2014, February. The global megatrends
shaping governments. Retrieved December 19,
2020, from: https://assets.kpmg.com/content/
dam/kpmg/pdf/2014/02/future-state-2030-v3.pdf.

Gallup, n.d. Potential Net Migration Index”, Retrieved
from, (accessed on 08 January 2020) https://news.
gallup.com/migration/interactive.aspx.

Heinsohn, G., 2019. S6hne und Weltmacht: Terror im Auf-
stieg und Fall der Nationen. Orell Fiissli Verlag.

Helliwell, J.F., 2004. December. Demographic changes and
international factor mobility. National Bureau of
Economic Research. Massachusetts, Cambridge.
w10945. Retrieved December 10, 2020, from:
https://www.nber.org/system/files/working_pa-
pers/w10945/w10945.pdf.

Hooper, K., 2018. Reimagining Skilled Migration Partner-
ships to Support Development. Towards a Global
Compact for Migration: A Development Perspec-
tive. Migration Policy Institute. Issue 5. Retrieved
from, (accessed on 08 March 2020) https:/
www.migrationpolicy.org/research/reimagining-
skilled-migration-partnerships-development.

1LO, 2020. ILO Monitor: COVID-19 and the world of work.
Fifth edition Updated estimates and analysis. Re-
trieved October 15, 2020, from: https://www.
ilo.org/wemsp5/groups/public/@dgreports/@
dcomm/documents/briefingnote/wems_749399.

pdf.
International ~ Organization for  Migration, 2020.
World Migration Report 2020. Geneva:

10M,20209789290687894. Retrieved January 20,

2021, from: https://publications.iom.int/system/
files/pdf/wmr_2020.pdf.

International Organization for Migration, 2019. Youth and

migration: Engaging youth as key partners in mi-

gration governance. Retrieved February 11, 2021,

from: https://www.iom.int/idm-2019-youth-and-

migration-engaging-youth-key-partners-migra-
tion-governance.

D., 2020. International Migration and Work:

Charting an Ethical Approach to the Future.

Journal on Migration and Human Security, 8(2),

111-133. do0i:10.1177/2331502420913228.

Kobzar, S., Hellgren, T., Hoorens, S., Khodyakov, D., &
Yaqub, O., 2015. Evolving patterns and impacts
of migration. Global Societal Trends to, 2030. Re-
trieved from http://www.rand.org/content/dam/
rand/pubs/research_reports/RR900/RR920z4/
RAND_ RR920z4.pdf.

Kovacheva, S., & Hristozova, D., 2019. Youth migration
and life course transitions: Comparing the impact
of women’s mobility across generations in Bul-
garia. Sociologija, 61(2), 210-226. doi:10.2298/
s0c1902210k.

Lu, S., 2020. Family migration and youth psychosocial
development: An ecological perspective. Chil-
dren and Youth Services Review, 113, 104953.
doi:10.1016/j.childyouth.2020.104953.

Malynovs’ka, O. A., 2018. Mihratsijna polityka: hlobal’nyj
kontekst ta ukrains’ki realii [Migration Poli-
cy: Global Context and Ukrainian Realities].
NISD. Kyiv, Ukraine. Retrieved December 20,
2020, from: https://niss.gov.ua/sites/default/
files/2018-07/Migration_Politic Print-fin-3178a.
pdf. (In Ukrainian).

Manning, P., 2017. The Beginnings of a World History
of Modern Migration: The Lucassens’s Volume
on Globalising Migration History. Internation-
al Review of Social History, 62(3), 481-494.
do0i:10.1017/s0020859017000414.

Menozzi, C. & Mishra, V., 2020. International Migration
2020 Highlights [EN/RU/ZH]. Retrieved from
https://reliefweb.int/report/world/international-
migration-2020-highlights-enruzh.

Osaulenko, O., Yatsenko, O., Reznikova, N., Rusak, D.,
& Nitsenko, V., 2020. The Productive Capacity
of Countries Through the Prism of Sustainable
Development Goals: Challenges to International
Economic Security and to Competitiveness. Fi-
nancial and credit activity: problems of theory
and practice, 2(33), 492-499. doi:10.18371/
fcaptp.v2i33.207214.

Pitiulych M., Hoblyk V., Sherban T., Tovkanets G.,
Kravchenko T., & Sandeep K.G., 2020. A socio-
logical monitoring of youth migration movement.
Journal of Critical Reviews, 7(11), 700-704.
doi:10.31838/jcr.07.11.125.

Puryhina, O., & Sardak, S., 2009. Mizhnarodna mihratsiia
[International migration]. Retrieved February 11,
2021, from: http://repoitory.dnu.dp.ua:1100/uplo

377

Kerwin,


https://news.gallup.com/migration/interactive.aspx
https://news.gallup.com/migration/interactive.aspx
https://reliefweb.int/report/world/international-migration-2020-highlights-enruzh
https://reliefweb.int/report/world/international-migration-2020-highlights-enruzh

Sardak S.E., Shymanska K.V., Girman A. P., Krupskyi O.P.

Journ. Geol. Geograph. Geoecology, 30(2), 365-378.

ad/64191252182df5645fd0e771ald1b578Posibn
ik-Mizhnarodna-migraciya-Purigina-Sardak.pdf.
(In Ukrainian).

Ratha, D., De, S., Kim, E. J., Plaza, S., Seshan, G., & Yam-
eogo, N. D., 2020. Migration and development
brief 32: COVID-19 crisis through a migration
lens. KNOMAD-World Bank, Washington, DC.

Sardak, S., 2011. Prospects for socioeconomic develop-
ment of human resources under conditions of
globalization. Actual Problems of Economics,
9(123), 217-225. DOI: https://doi.org/10.5281/
zenodo.3957808.

Sardak, S., Korneyev, M., Dzhyndzhoian, V., Fedotova, T.,
& Tryfonova, O., 2018. Current trends in global
demographic processes. Problems and Perspec-
tives in Management, 16(1), 48-57. DOI: http://
dx.doi.org/10.21511/ppm.16(1).2018.05.

Scherbakova, E., 2017. Naselenye rabocheho vozrasta:
myrovye tendentsyy yzmenenyia. [The share of
the world’s population of working age will de-
cline in the coming decades]. Retrieved Febru-
ary 11, 2021, from: http://demoscope.ru/week-
1y/2017/0729/barom01.php. (In Russian).

Shymanska, K., Kurylo, M., Karmaza, O., & Timchenko,
G., 2017. Determinants of migration motives as
a precondition for the migration flows formation.
Problems and Perspectives in Management, 15(3),
352-364. doi:10.21511/ppm.15(3-2).2017.05.

Stakanov, R., 2020. Vplyv pandemii COVID-19 na mizhn-
arodnu trudovu mihratsiiu [The impact of the
KOVID-19 pandemic on international labor mi-
gration]. Retrieved February 01, 2021, from:
http://journals.iir.kiev.ua/index.php/ec_n/article/
view/4071.

The International Labour Organization, 2020, 09 March.
Youth exclusion from jobs and training on the
rise. Retrieved February 11, 2021, from: https://
www.ilo.org/moscow/news/WCMS 737053/
lang--en/index.htm.

The United Population Division, 2020. International mi-
grant stock 2019. Retrieved January 10, 2021,
from: https://www.un.org/en/development/desa/
population/migration/data/estimates2/data/UN
MigrantStockTotal 2019.xlsx.

Tyers, R., & Bain, 1., 2015. The global economic implica-
tions of freer skilled migration. College of Busi-
ness and Economics Australian National Univer-
sity, 4, 1-46.

UNDP, 2016, 12 January. Trends in Total Migrant Stock:
2015 Revision. Department of Economic and So-
cial Affairs. Retrieved January 10, 2021, from:

378

http://www.un.org/en/development/desa/popu-
lation/migration/data/estimates2/data/UN_Mi-
grantStockByAge 2015 .xIsx.

United Nations, 2015. Youth Stats: Globalization and Mi-
gration. Retrieved December 19, 2020, from:
https://www.un.org/youthenvoy/wp-content/up-
loads/2015/06/YouthStatsGlobalizationandMi-
grationpdf2.pdf.

United Nations, 2016, 4 August. Report of the Secretary
General on International migration and develop-
ment (A/71/296). Retrieved December 19, 2020,
from: http://www.un.org/en/development/desa/
population/migration/generalassembly/docs/
A 71 296 E.pdf.

United Nations Department of Economic and Social Af-
fairs, Population Division, 2020. International
Migrant Stock 2020. Retrieved January 10, 2021,
from: https://www.un.org/development/desa/pd/
sites/www.un.org.development.desa.pd/files/un-
desa_pd 2020 ims_stock by sex destination
and_origin.xIsx.

World Bank, 2011. Global Bilateral Migration. Retrieved
January 15, 2021, from: https://databank.world-
bank.org/source/global-bilateral-migration/pre-
view/on.

World Bank, 2019a. International migrant stock (% of
population). Retrieved January 15, 2021, from:
https://data.worldbank.org/indicator/SP.POP.
TOTL Accessed 27 April 2020.

World Bank, 2019b. Population, total. Retrieved January
15, 2021, from: https://data.worldbank.org/indi-
cator/SP.POP.TOTL.

World Bank, 2020, 22 April, 2020. World Bank Pre-
dicts Sharpest Decline of Remittances in Re-
cent History. Retrieved January 15, 2021, from:
https://www.worldbank.org/en/news/press-re-
lease/2020/04/22/world-bank-predicts-sharpest-
decline-of-remittances-in-recent-history.

World Economic Forum, 2020, 10 January. Global mi-
gration, by the numbers: who migrates, where
they go and why. Retrieved February 11, 2021,
from: https://www.weforum.org/agenda/2020/01/
iom-global-migration-report-international-mi-
grants-2020/.

World Economic Forum, 2020, 15 January. The Global
Risks Report 2020. Retrieved January 10, 2021,
from: http://www3.weforum.org/docs/WEF _
Global Risk Report 2020.pdf.

Youth, n.d. Retrieved Nobember 20, 2020, from: https://
www.un.org/en/sections/issues-depth/youth-0/
index.html.


http://demoscope.ru/weekly/2017/0729/barom01.php
http://demoscope.ru/weekly/2017/0729/barom01.php

ISSN 2617-2909 (print) |
Journal of Geology, ISSN 2617-2119 (online)

Geography and
Journ.Geol.Geograph.

Geoecod ogy Geology,
30(2), 379-388.

Journal home page: geology-dnu.dp.ua doi: 10.15421/112134

Imrani Z.T., Veliyeva G. V. Journ. Geol. Geograph. Geoecology, 30(2), 379-388.

Methodological basis of zoning of tourism-recreation reserves and tourism potential of Gusar
region of the Republic of Azerbaijan

Imrani Zaur Tahir!, Veliyeva Gunel Vahid?
!Institute of Geography named after acad. H.A. Aliyev of National Academy of Sciences of Azerbaijan. Baku, Azerbaijan,

zaur_imrani@mail.ru
’Baku State University, Baku, Azerbaydjan

Received: 10.01.2021 Abstract. In modern times, the potential opportunities of the regions are studied using
Received in revised form: 20.01.2021 different methodological approaches to achieve sustainable socio-economic development,
Accepted: 11.04.2021 and zoning is carried out in different directions to stimulate their future activities. The

zoning is based on the demand for available resources and takes into account the level of
socio-economic development of the region. At present, the study of tourism in the Republic of Azerbaijan by regions is encouraging
attention due to its relevance. However, research work on the identification of tourism zones in the country and the zoning of these
areas is weak. From this point of view, the article studies the tourism potential of Gusar region and provides a scheme for its tourism-
recreation zoning which meets present-day requirements and attracts attention due to its relevance. The article analyses the development
strategy of tourism, which is a new and promising field in the Republic of Azerbaijan, identifies the main directions of this strategy,
and explores ways to solve existing problems. For this purpose, first, the criteria for zoning of tourism and recreation resources were
determined; then natural and anthropogenic tourism resources were assessed through the example of Gusar region; information on
natural and historical-architectural monuments of interest to tourists was provided; the number of hotels operating in the region over
the past five years, the number of rooms, full hotel capacity and overnight stays, as well as the income, expenses, and the difference
between them were made on the basis of statistical and comparative analysis. Based on the information obtained, for the first time, a
“Zoning Map of Tourism and Recreation Resources of Gusar Region” was compiled; the strengths and weaknesses of the tourism sector
were identified, and future threats and opportunities for the development of this sector were analysed by means of the SWOT analysis.
According to the analysis, the strengths of the region included the favourable economic and geographical position, the availability of
unique natural and historical-architectural monuments, the availability of natural and ecological conditions to provide recreation for
tourists, and opportunities for ecological, rural, religious, trekking, and other tourism types, etc. Weaknesses included the concentration
of hotels mainly in the region’s centre, insufficient promotion of tourist attractions, poor level of service and vocational training, lack
of guides, etc. The opportunities were high tourism potential, organisation and development of local tourist routes, an abundance of
labour resources, etc., while the threats included the aggravation of the geopolitical situation in the border areas, the intensification of
natural disasters, etc.
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MeTon0JI0TiYHi  OCHOBM PAaHOHYBAHHSI TYPHCTH4YHO-PeKpealiiiHUX 3amoBiIHMKIB Ta
TYPHCTHYHOTrO notenuiaay I'ycapcbkoro periony PecnyOmiku Asepoaiiakan
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AHoTanisi. Y Haml 9ac NMOTCHIiIfHI MOXIMBOCTI PETiOHIB BHUBYAIOTHCS 3 BUKOPUCTAHHSAM PI3HHX METOAOJOTIYHHUX MiIXOMIB IS
JOCATHEHHS CTIHKOTO COIIaJIbHO-€KOHOMIYHOTO PO3BHUTKY, @ 30HYBaHHS 3/11HCHIOETHCS B PI3HUX HANPSAMKaX U1 CTUMYIIOBAHHS IXHBOT
HOJIAJIBIIOT TiSUTBHOCTI. 30HYBaHHsI 6a3y€eThCsl HA TIONUTI HAa HAasIBHI PECYPCH Ta BPaXOBYE PiBEHb COLIaIbHO-EKOHOMIYHOTO PO3BUTKY
periony. B nanwuii yac BUBYCHHS Typu3My B AzepOaiimkanchkiii Pecriy0uini 3a perioHaMu € ayske aktyanbHuM. OHAK JTOCIIHUIBKA
po6oTa 3 BU3HAUCHHS TyPHCTHIHUX 30H y KpaiHi Ta pallOHyBaHHS IUX PaiflOHIB € HEAOCTATHBOIO. 3 Ii€l TOYKH 30pYy Y CTATTi BUCBITICHO
pe3ysibTaTi BUBYCHHS TYpPUCTHYHOIO MOTEHIialy periony 'ycap Ta 3abe3nedeHo Horo TypuCTHYHO-peKpealiiiHe pailoHyBaHHS, sSKe

379


mailto:zaur_imrani@mail.ru
mailto:zaur_imrani@mail.ru
http://geology-dnu-dp.ua

Imrani Z.T., Veliyeva G. V. Journ. Geol. Geograph. Geoecology, 30(2), 378-388.

BIITIOBITa€ Cy4acHUM BHMOTAM Ta IPUBEPTAE YBATy CBOEIO aKTyaJIbHICTIO. Y CTaTTi IPOaHaIi30BaHO CTPATETII0 PO3BUTKY TypH3MY, SIKa
€ HOBOIO Ta MMEPCHEKTUBHOIO ceporo B A3epOaiimkanchKiil PeciryOmili, BU3HAYEHO OCHOBHI HAIPSMKH L€l cTpaTerii Ta J0CIiIKeHO
OUISIXM BHUPIMICHHS iCHYrounMxX mpoOmem. Jlis mporo cmodaTky Oynu BHU3HA4YeHI KpUTepili 30HYBaHHSA TYPUCTUYHO-PEKpealiiHuX
pecypciB; T/l MPUPOAHI Ta AHTPONIOTeHHI TYPUCTHYHI PECYPCH OLIHIOBAINCH Ha MpUKiIaai periony ['ycap; Oyia HagaHa iHpopmaris
PO MPHUPOJIHI Ta ICTOPUKO-APXITECKTYPHIi TaM’SITKH, IO IKABJIATh TYPUCTIB; KUIbKICTh FOTEIIB, 10 MPAIOBAIN B PETiOHI 3a OCTaHHI
II’STh POKIB, KUIBKICTH HOMEPIB, TOBHY MICTKICTh TOTEJIIB Ta HOWIBII, @ TAKOX JOXOAM, BUTPATH Ta PI3HUIL MK HUMH OyiH 3po0IeHi
Ha OCHOBI CTaTHCTHYHOTO Ta MOPIBHAIBHOTO aHamizy. Ha ocHoBi orpumanoi indopmanii Brnepe Oyino ckiaageno Kapry 30HyBaHHS
TYPHCTHYHHX Ta peKpealiiHux pecypciB I'ycapchbkoro kparo; Oysno BU3HAYEHO CHIbHI Ta CIa0Ki CTOPOHH TYPHCTHYHOTO CEKTODY,
a Takox 3a gomomororo SWOT-ananisy nmpoaHaiizoBaHO MaiOyTHI 3arpo3u Ta MOMJIMBOCTI JUIS PO3BUTKY IIBOTO CEKTOpPY. 3TiAHO 3
AHaJI130M, CUIIbHI CTOPOHH PEriOHY BKJIIOYAIIU CIIPUSITIIMBE EKOHOMIUHE Ta reorpadidHe MojJoKeHHs, HasBHICTh YHIKATbHUX IPHPOTHUX
Ta ICTOPUKO-apXiTEKTYPHHUX I1aM’SITOK, HasBHICTh HPHPOIHHUX Ta EKOJOTIYHMX YMOB JUIsi 3a0e3MeueHHs BiIIIOYMHKY TYpPHCTIB
Ta MOMJIMBOCTI JJISI €KOJIOTTYHUX, CIIBCBKHX, PENIriHHUX, TPEKIHI Ta IHIIMX BHAIB Typu3My Tomo. Jlo cIabKuxX CTOpiH HalleKaTh
KOHIICHTpAIlisl TOTEJIiB MEPEBaKHO B IIEHTPI PEriOHY, HEMOCTATHs MiATPUMKA TYPUCTHYHUX BHU3HAYHUX I1aM’SITOK, HU3bKHU PiBEHb
CEpPBICHOTO Ta MPOQeCciiHOrO HaBYaHHS, BIACYTHICTH Ti/iB TOIIO, PO3BUTOK MICIIEBHX TYPHCTHYHHX MAapIIpPyTiB, BEINKa KUIBKICTh
TPYIOBHX PECYpPCIiB TOLIO, TOMI K 3arpO3M BKJIIOYAJIN 3arOCTPEHHS I'€ONOIITHYHOI CUTyalii B NPUKOPIOHHUX PaHOHAaX, MOCHICHHS

CTUXIMHUX JINX TOLIO.

Kniouosi cnosa: mypucmuuno-pexpeayiiini pecypcu, npupooHi nam amKu, icmopuko-apximexkmypHi nam imxu, 30Hy8aHHs, 20meib

Introduction

Tourism has been one of the fastest-growing
spheres of the non-oil sector in Azerbaijan in recent
years. Thus, benefitting from great opportunities,
tourism provides regional development based on the
efficient use of local resources, provides a basis for
the improvement of infrastructure, as well as serves
as an additional source of income for the population.
In a broader sense, tourism is a means that affects
the formation of the state budget, the improvement
of villages and cities, the preservation of historical
and architectural monuments, and the development of
small and medium enterprises (Imrani, 2018). From
this point of view, the identification of ways to develop
tourism in the Republic of Azerbaijan, the study of
problems in this area, as well as the zoning of tourism
and recreation resources on a scientific basis are of
great scientific, theoretical, and practical importance.

In order to develop tourism, which is a new
and promising field in the Republic of Azerbaijan,
the “Law on Tourism” in 1999, the “State Program
for the Development of Tourism in the Republic
of Azerbaijan” in 2002-2005 and 2010-2014, the
“State Program on the Development of Resorts
in the Republic of Azerbaijan” in 2009-2018, the
announcement of 2011 as the “Year of Tourism”,
the “Strategic Roadmap for the Development of
the Specialised Tourism Industry in the Republic of
Azerbaijan” in 2016, and other decisions were of
great importance. However, despite the work done, it
was not possible to fully and comprehensively solve
the existing problems in the tourism sector.

In accordance with the changing dynamics of the
tourism sector, five main directions in the development
of tourism strategy in Azerbaijan have been identified
as global trends: 1. development and promotion of
the tourism brand; 2. application of a simplified visa

380

regime; 3. attracting large-scale investment projects;
4. creating an attractive environment for investors; and
5. strengthening international cooperation (Strategic
Roadmap..., 2016).

In recent years, the share of tourism in the
economy of the Republic of Azerbaijan has increased
significantly. If we analyse 2010-2018, it could be
seen that the share of tourism in GDP increased from
1.0% to 2.2%. The reason for the increase was the
announcement of 2011 as the “Year of Tourism” and
the allocation of USD 828 million to the tourism
industry that year (National Accounts..., 2019). As
a result, the tourism sector began to develop rapidly,
new hotels were built in a short time, and the number
of tourists visiting the country increased 2.5 times.

Generalisation of existing problems and goals

One of the most important tasks facing each
country is to increase employment and reduce
unemployment by identifying ways to effectively
use labour resources in solving existing socio-
economic problems. From this point of view, with the
development of the tourism sector in Gusar region, it
is possible to create new jobs, thereby eliminating the
employment problem, at least in part. For this, first, it
is necessary to study the attractive tourism-recreation
potential of the region and to determine zoning criteria
by conducting its economic-geographical assessment.

Tourism and recreation resources are natural,
historical, cultural, and socio-economic resources
that are or can be used to meet the recreational needs
of society (Alexandrova, 2002). Natural-recreational
resources include resources used in the process of
restoration and development of human physical and
mental strength, ability to work, and health. Almost
all natural resources have recreational and tourism
potential but the degree of their use is different. It
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depends on the demand for recreational resources and
the level of specialisation in the region.

Tourist and recreation zoning - industry-specific
zoning (Fedotov, 2013). Given its specialisation in
specific socio-economic activities, tourist-recreation
zoning refers to industry-specific zoning. It should
be considered as a tool for studying the territorial
organisation of tourism and as a reflection of a
certain stage in the territorial development of tourism
(Recreational systems, 1986). From the point of view
of the scale of the space, the goal and the definition
of criteria, the process of touristic division of the
territory largely depends on the number, volume,
configuration, name, specialisation, and boundaries
of the allocated tourist areas (Kristev, 2019).

Natural-recreational resources are divided into
3 categories: physical, biological, and complex.
Here, physical natural-recreational resources
include geological, geomorphological, climatic,
and hydrological resources; biological natural-
recreational resources include soil, vegetation, and
wildlife; and complex natural-recreational resources
include landscapes. These components form the
basis of the formation of tourism and recreation
systems and manifest themselves in a reciprocal
form. For example, therapeutic mud belongs to
both the geological and geomorphological groups,
while mineral water belongs to both the geological
and hydrological groups (Kruzhalin et al., 2014).
Physical and biological natural-recreational resources
are organically combined and inseparably integrated
resources related to the flow of substances and energy.

In general, each type of natural-recreational
resource is distinguished only based on their specific
characteristics. They can be grouped according to
their health characteristics, usability, evolutionary
forms, and environmental criteria.

Summarising the above-mentioned components,
it could be stated that tourism and recreation resources
are a set of conditions that help to meet the needs of
the population for tourism. Thus, in order to develop
the tourism sector, first of all, the economic and
geographical situation of the region is determined. The
analysis takes into account the geographical location
of the area, tourism and recreation services, the level
of socio-economic development, the availability of
infrastructure, hospitality, and other factors. The
following are related to the comprehensive definition
of tourism and recreation potential:

Natural potential includes natural monuments,
their attractiveness, rate of use, protection, natural
and artificial restoration, etc.

Historical-cultural potential includes a number

of cultural-heritage tourism objects, their importance
(international or local), degree of use, semantic value,
etc.

The socio-economic potential is measured by
the number of tourists visiting the area or facility but
certain criteria are applied to the number of visitors.
Thus, when the number of visitors to the region is
too high, it can lead to the creation of ecologically
tense zones. Socio-economic potential includes the
current state of infrastructure, investments, tourism
information centres, staff assistance, etc.

Taking into account the potential of tourism and
recreation resources in zoning is one of the most
important issues.

As it is known, physical-geographical zoning
1s based on the laws of nature, while economic-
geographical zoning is carried out based on the laws
of society, taking into account the rational use of
nature (Hasanov, 2012). In the case of tourism and
recreation zoning, the main focus is on identifying
more attractive areas for tourists. This is determined
by similar features of the area or by a combination
of these features. Many scientists prefer natural
and economic factors when zoning tourism. These
indicators allow accurate reflection of the image of
each region and revelation of its features. In addition,
when conducting tourism-recreation zoning, it is
necessary to take into account the potential tourism-
recreation zones of the region, natural conditions,
historical and cultural features, residential areas and
density of the population, and features of hotels and
recreation centres.

After determining the criteria for zoning, a digital
map of the area is prepared, roads and road facilities
are included in the GIS system, statistical materials
on the number of settlements and population,
demographic indicators are collected, systematised,
and analysed.

The principle of classification and distribution of
natural resources, the nature of climate comfort as a
tourist resource, exoticism of landscapes, hydrology,
natural monuments, the material and technical base
of tourism, criteria for assessing financial, labour, and
socio-economic resources should be analysed while
conducting the tourism-recreation zoning in Gusar
region.

Critical review of work

The territory of Gusar region, located in the
northeast of the Republic of Azerbaijan, is 1.50
thousand km?, the population is 97.2 thousand people,
and the population density is 65 people per km?.
21.1% of the population is settled in urban and 78.9%
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- in rural settlements. The distance between Gusar
region and the capital Baku is 180 km (Regions of...,
2019). There are 88 rural settlements , 1 city (Gusar)
and 1 settlement (Samur), in Gusar region. The
length of the borders of Gusar region is 255 km and it
borders Dagestan (95 km) of the Russian Federation
in the north-west, Khachmaz region (65 km) in the
north-east, Guba region (70 km) in the south-east, and
Gabala region (25 km) in the south-west.

The climatic conditions of Gusar region provide
wide opportunities for the development of the tourism
sector here. Thus, before the trip, a tourist is primarily
interested in the climate of the area, which, depend-
ing on the type of recreation he/she chooses, affects
the efficient organisation of leisure time. (Imrani and
Jafarova, 2020).

Due to the fact that the territory of Gusar region
consists mainly of mountains, the vertical zonation of
the climate is typical here. There are three climate types
in the region. These include a moderately hot climate
with evenly distributed precipitations, a moderately
hot climate with dry summers, and a cold climate with
dry winters. Due to the existence of a vertical zone in
this area, the average temperature is -5+2°C in Janu-
ary, and -17-22°C in summer. The average tempera-
ture in January is 1°C in the plains, -14°C in the high
mountains, and 24°C and 2°C in July, respectively.
Annual precipitation is 350-1500 mm. Precipitation
falls mainly in the cold period of the year (Hajiyev and
Rahimov, 1977). Exposure to the rains in the summer
months, mainly in the second half of the day and in the
evenings, does not cause any discomfort.

Low humidity in the summer months in Gusar
region, the advantage of dry weather conditions,
and abundance of oxygen are favourable for the
organisation of climate resorts. Analysis of long-term
meteorological forecasts shows that the recurrence
of comfort levels in the summer months is 64% in
the village of Urva, 60% in Khuray and Anig, 55% in
Hazra and Ukur, and 62% in the foothills of Shahdag.

One of the important factors influencing the
territorial organisation of tourism infrastructure in
Gusar region is the relief. The south-western part of
Gusar region is a mountainous area (north-eastern
slope of the Main Caucasus Range, Yan Range), the
central part is a sloping plain (Gusar sloping plain),
and the north-eastern edge is the Samur-Davachi
lowland. The south-western border of the region
passes through the watershed of the Main Caucasus
Range. The height of the area is 100 m in the lowland
part and 4,466 m on Bazarduzu Mountain. The
Salavat Pass (2,895 m) is also situated here. The Yan
Range is partitioned by the valley of the Gusar River
and divided into the Shahdag and Gizilgaya mountain
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massifs. There are several branches from the Shahdag
in different directions, the longest of which is the
Suval Range. Traces of ancient glaciers are clearly
visible on the bare rocks in the highlands, parallel
to the village of Laza in the Suval Range. Ancient
glaciers stretch from the slope of the mountain to the
bed of the Shahnabad River and are divided along the
slope (Aliyev and Budagov 1973). These areas have
favourable natural conditions for the development of
mountain tourism. Along with this, Shahdag National
Park was established 32 km away from Gusar region
on December 8, 2006, where eco-tourism is also
developed. The most interesting places for tourists
in the national park are the constantly snowy peaks
of the Main Caucasus Range - Bazarduzu (4,466 m),
Shahdag (4,243 m), and Gizilgaya (3,739 m) (Abadov,
2,014). There are ecological tourism routes such as
Laza-Waterfalls or icy waterfalls, Laza-mountain
waterfalls, Laza-Sudur, Geleykhudat Heydar Aliyev
peak, and Bazarduzu in the territory of the national
park.

The soils in Gusar region are mainly grassy
mountain-meadow, brown mountain-forest, typical
and carbonate mountain-forest, and brown soils. The
main vegetation of the mountainous area consists of
broad-leaved forests on the sloping plains of alpine
and subalpine meadows. Meadows and bushes also
cover large areas in the region (Mammadov et al.,
2012). Forests cover a large part of the territory -
20% of Gusar region. The complex physical and
geographical conditions of the area have led to uneven
distribution, structure, kind, and age composition of
forests (Mammadov and Asadov, 2010). The forests
are dominated by hornbeam, oak, beech, poplar,
and elm trees. Wild fruits are also widespread in
the forests. The vegetation of the tea fields has wild
fruits such as cornflower, cornel, cherry-plum, sumac,
hawthorn, as well as natural medicinal plants such as
dog-rose and blackberries.

In an area of 7 hectares, a beech forest called
“Alistan Baba” near the village of Urva in the Gusar
region is specially protected. The forest is rich in
tall and old beech trees. In addition, a 200-year-old
maple tree (Acer platanoides) in front of the Hazra
village mosque and a 460-year-old eastern plane tree
(Platanus orientalis) in the old cemetery near the
tomb of Sheikh Junayd attract tourists as a natural
monument.

Gusar region is also distinguished by its rich
fauna. There are wolves, bears, foxes, wild boars,
mountain goats, rabbits, and other animals, as well
as Caucasian grouse , Caucasian snowcock, chukar
partridges, quails, wild pigeons, mallard ducks, and
many other different types of birds in the region.
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Rivers are considered one of the most attractive
areas for tourism development. The rivers of the
northern region take their rise from the mountains
of the Main Caucasus and flow into the Caspian Sea.
(Gashqay and Mehdiyev 1950). Samur, Gusarchay,
and Guruchay are the largest rivers in the region.
Rivers and their waterfalls are of great interest to
tourists.

The length of the Samur River is 216 km. It
originates in the highlands (3699 m) between the Main
Caucasus Range and the Samur Range watershed,
which runs parallel to it in the north, and flows into
the Caspian Sea. The Samur River crosses the border
of Azerbaijan and Russia. The Samur-Davachi canal
was built from the Samur River in 1940, and in the late
1950s, the canal reached the Jeyranbatan reservoir.

The length of the Gusarchay is 108 km, which
takes its rise from Bazarduzu Mountain (3780 m)
and flows into the Caspian Sea. The main tributaries
are the Shahnabat (12 km long) and Sikhur (14 km
long) rivers. The water of Gusarchay is widely used
for irrigation of agricultural lands; part of the water
is discharged into the Samur-Absheron water canal.
Gusar, Khuray, Anik, and Guzun Hydroelectric Power
Stations have been built on the river (Museyibov,
1998). The length of the Guruchay is 77 km; it takes
its rise from the Yan ridge (2550 m) of the Main
Caucasus and flows into the Caspian Sea. River water
is widely used to irrigate agricultural fields.

Along with the economic importance of the
above-mentioned rivers, they also have great tourism
potential. There are recreation centres and picnic sites
around the rivers. At the same time, there are many
waterfalls on the rivers flowing through the territory
of Gusar region. For this reason, Gusar region is called
the land of waterfalls. Laza (54 m) and Shahnabal
(32 m) waterfalls, as well as Suvar and Kuzun (28
m) waterfalls, which are among the most beautiful
natural landscapes in the territory of Azerbaijan, are
located here. These waterfalls attract tourists with
their grandeur, abundance of water, and mysterious
scenery.

Laza and Shahnabat waterfalls are located on the
Gurgur River, the right tributary of the Gusar River,
near the village of Laza, at an altitude of 2,200 m
above sea level. As Laza and Shahnabat waterfalls
freeze in winter, ice-climbing competitions are held
here. Suvar waterfall is also located near the village
of Laza, at an altitude of 2,000 m above sea level.
Kuzun waterfall is situated at an altitude of 1,800 m
near Kuzun village.

The territory of Gusar region is rich in sources
of mineral and thermal waters. There are about 20
springs here, the total flow rate of which is 0.2 m’.

Sources of table mineral water, usually cold, are most
common in the Shahdag and Sudur directions. A high
flow rate of water is characteristic of such mineral
springs as Cherkebulag, Shahbulag, and Kuzunbulag.
Currently, these waters are not used for economic and
tourist purposes.

There are many archaeological monuments
in Gusar region. They include the mound of the
Ist millennium B.C. in Khazra village; Galakhur
settlement of the 4th-16th centuries; Mahmudtepe
settlement of the 1st millennium B.C., 2 km north-
west of Gadazeykhur village; the medieval settlement
of Gadazeykhur village; the Bronze Age Gaflatepe
settlement, 1 km south of Gadazeykhur village; the
Bronze Age Govdishan hill mounds , 2 km east of
Imamgulu village; Gunutepe settlement of the 3rd-7th
centuries in Gunduzgala village; Maysertepa town
of 1th-3rd centuries, 500 m north-west of Badirgala
village; the medieval Kalaysuvar settlement in Samur
settlement; a necropolis of the 4th-7th centuries on
the left bank of the Gusar River, near Anig village;
Kukhur hills settlement of 4th-7th centuries, 1.5 km
north of Kukhuroba village; Iron Age mound, 50-60
m, on the left side of the Baku-Derbent highway near
the Kukhuroba village; Iron Age necropolis in Hil
village, etc. (Approved by..., 2001).

The territory of Gusar region is rich in historical
and architectural monuments. These include the
ruins of 13th-century castle walls in the village of Anig
and a 19th-century mosque; the tomb and mosque
of Sheikh Junayd in Hazra village built in 1544; a
medieval caravanserai in Kirig village; a medieval
mosque in Balagusar village; a mosque in Hil village
(19th century); Khudat fortress of the 17th century
near the Kohna Khudat village; a mosque of the 18th
century; mosques in the villages of Khuray, Boyuk
Murug, and Tagaroba; mosques of the 19th century
in the villages of Zindanmurug, Jagar, Gunduzgala,
Chetkun, Mujug, etc..

Along with the historical and architectural
monuments found in Gusar region, folk art such as
carpet weaving, woodcarving, weaving socks and
gloves from colourful coarse wool, processing of
sheepskins, etc. has maintained its importance to this
day.

One of the important conditions for the
development of tourism in Gusar region is the
availability of hetel complexes in accordance with
international standards. Although the natural and
historical-cultural tourism potential of the region is
attractive for tourists, it will not be possible to develop
the tourism sector at any level without modern hotel
complexes. Unlike other areas of the tourism sector,
hotels have a wide range of organisational structures,
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which has
performance.

There were 17 hotels for tourists to spend the
night in Gusar region in 2018, most of which were
concentrated in Gusar city. The number of rooms
in hotels is 981 and the one-time capacity is 2,253
people. The number of hotels, the number of rooms
and full hotel capacity have increased over the past
five years. If we compare these indicators for 2017-
2018, it could be observed that there has been a
decrease. However, the increasing trend in the number
of overnight stays in hotels was observed every year,
and in 2018, the number of overnight stays was
107,496 people (Table 1).

a significant impact on economic

Table 1. Main indicators of hotels in Gusar region

skiing. However, at the beginning of winter, the lack
of natural snow cover in the complex and the relative
humidity of 80% require the provision of mountain
ski slopes with artificial snow-making (generation)
systems which requires additional funds. There are
currently five hotels in the Shahdag tourist complex:
Shahdag Hotel and Spa (for 346 people), Zirve Hotel
(for 86 people), Gaya Residences (for 62 people),
Peak Palace (for 334 people), and Park Chalet (for
328 people). The complex can accommodate 5,000
tourists at a time.

Along with large hotels, there are more than 50
small motels, hostels, and recreation centres in Gusar
region. They include Chateau Hotel Gusar, Alpine

2014 2015 2016 2017 2018
Number of hotels, unit 14 17 16 19 17
Number of rooms in hotels, units 434 770 910 984 981
Full capacity of hotels, people 961 1625 1721 2352 2253
Number of overnight stays in hotels, person-night 28,452 37,625 70,495 101,581 107,496
- number of citizens of the country 25,341 32,067 50,223 65,040 41,163
- number of foreign citizens 3,111 5,558 20,272 36,541 66,333

Source: Tourism in Azerbaijan. Baku, 2019

During the years studied, the income of hotels in
Gusar region increased by 10.3 times and expenses by
7.2 times. However, in 2015 and 2017, hotel revenues
and expenditures were lower than in other years. The
most sorrowful thing is that the difference between
income and expenses was negative in all years except
2017. The largest difference (USD -55,510,824) was
recorded in 2018 (Figure 2).

There is “Shahdag” winter-summer tourism
complex in the territory of Gusar region, at an altitude
of 1,440-1,640 m above sea level. The complex is
equipped with a ropeway and ski trails, bench-type
lifting facilities, and infrastructure for mountain
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Inn Gusar, Gayi Bulakh Resort Center, Star Gusar
Resort Center, North Motel, Shah Bulag, and others
(Figure 2). However, they do not fully meet the needs
of tourists visiting the region.

As aresult of the research, it was determined that
the average occupancy rate of hotels varies between
60-80% in summer and 30-40% in winter. The average
stay of tourists in hotels is 1-3 days, and the average
price of a room is USD 35-70.

The zoning of tourism and recreation resources
of Gusar region was based on both natural and socio-
economic resources. The territory of the region
is divided into three zones in terms of tourism and
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Fig. 1. Revenue and expenses of hotels and difference between them in Gusar region

Source: Tourism in Azerbaijan. Baku, 2019
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Fig. 2. Zoning map of tourism and recreation resources of Gusar region

recreation resources. The first zone includes areas that
are more developed than other areas in terms of the
pace of development of the tourism sector; the second
zone includes areas that are attractive and moderately
developed in terms of ecotourism; and the third zone
includes areas that are relatively underdeveloped
despite their potential.

Tourism potential and forms of entrepreneurship
develop faster as a result of effective activities. As a
leading factor in tourism activities, small and medium
enterprises should be expanded as a more efficient
way. In particular, the use of small business products
for consumption in the field of tourism can increase
its potential and turnover by expanding the market of
tourism services (Mammadov, 2013).

Tourism service is a labour-intensive field and
opens wide prospects for the development of small
and medium entrepreneurship. The income obtained
in a short period is of interest to the entrepreneur.
The development of tourism is of great importance

in creating new jobs, reducing unemployment,
preventing migration flows, and developing new
housing. Some jobs in tourism enterprises are
seasonal and in some cases require the use of more
female labour (housekeeping, laundry, kitchen
worker, etc.). This allows local residents to earn extra
income, thereby improving the social situation of the
family.

Labour resources are the main productive forces
of society. The number, dynamics, and professional
and educational level of these resources are the
most important factor in the development of the
economy in different regions of the country. The
level of labour supply affects the formation and
territorial organisation of the economy and allows the
development of labour-intensive industries (Abbasov,
1998). Thus, the level of development of productive
forces is related to the formation of life, spiritual and
household traditions, the diversity of geographical
conditions, and the possibility of its use.
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At present, there are local tourist routes in Gusar
region. However, although these routes mainly reflect
historical, cultural and natural monuments, they are
of local importance and can play an exceptional role
in the employment of the population living in the
region at any level. In addition to guiding activities,
the locals help to meet the daily food needs of tourists
and receive them at home as guests.

By conducting the SWOT analysis, it is possible
to identify its strengths and weaknesses, taking into
account the positive and negative effects of the
tourism sector. The analysis also identifies potential
threats to the tourism sector and relevant opportunities
for its development (Loudon et al., 2005). The
advantage of SWOT analysis is that the strengths are
further developed, appropriate measures are taken to
eliminate the weaknesses, ways to address the threats
to sustainable development are sought, a tourism
strategy is developed, and maximum efforts are made
to take advantage of local opportunities. In this case,
there is a need to analyse the current state of tourism

and recreation resources in Gusar region and their use
by conducting the SWOT analysis.

It should be noted that as a result of the SWOT
analysis, various options for linking the environment,
competitive conditions, internal resources, and
experience gained are developed, and specific tasks
of marketing activities of the business unit are
identified (Mammadov, 2007). Thus, their application
is highlighted by identifying optimal ways to develop
the tourism sector.

When conducting the SWOT analysis for
Gusar region, the current state of hotels, along with
more attractive natural and historical-architectural
monuments, have also been studied. In this case,
the main goal was to determine the dynamics of the
development of the tourism sector (Table 2).

The results of the SWOT analysis show that
despite the risks in Gusar region, there are favourable
conditions for a high level of development of the
tourism sector. To this end, the scientific basis and
information provision of tourism development

Table 2. SWOT analysis of tourism-recreation resources and their use in Gusar region

Strengths

Weaknesses

- favourable economic and geographical position of the re-
gion;

- unique natural and historical-architectural monuments;

- natural and ecological conditions to ensure the rest of tour-
ists;

- preservation of national values, rich cultural heritage;

- opportunities for the organisation of ecological, rural, reli-
gious, walking, and other types of tourism;

- experience in conducting sports competitions (ice climb-
ing);

- state support for entrepreneurs for the development of the
tourism sector.

concentration of hotels mainly in the district centre;
insufficient promotion of tourist places;
non-use of springs for tourism purposes;

regular deterioration of roads in mountain villages during
natural disasters;

poor level of service and professional training;
lack of guide staff;

lack of monitoring to measure the level of tourist satisfaction.

Opportunities

Threats

- high tourism potential;

- improving the level of service in hotels;

- organisation and development of local tourist routes;
- abundance of labour resources;

- allocation of investments to stimulate the work of travel
agencies

aggravation of the geopolitical situation in the border areas;
intensive nature of natural disasters;

other specific risk factors that depend on the professional
training of travel agencies and tour operators.
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strategy should be strengthened, foreign and local
investors should be attracted to the region, the number
of hostels and guesthouses should be increased,
their service should be improved, and the tourism
infrastructure should be mobilised, using the existing
potential fully and effectively. Thus, the growing
attention to the tourism industry will also play a
supporting role in solving the employment problem.

Results

Assessment of tourism and recreation resources,
their integrated use from an economic and
environmental point of view affect the formation and
development of the modern tourism market. Taking
into account the natural conditions and economic
potential of Gusar region, the zoning of tourism and
recreation resources was carried out and the following
results were obtained:

- Climatic conditions and relief factors of Gusar
region, as well as the fact that a part of Shahdag
National Park is in the territory of the region open
wide opportunities for the development of the
tourism sector. At present, ecological tourism routes
operate in the National Park. At the same time,
numerous waterfalls, springs around villages, as
well as archaeological and historical-architectural
monuments on large rivers such as Samur, Gusarchay,
and Guruchay, and their tributaries prove the high
tourism potential of the region.

- Although the performance of hotels in Gusar
(number of rooms, full hotel capacity, and number of
overnight stays) is high, the difference between the
income and expenses of hotels has been negative in
all years except 2017. As this indicator has a negative
impact on the development of the tourism sector,
it has weakened the service sector. To solve the
problem, small motels, hostels, and recreation centres
have been established in the region, and state support
is provided to local entrepreneurs.

- Zoning of tourism and recreation resources of
Gusar region was carried out, and according to the
pace of development, the region’s territory has been
divided into three zones: highly, moderately, and
relatively poorly developed zones. The first zone
includes Gusar city, surrounding areas and “Shahdag”
winter-summer tourism complex; the second zone
includes forests, rivers, waterfalls, springs, etc., which
are more attractive in terms of the development of
ecological tourism; and the third zone includes areas
with high tourism potential, but poorly developed.

- SWOT analysis of the tourism sector in
Gusar region determined that the area had sufficient
potential for high-level development of the tourism
sector. Effective use of these opportunities would

allow Gusar region to become one of the most popular
tourist areas in Azerbaijan in the future.
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accessibility to GSEI. The article analyzes the theoretical, methodological and practical
problems of using geographic information systems in studies of walking accessibility to general secondary schools of Chernivtsi city
territorial community and describes the general secondary education institutions of the studied community. Based on geoinformation
systems developed in Open Route Service and QGIS, the areas of the community with the best and worst walking accessibility to
secondary schools were identified, which is certainly of great practical importance in creating pivotal institutions, their service zone
and overcoming the problem of overcrowding in some schools. The most convenient location of the general secondary education
institutions of Chernivtsi city territorial community was observed in the central part of the city, as well as in microdistricts Prospect and
Boulevard, where there is a fairly dense arrangement of general secondary education institutions. There are also areas in the community
that are outside the 2-kilometer walking accessibility zone and require transportation for students. Such areas are the Shantsi, Tsetsyno
and Slobidka and Rohizna microdistricts, which have a cottage type accommodations. In general, most of the community is within
walking accessibility. An important aspect of the location of GSEI is the availability indicator, which ranges 0.2 to 0.81. The average
rate of accessibility to GSEI in the Chernivtsi city territorial community is 0.65. It should be noted that in the community there is a
relevant problem of providing students with places in GSEI in those areas, where today the construction of new residential areas is
actively carried out, while educational institutions are not expanding and not being built.
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I'eoindgopmaniiiHi TEXHOJIOTIT K OCHOBA JOCJIIIKEHHSI ONITHMAJBHOTO PO3TALILYBAHHSA 3aKJIa/IiB
3arajibHoI cepeHbOl 0CBiTH (Ha npukJaaai YepHiBenbKkoi MiCbKOI TEPUTOPiaJIbLHOI TPOMA/IN)

M.J1. 3asuyk, L.I. Kocramyk, K.B. Jlapuyk, }0.0. Binoyc

Yepniseyvkuii Hayionanvuuil yuieepcumem im. FO. @eodvrosuua, Yepnisyi, Vkpaina,
m.zayachuk@chnu.edu.ua, i.kostaschuk@chnu.edu.ua, m.zayachuk@chnu.edu.ua, y.bilous@chnu.edu.ua

AnoTanisi. B crarTi npoanasnizoBaHO TEOPETHYHI, METOAWYHI Ta MPUKIIAIHI ACTIEKTH BUKOPUCTAHHS reoiH(OpMaLiifHUX CUCTEM 3 Me-
TOIO BUBYCHHS Ta aHAII3y ONTHMAIBHOTO PO3TAIlyBaHH 3aKJa/(iB 3arajibHOI cepeHb01 0CBiTH UepHiBeIbKOI MiChKOI TEPUTOPiaIbHOT
rpoMajiv, BU3HAYCHHS MIIIOXiTHOI JOCTYMHOCTI YYHIB A0 HUX; a TAKOXK MOXKIIMBOCTI iX 3aCTOCYBaHHS JJISl IPOEKTYBaHHS OCBITHBOI
Mepexxi. Ha ocHoBi moOynoBanux muppoBux kaprorpadiuHux Mozeneil 3a gomomoroio Beb-cepBicy OpenRouteService Ta
reoindopmariifnux cucrem ArcGIS ta QGIS, Bu3HauYeHO MeXi Ta CTPYKTYpHI €JIEeMEHTH TEPUTOPialbHOI IPOMaH, IPOaHaIi30BaHO
0COoOIMBOCTI (PYHKIIOHYBaHHS 3aralbHOOCBITHROT MEpEXi Ha TEPUTOPIT JOCIIIIKEHHS Ta BUSBIEHO 30HHU 3 HAHKPAIIIO0 Ta HAUTiPIIOI0
IIIIOXITHO TOCTYITHICTIO 10 3aKNa (B 3arajbHol cepeHboi ocBiTh. Hafikpalie po3rairyBaHHs 3aKia/iB 3arajJbHol CepeHbOI OCBITH
UepHiBelbKoi MICHKOI TEpUTOPIialbHOI TPOMAAN CIOCTEPIraeThesl B HEHTPAJIbHIA YaCTHHI MicCTa, a TAKOXK y MiBICHHUX CIIaJbHUX
Mikpopaiionax micta — [Ipocnexrt ta BynbBap, e BiACTeKY€eTbCs JOCUTH LIIIbHE PO3MILICHHS 3aKJIa/iB 3arajlbHOl CepeaHbOI OCBITH,
110 MOSICHIOETHCS B LICHTPAIIbHIN YaCTHHI ICTOPUYHUMHE HporiecaMu (JOpMYBaHHS MICBKOTO IIPOCTOPY, a B CHAJBHUX pailOHaX — BUCO-
KOO T'YCTOTOI HACEJICHHS Ta BIAMOBITHO I YHCEIBbHICTIO JiTEH IIKIIBHOTO BiKy. BCTaHOBIIEHO, 1110 B IpoMa/ii HasIBHI TEPUTOPIi, 110
3HAXO/ATHCS 11032 MEXAMH 2-X KIJIOMETPOBOI 30HU MIIIOXiHOI JOCTYITHOCTI Ta MOTPeOyIOTh opraHi3amii migBe3eHHs yuHiB. TakuMu
TEPUTOPISIMH € MIKpPOPaOHU 3 KOTEILKHUM TUIoM 3a0ynosu — lanmi, [ermao Cnodinka ta Pori3Ha, a Takok CilIbChbKi HaCEJIEHI ITyH-
KTH. 3arajoMm OiJbIlla YaCTHHA TEPUTOPIi TPOMaIN 3HAXOAUTHCS B MEXKAaX MIIIOXiTHOT JOCTYMHOCTI. BaKIMBUM acTieKTOM pO3MILIeHHS
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3aKJIaJliB 3arajbHOI CEPEIHBOT OCBITH € MTOKA3HUK JOCTYITHOCTI, iKUii komuBaeThes Bim 0,2 1o 0,81. CepenHiii e MOKa3HUK TOCTYIHOCTI
JI0 3aKJIaJIiB 3arajibHOi CepelHbOi OCBiTH B UepHIBENbKild MICBKiil TepuTopialbHild rpoMaai ctaHoBUTH 0,65. Ciix BigMITUTH, IO
OKpaiHHI pypalibHi paifoHH MicTa TOTPeOYIOTH IiIBE3CHHS YUHIB MIKLTFHAMHU aBTOOyCaMH, IO OTpeOye BUPIMICHHS MiCHKOIO BIAI0I0.
I'IC TexHOMOTI1 103BOMISAIOTH MPOBOAUTH OLIIHKY OCBITHBOI MEpPEXKi, 110 JO3BOJIUTH 3aIPOIIOHYBATH BUPILICHHS CKIAIHUX MHUTaHb, SKi

BUHUKJIM B YMOBaxX peOpMyBaHHS OCBITH.

Kniouogi cnosa: eeoingopmayitini cucmemu, OpenRouteService, QGIS, ArcGIS, niwoxiona docmynnicms, cepeons oceima, 3aKiao

3a2anvbHol cepednbol oceimu

Introduction

High quality education is a precondition of the
successful economic and social future of the state, and
one of the most important factors of acquiring it is
accessibility to students of the education institutions of
various forms and types. In Ukraine, there are clearly
outlined sanitary norms of locations and accessibility
of institutions of general secondary education (IGSE),
which should be taken into account when optimizing
their network. Up to now, the geoinformational
systems for studying transportation and walking
distances have been almost unused during planning
or optimizing the network of institutions of general
education, which were then and now based rather
on economic parameters. Research of walking
accessibility to IGSE using the methods of spatial
analysis is quite important and necessary, first of all
in order to determine the territories with their various
parameters, which has a practical significance for
creation of pivotal schools [pivotal school refers to the
main school of a community, education center in each
administrative-territorial unit, where education is also
provided to children of small surrounding settlements
— Translator’s note] and strategic development of the
general education network. Such an approach would
allow our country to develop an optimum educational
network, provide every student with access to high-
quality education and multi-faceted development ofhis
or her talents, based on principles and requirements of
the New Ukrainian School. This in turn would increase
the national security of the state (and particularly its
economic and social constituents), and will contribute
to sustainable development of the state, described
in the Resolution of the General Assembly of the
UN “Transforming our world: the 2030 Agenda for
Sustainable Development”, specifically goal 4 of this
agenda, which is to “Ensure inclusive and equitable
quality education and promote lifelong learning
opportunities for all”, and therefore the topic has both
scientific-theoretic and practical significances.

Review of the literature, materials and methods of

research

Research of optimum locations for institutions
of general secondary education is a relatively
new direction in socio-geographic science. Most
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scientific research has focused on the territorial
differentiation of the educational network. Today,
an important aspect is monitoring and justification
of creating pivotal schools of the IGSE in spite of
the ongoing de-centralizing processes in Ukraine.
This issue has been studied the most by economists
and geographers. Among economists, we should
note the research of such scientists as Harchenko
M., Pashkevych M., Bienovsky L., Palchuk V.,
Savchuk D. and others. Other research has focused
on generalization and development of scientific-
methodological development of the network of
pivotal schools in the conditions of decentralization
reform. Specifics of functioning national and regional
educational complexes have been researched by
geographers, particularly Oliinyk Y., Niemets L.,
Homra O., Statsky V., Melnychenko T., Kornus O.,
Nych T., Flint N., Zaiachuk O., Kostaschyk I., and
many others. Among foreign researchers, we should
note the works by Lakhotia S., Lassarre S., Rao K.
R., Tiwari G., Colclough J. G., Owens E., Martinez-
Jiménez E., Salinas-Pérez J. A. and others. Analysis of
walking distance to the culture-educational network
of Cordoba (Spain) using geodata technology is
presented in the research by Enrique Martinez-
Jiménez and Jose A. Salinas-Pérez. In their works,
Shovan Ghosh, Sanat Kumar Guchhait and Susmita
Sengupta reveal spatial peculiarities of development of
infrastructure and level of development of secondary
schools in India. Also, important researches were
carried out by Colclough J. G.and Owens, E., which
analyze the specifics of cartography of walking time
using the methods of network models of GIS.

GIS-technologies are actively wused in
the development of urban planning, land use,
development of hospital districts, etc. In general, use
of geoinformational technologies is seen in different
spheres of human activity. On the other hand, these
technologies are poorly incorporated in research on
educational networks, including locating educational
institutions and planning the parameters of their
optimum location.

The researches was conducted based on analysis
of existing literature data in this topic, cartographic
dimensions and use of GIS-technologies. We analyzed
statistical materials related to the characteristics of
the institutions of general secondary education in
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Chernivtsi City Territorial Community, and using
geoinformation systems, we developed zones of
accessibility to educational institutions in the initial
administrative-territorial unit. The best way of
researching walking and riding distances is to use
geoinformation systems, of which there currently
are dozens of software products. Among them, we
selected ArcGIS and QGIS to achieve the goals.
Complex use of QGIS and ArcGIS solved the tasks
of various complexity, particularly determining the
coefficient of accessibility of the institutions, analysis
of their spatial arrangement and identifying territories
with varying degrees of accessibility, and the use of
Open Route Service web service allowed us to solve
those problems in interactive regime. At the moment,
within the framework of Open Route Service, the
following functions were implemented: directions,
matrix of temporal distance; point of interest; Pelias
geo-coding; elevation; isochrones (HeiGIT, 2020).
To study accessibility to IGSE by riding and
walking, we propose using the method of structure
of isochrones (zones of accessibility), which help

think that research on local territorial communities
with well developed transportation infrastructure and
dense ISGE network on one hand, and uneven ISGE
network on the other hand, should pay more attention
to walking accessibility, rather than accessibility by
cycling or riding. This will help planning not only
the educational network, but help in the necessary
process of organizing the transportation of children,
and also help Chernivtsi Local Council in dividing
the city into educational districts. On the other hand,
in village communities, one should focus more on
transportation infrastructure and optimization of
financial expenditures for transportation of children
to the pivotal schools.

The main material

Currently, Ukrainian society is at the stage of
carrying out a de-centralization reform, which implies
changes in the administrative-territorial structure of
our country and imposes most duties (including
provision and development of the education) of the
state onthe bodies oflocal government, which, together

Fig. 1. Interface of Open Route Service web service for determining accessibility to the IGSE

determining from which points the students are able
to walk to school in a certain time, as well as distance.
When building isochrones, the following parameters
are taken into account: steepness of slopes, types of
roads, types of cover, complexity of roads and others.
Accessibility zones can be made for cars and large
vehicles (including buses, which is important when
planning routes for driving children), travel distances
by cycling and walking, and also moving in wheelchair.
Polygons can be made according to distance or time,
which is quite convenient and allows taking into
account children’s walking speed related to age. We

with receiving budget preferences and management
obligations, should take on the complex task and
responsibility of creating effective management of
systems of education, medicine, culture and other
spheres in their communities. An important aspect in
this context is effective planning of arrangement of
IGSE, optimization of their network, which manifests
today in the creation of pivotal schools and their
branches (Ridosh (Ed.), 2021).

After introduction of de-centralization reform,
communities began to actively use data and geoinfor-
mational cartography software in the sphere of mana-
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gement of territories of inhabited areas. In most cases
when they are being implemented, the “map and
data base” approach is used ,which involves storing
maps and attributive information in a data base. The
main feature of GIS is using geospatial data base for
presenting the data in the following forms: various
documents based on developing maps; developing
tables; texts using selections from the data base and
geospatial modeling and analysis of the data obtained
using the results of selection (Honcharov&Oliinyk,

2016).
Despite broad introduction of information
technologies, geoinformation technologies are

practically unused during planning of the educational
network, and particularly creating pivotal institutions
and optimizing the network of ISGE, especially at the
local level. Therefore, it would be practical to consider
these issues within separate territorial communities.
According to the new administrative-territorial
structure, in Chernivtsi Oblast, 52 territorial
communities have been created, including 34 village,
7 posyolok and 11 urban. For the research, we
selected the Chernivtsi Local Territorial Community,
which is the largest in Chernivtsi Oblast according
to the population, number of students and number
of the ISGE. The community includes three local
settlements, namely Chernivtsi city and Chornivka
and Koroviya villages. The area of the community is
181.6 km?, and the population is 272,180 people (local
population — 267,060 people and rural population —
5,120 people) (Ridosh (Ed.), 2020). Therefore, the
average population density is 1,498.8 people/km?.
During optimization of the general educational
complex of the community, we took into account the
number of factors: educational needs of students; or-

ganization of pre-profile training and profile (profes-
sional) education; qualification of pedagogic staff;
material-technical base; presence and convenience
of roads; transportation distance to education institu-
tions, etc (Bilous, 2020). In general, within the Cher-
nivtsi Territorial Community, there are institutions
of general secondary education, institutions of pre-
school educations, and also inclusive resource centers
operate, institutions of pre-school education and insti-
tutions of higher education.

An important aspect in the development of
education comprises parameters of dynamics of
population and its sex-age structure, which form the
specifics of the demographic process, which in turn
determines the share of students in the age structure.
The population of Chernivtsi city has continuously
grown since 2002. As of 1 January 2019, 266,5 thou
people lived in the city, which is almost 26 thousand
more than in 2002 and almost 13 thousand more
than in 2011 (Fig. 2). In the sex structure, women
prevail (847 men per 1,000 women, which is 16 less
compared with 2002). Age structure of the population
is as follows: 0-14 years — 14.9%; 15-64 years —
71.9%; 65 and older — 13.2%, indicating regressive
type of reproduction of the population.

The number of students in ISGE in Chernivtsi
city starting from 2010-2011 school year has
continuously grown. As of September 1, 2009, 27,649
students studied in these institutions of Chernivtsi
city, which was over 5 thou students more compared
with September 1 2020 (Fig. 3). Currently, 28,457
students are studying in the Chernivtsi Territorial
Community, most of them (over 1,000 students) are in
Z0OSh (Middle School of General Education) of levels
I-III: Ne 24 School named after Olha Kobylianska,

Number of students in GSEI of Chernivtsi TC
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Fig. 2. Dynamics of number of population of Chernivtsi city
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Fig. 3. Dynamics of the number of students in the institutions of general education in Chernivtsi city

ZOSh of levels I-III Ne 27, ZOSh of levels I-IIT Ne28,
Chernivtsi ZOSh Ne 6, Chernivtsi Specialized School
of levels I-I1I Ne 22, and the loweat number (less than
200 students) are in the Harmonia Private Specialized
School of levels I-1II, ZOSh of levels I-1I Ne17, ZOSh
of levels I-I1 Ne13, Chernivtsi Gymnasium Ne6 named
after Oleksandr Dobry with teaching in Romanian,
the Military and Sport Boarding Lyceum, ZOSh of
levels I-1II Ne 10, ZOSh of levels I-11I Ne 40, located
in the rural part of the city, Chernivtsi Specialized
School of level I No29. According to the levels of
education, the largest number of students studies at
level 11 (13,064 students), and the least at level III
(2,877 students).

An important element in the organization of
high-quality education is the size of the class, which
affects various constituents of educational space.
The average class in the schools of the Chernivtsi
Community comprises 27.3 students, and most
optimum parameter ranges within 20-25 students
(Kostashchuk & Bilous, 2014). It has to be noted
that in the educational institutions of the Chernivtsi
Community, the size of the groups is higher than
average, and it also varies depending on the part
of the city (central, rural, commuter towns, etc).
The largest groups (over 35) are in 4 educational
institutions, whereas the smallest (less than 20) are
in 6 educational institutions. Only 6 institutions have
optimum parameters of the groups, particularly:
Chornivsky Training-Educational Complex (TEC),
Z0OSh of levels I-11I - Ne40, Chernivtsi Gymnasium
No6 named after Oleksandr Dobry, ZOSh of levels
I-1II stages Ne30, Koroviya ZOSh of levels I-11I and
the Chernivtsi Specialized School of level I Ne29.

One of the most important factors of optimizing
secondary education is location of the institutions,
and also accessibility to them by walking or riding.
According to the sanitary norms, the radius of walking
distance to secondary education institutions should be
2 km. Students who live at the distance more than 2 km
away from the school should be provided with transport
according to the regulations of the founder (founders)
of the educational institution in correspondence with
the current legislation. Transportation is carried
out according to the designated plan of stops. The
distance from accommodation to the gathering place
for students at the stop should not exceed 500 m (Pro
zatverdzhennia Sanitarnoho rehlamentu dlia zakladiv
zahalnoi serednoi osvity, 2020).

To implement the goals, as already mentioned, we
used Open Route Service, and also geoinformational
systems ArcGIS and QGIS. In ArcGIS v.10.5
environment, particularly ArcMap app, we
downloaded initial cartographic data: Shuttle Radar
Topography Mission (SRTM), cosmic images in
Natural Spectrum (Landsaat) and various raster tiles
(OSM). Also, by applying Field Calculator, we have
separately developed a geospatial set of data (Fig. 4),
which included 721 linear objects of street network
and courtyard passages (730.38 km) of the Community
and 56 point objects of secondary education (Fig. 5
and 6). Every object was given an attribute, regarding
its name, type, population living around it, and the
number of students studying in it. Then, vector data
were overlaid on the corresponding rasters.

Based on these data, using NeworkAnalyst tool,
we developed graphs of the route network, with almost
5,000 binding and turning points. They will serve as
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Fig. 4. Attributive table with ranking according to accessibility parameters

benchmarks for establishing routes for walking and
driving (Fig. 7).

Therefore, using Open Route Service and
QGIS, we developed isochrones of 2-km zone of
walking accessibility to the schools of secondary
education of levels I and II-III for the Chernivtsi
Local Community. Using QGIS Desktop, generalized
data of the accessibility were overlaid on the map
of the Chernivtsi Local Territorial Community with
identified zones of walking accessibility.

After analyzing the map of walking accessibility
to education institutions of the Chernivtsi Territorial
Community, we identified the territories where
the students need transport, and also territories
with a quite dense arrangement of IGSE. The best
arrangement of IGSE is in the central part of the city,
and also in Prospect and Bulvar microdistricts, where
several educational institutions are located within
the radius of 2 km. Therefore, within the catchment
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area of School Ne4, Chernivtsi Gymnasium No3,
Primary School Ne 26, Chernivtsi Gymnasium Ne 5,
Chernivtsi Specialized School of level I Ne 23, there
are 28 institutions, providing the students with a
broader choice of education institution, and therefore
increasing competition and quality of providing
education services. At the same time, the worst
situation is in ZOSh of levels I-III Ne 31, School Ne40,
Koroviya ZOSh of levels I-1II, Chornivsky TEC, for
the number of IGSE there within the 2km zone, is 0,
i.e. these institutions are the only ones within the 2
km-radius catchment area. On average, the number of
IGSE within the 2 km zone of a certain institution is
14.7. Also, there are territories in Chernivtsi, where
the students need transportation. The territories of
Tsetsyno and Slobidka microdistricts are completely
beyond the walking distance to IGSE. Partial coverage
of walking distance zone is in microdistricts Dolishni
Sherivtsi, Rohizna and Kalichanka (Fig. 8).
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Fig. 5. View of the basic set of layers in ArcMap app

An important aspect of formation of a high
level of knowledge in students at the current stage
of development of education is specialized education
and pre-specialized training, and gymnasiums
with in-depth study of separate subjects. These
institutions allow the students to better demonstrate
their intellectual capacities. In the Chernivtsi
Territorial Community, the walking accessibility
to these education institutions greatly varies. In
general, in Chernivtsi, there operate 5 lyceums and

7 gymnasiums. The zone of walking accessibility to
those institutions covers the central part of the city
and microdistricts Prospect and Bulvar. On the other
hand, Chornivka and Korovia villages, Sadroga,
Slobidka, Nova Zhuchka, Hraviton, Stara Zhuchka,
Rohizna, Lenkivtsi and Kalichanka microdistricts are
beyond the zone of 2 km zone of walking accessibility
(Fig. 9).

In total, in Chenivtsi city, 1,567 students who
live out of the zone of walking accessibility need to
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Fig. 6. Digital model of the area with vector layers, developed in ArcMap app.

be driven to schools. The children are transported by
minibuses and trolleybuses of Chernivtsi. The highest
number of students who need transportation, 180
children, comprises those studying in GSS Ne§ and
gymnasium Ne5.

An important parameter of functioning of
the institutions is the area of the zone of walking
accessibility and the number of population living
within its range. These parameters are important in
the context of formation of number of students in
the educational institutions. The area of the zones
of walking accessibility to IGSE of the Chernivtsi
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Community ranges within 5.29 km? to 10.2 km?. The
greatest area of 2 km zone of walking accessibility,
particularly more than 10 km? were determined for
School Ne4, Chernivtsi Gymnasium Ne 5 and Chernivtsi
Specialized School of level I Ne 23. On the other hand,
6 schools in the Chernivtsi Territorial Community
have an area of accessibility of less than 6 km? (School
Ne40, Koroviya ZOSh of levels I-III, School Nel6,
Chornivsky TEC and School Ne39). Population in the
zone of walking distance ranges 1,353 (Chornivsky
TEC) to 53,466 people (School Ne4).

An important parameter in research on territorial
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Fig. 7. Graphs of the road network

arrangement of the institutions of education is
coefficient of accessibility, which we determined
using Open Route web service. The parameter of
accessibility may equal 0 (worst accessibility) to 1
(best accessibility). The parameter of accessibility
to the educational institutions of the Chernivtsi
Territorial Community is quite high (over 0.75) for
16 institutions (School Ne30, ZOSh Ne2, Chernivtsi
Lyceum Nel, Chernivtsi ZOSh Ne 24, Chernivtsi
Z0OSh Ne 20, Lyceum Ne4, Harmonia Private School,
School Ne5, Chernivtsi Gymnasium Ne3, Primary
School Ne 26, School Nel, Chernivtsi Gymnasium
Nel named after T. H. Shevchenko, School Ne7,
School Ne4, Chernivtsi Gymnasium Ne 5, Chernivtsi
Specialized School of level I Ne 23), and the lowest
parameter was obtained for 8 institutions (Schools
Ne4(), Nel6, Nel7, Nel9, Ne28, Ne39, Koroviska
Z0Sh of levels I-11I and Chornivska TEC) — less than
0.5. The average parameter of accessibility to the
educational institutions of the Chernivetska Territorial
Community is 0.65.

A special aspect in research of geospatial
arrangement of educational institutions is determining
local specific of walking accessibility. For this purpose,
we selected one of the most populated housing
districts of the Community — the Pivdenny Housing
Estate, within which there are 4 institutions of general
education. This stage allowed us to distinguish the

shortest routes to school, and therefore to chose the
smallest distance — 0.5; 1.0; 1.5 and 2.0 km (Fig. 10).

The provided -cartographic model presents
distance from the IGSE taking into account streets and
courtyard passages, and also the extent of capacity
to pass through. At the same time, there is a distinct
ramification of 500 m zone along the highway streets
and communication lines adjacent to the IGSE. Quite
disproportionate is the coverage of peripheral parts of
the housing estate, though they are included in the 2
km zone.

Conclusions

In the process of reforming the education
sphere, an important aspect is the accessibility of
high-quality education for all participants of the
education process. Researches on this problem is
impossible without modern scientific-informational
approaches. Therefore, the geoinformation approach
made it possible to plan and project the general
education network of territorial communities, making
it possible to analyze optimum arrangement of IGSE
in the territorial community, and at the same time
determine the territories from where the students
should be transported. The advantages of GIS are the
speed, reliability and accuracy of the obtained data,
complexity of the selection, analysis and visualization,
while the overlay properties of GIS apps allow
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Fig. 8. 2 km zone of walking accessibility to a IGSE in Chernivtsi City Territorial Community

consideration of numerous factors. The disadvantages
of using such an approach are dependency on relevant
statistical data, as well as initial geospatial data.
Web-service Open Route allowed us to develop
isochrones of walking accessibility of the students and
analyze the arrangement of IGSE of the Chernivtsi
City Territorial Community. Complex involvement
of QGIS and ArcGIS gave an opportunity to create
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a data base and visualize the obtained data as
cartographic models so as to determine the coefficient
of accessibility to the institutions, analyze their
geospatial arrangement and determine territories
according to different levels of accessibility.

The observed territorial disproportions in the
provision of equal access of the students to high-
quality education, on the example of Chernivtsi
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Fig. 9. 2 km zone of walking accessibility to lyceums and gymnasia of Chernivtsi City Territorial Community

Territorial Community, allowed us to understand that
there are notable differences between the central part
of the city and its rural zones and villages included
in the city community. This problem is relevant for
almost all communities established around large
cities.

The proposed coefficients of accessibility
to education institutions and methods of their

determining using GIS technologies have essential
practical significance during projecting the education
network. Such research is especially relevant for
analysis and re-planning of education networks
of territorial communities that include over five
settlements of various sizes and with various
populations in them. Using GIS-technologies, we
determined territories of the Chernivtsi Territorial
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Fig. 10. Walking distance to institutions of secondary education in the Pivdeny housing estate

Community located beyond the 2 km zone of walking
distance, and also accessibility to each IGSE in
the Community. The coefficient of accessibility in
Chernivtsi City Territorial Community ranges 0.2
to 0.8, and the average parameter of accessibility is
0.65. This indicates that most part of the territory of
the Chernivtsi City Territorial Community is within
walking accessibility distance.
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