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Hauionanvuuii ynieepcumem oiopecypcie i npupodokopucmyeants Ykpainu

30ilicHeH0 NOPIGHAHHS eK0.102i4H020 NOMeHyiany 060x pienosiodarenux 6id Kueea maiux
micm — @Pacmosa i Kaeapauka 3a 3a2anbHoio éapmicmio eKOCUCMEMHUX HOCAYe, OMPU-
myeanux Ha ix mepumopisax. [ocaioni micma posmauwogyromsca y Kuiecokiil eucouurHiii
obaacmi aicocmenosoi 301U, MAOMb CXONCY ICMOPII0 PO3BUMKY, dne PIZHAMbCA 3a NAOUeI0,
KIAbKICMIO MEWKAHUI8 | WiNbHICIMIO NOCEAEHHA, A MAKOIC NPOMUCA08UM PO3BUMKOM [ CMPYK -
mypoio 3emaexopucmyeanns. Heszeaxcarouu Ha nepeeacu KOHUENyii eKOCUCMEMHUX NOCAYe,
ii 3acmocysanHs 6 MiCbkOMY NAAHYBAHHI CMPUMYEMbC 00MedceHicmoo abo eidcymHuicmo
daHux 05 oyin6anHs. JlocaioxceHHs 6UKOHAHO 3a MAMepiaiamu 2eHeparbHux NAaHie
micm 3 uKopucmaHuam mpancgheprozo memody. Bapmicms ekocucmemHux nocaye Ha
mepumopii 00CAIOHUX MAAUX MICM PO3PAXOBAHO 34 KAMe20PiAMU 3eMeAbH020 GOHOY —
cinbcvKo020cnodapcokumu yeiodamu, AicogumMu ekocucmemamu i 600HUMU NOGEPXHAMU.
Exocucmemni nocayeu 3 1 ea koxchoi kameeopii 3emMaeKopucmy8ants cKOpu208aHo nepe-
gedennam y doarapu CIIIA 3 ypaxysannsam Koegiyiecnma nepenocy éapmocmi 3a napumemom
Kynigeavroi cnpomoscHocmi epoutell oaa Yxpainu. Bemawnosaeno, wo 3aeanvha Kinbkicms
OMPUMYBAHUX eKOCUCMEMHUX NOCAYe Malldce 00Hakosea 041 000x micm. Boouwouac, micma
CYMMEBO GIOPI3HAIOMbCA 8I0HOCHOI KIAbKICMIO eKOCmabiai3youux mepumopiil, uo no3Ha-
4aemocs Ha NUMOMUX NOKA3HUKAX éapmocmi ekocucmemHux nocaye. Ha oonoeo mewkanys
Dacmosa npunadae emputi MeHUIA KIAbKICMb eKOCUCIEMHUX NOCAY2, A HA 00UHUYI0 NAOUL —
606iui, il maka meHdenyis 0yoe 30epedcena y nepcnekmusi. Jlunamika 3aeanvhoi eapmocmi
ekocucmemnux nocaye na mepumopii Kaeapauka ceiouums npo HeQompumanhs npuHyuny
eK030a1anco8anocmi mepumopii y nepchekmueHomy nAaHy8anHti, wo cynepeuums KoHuenyii
CMano2o po3eumky.

Karouogi caoea: semaexopucmyeants, 3eieHi HACA0NCeHHS, eK030aN1AHCOBAHUTI PO3EUMOK.
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The ecological balance of the territories of
small towns is ensured by the balance of eco-
nomic entities and local natural ecosystems.
Nowadays, significant progress has been made
in identifying, quantifying and evaluating dif-
ferent ecosystem services (ES), but they re-
main poorly implemented in urban planning
[1]. Legislative uncertainty of the mechanisms
of the long-term development of small towns
and the inadequate use of ecosystem services
as the main tool for managing the state of
the urban environment exacerbates not only
socio-economic but also environmental prob-
lems of the development of small towns.

The use of land is undergone dramatic
changes and conflicts over demand for land
and requires coherent management and re-
sponsible land use on the locally. At present,
fertile land coverage is increasing with buil-
dings, transport infrastructure and industry,
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which calls for the preservation of natural
resources [2].

With the strengthening of sustainable ur-
ban planning, the concept of a compact green
town has become a global world ideal [3].
However, sealing processes are posed a threat
to the town’s green space [4], which is already
problematic in compact towns [5]. Artmann
et al. [6] consider it necessary to combine the
concept of green infrastructure and ecosystem
services with the strategic landscape plan-
ning of compact towns, as well as to introduce
rules for compromises between sealing towns
and providing green space. It is noted that
priorities for the distribution of land in urban
green spaces are neglected or easily negoti-
ated in countries in transition [7].

Unfortunately, for most small towns,
planting inventory data are absent or obso-
lete [8], moreover, data from different sources
hava significant differences, which does not
contribute to successful planning and mana-
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gement [9]. Instead, an accurate definition
of the urban green space is a prerequisite for
understanding its ecosystem services [10].

Ecosystem services in towns and adjacent
suburban areas are one of the main factors
that guarantee quality of life. Most studies
relate to individual towns [11]. Determining
the implications of the use of urban lands for
ecosystems and the quantitative indicators of
the relationship between urban land dynam-
ics and landscape ecological stability are im-
portant for the effective formulation of urban
development and environmental policies for
sustainable urban development [12].

Urban ecosystem services can increase the
sustainability of the city, which directly de-
pends on the quantity, quality and diversity of
the green infrastructure they produce.

The aim of the study was to carry out a
comparative description of the ecological po-
tential of the ecologically balanced develop-
ment of small towns of Kyiv region in terms
of ecosystem services.

MATERIAL AND METHODS

The objects of the study were two small
towns — Fastiv and Kaharlyk, which are de-
veloping intensively. Their selection is made
according to the criterion of availability of
current (newly developed) publicly available

master planning materials. This choice is justi-
fied by the lack of a population census, the in-
ventory of urban green spaces, the availability
of data on the territories of small towns and
the convenience of use [13]. Both towns are
geographically located on the Kyiv Plateau
in the Kyiv Highland province of the Forest-
Steppe zone. The towns have similarities with
the period of founding — respectively, 1390
and 1142 years, the distance from Kyiv (64
and 77 km), but significantly vary by area
and population, and therefore the density of
settlement (Fig. 1, Table 1).

The town of Fastiv is an important rail-
way hub with developed industry, which has
3.5 times more population than Kaharlyk.
Both towns are territorially belonging to a
zone of significant warm supply, unstable
moisture.

For the territories of both towns, black
soils are characteristic of loamy loam: for Fas-
tiv they are loamy, and for Kaharlyk they are
typical slight-humus. The territories of both
towns cross the rivers almost in half, forming
water-green diameters and green wedges. De-
spite the location in the Forest-steppe zone
and urban planning requirements for the
formation of green space, the green areas of
towns are practically absent. For the outskirts
of Fastiv characteristic agricultural cenosis

Territories of Fastiv (a) and Kaharlyk (b) towns according to satellite imagery on August 26, 2018
(Land Viewer EOS) in natural color
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Table 1
Physical-geographical characteristics of small towns
T Year Distance from Area. h Population, Population density,
own of foundation Kyiv, km Tea, ha thousand residents persons,/km?
Fastiv 1390 64 4386 48.5 1105
Kaharlyk 1142 77 2131 13.8 647
Table 2
Economic characteristics of small towns
Toun Financial capacity Ecological
UAH per person UAH per m? tax, UAH/ha
Fastiv 4981.71 5.28 37.63
Kaharlyk 2274.07 1.47 24.51

are in place of oak forests, and for Kaharlyk —
in place of meadow steppes and steppe mead-
ows. On the territory of both towns there are
parks-monuments of landscape gardening: in
Fastiv — Molodizhnyi and Fastivskyi parks,
in Kaharlyk — Kaharlytskyi park.

Fastiv is not only a railway hub, but also
an industrial town with advanced engineer-
ing, woodworking, food production, pulp
and paper industry and others. Kaharlyk
has developed food production, fish farm-
ing etc. Living conditions of the popula-
tion are estimated as moderately favorable
for Fastiv and satisfactory — for Kaharlyk
[14]. Both towns have newly developed gen-
eral plans approved in 2016 and 2014, re-
spectively. In addition, the analysis of towns
was supported by publicly available data
on the characteristics of small towns over
the data of land management forms 6-earth
(Table 2).

Data the table 2 indicate that financial
capacity per person or budget revenues per
unit of the town of Fastiv is 2.2 and 3.6 times
higher than the similar indicators of Kahar-
lyk town. Similarly, the environmental tax
per unit of the territory of Fastiv is 1.5 times
higher than the similar indicator of Kaharlyk,
which indicates more powerful harmful pro-
duction in its territory.

According to the master plan of 1987,
the Kaharlyk area amounted to 1517.0 hec-
tares, and the population by 2007 would have
grown to 40.0 thousand, which turned out
to be too optimistic. Instead, despite almost
three times lower than the planned popu-
lation (13.8 thousand), the town’s area has
already increased in 1.4 times. The town is
considered compact. From the west, the Ka-
harlyk area is limited to the highway of the
Kyiv-Myronivka railroad and the industrial
zone, the refineries of the sugar plant, from
the east — the highway of the state impor-
tance of H-01, the main gas pipeline and the
transmission line, which leads to an elongated
meridian-radial planning structure. Three in-
dustrial zones have been formed in the city
territory, which are enclosed in the residential
area, which is a significant anthropogenic load
on the urban ecosystem.

To determine the value of all ecosystem
services provided to locals in the studied
small towns, the technique, which takes into
account the types of land use [12] have al-
ready been used by us [15]. According to the
method, urban lands are divided into four
categories of land use: urban (built) arable
land, forest and water. We have applied this
technique using the cost-transfer coefficient

defined by the formula [15]:
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v, =v,- 2Pk

GDP, @)

where V, is the value of the service in the

target country of study, i.e. Ukraine; GDP,, —

gross national product per capita in the co-

untry of study; GDP; is the gross national

product per capita in the country where the
data chosen from.

Formula 1 uses gross national income per
capita in purchasing power parity in USD for
2017: China — $16760, Ukraine — $8900,
i.e. the GDPtr / GDP1/GDP1 cost transfer
ratio is 0.53.

For comparison, the average annual cost
of 1 hectare non-urban ecosystem services
may be $§ 1093-2777 [16]. That is, our rather
virtual values are comparable to data of other
sources.

In connection with the distribution of ur-
ban areas for only four specified categories,
in addition to the forest, the area of all urban
green plantations was also attributed, and to
the arable land — the area of all agricultural
lands and wetlands, the rest of the territories
are conventionally attributed to urban land-
scapes, which are ecosystem services do not
provide. For both towns, the opportunity to
determine the cost of ecosystem services at
both the current stage and the prospective
general plan was realized (by 2036).

RESULTS AND DISCUSSION

According to the current master plan, the
ecological framework of the Kaharlyk town is
represented by a system of green plantations,
water areas and coastal protected streams of
the Ros river and its tributaries. At present,
the area of the park-monuments of landscape
architecture of national importance «Kahar-
lytskyi» has decreased from 35.5 hectares
(in 1980) to 29.5 hectares.

The prospective development of the town
is foreseen, in particular, due to the conver-
sion of 176.8 hectares of agricultural land,
59.5 hectares of forests, 0.7 hectares of free-
of-territory land development, and the use
of 99.0 hectares of land outside the city. An
increase in the total area of green spaces is
expected at the expense of 12.5 hectares of

agricultural land, 59.5 hectares of forests (of
which 7.0 hectares are suburban). Other ex-
tensions of the city square are planned at the
expense of 42.9 hectares of agricultural land
and 23.6 hectares of free-of-territory develop-
ment (of which 46.0 hectares are suburban).
The use of 5.5 hectares of agricultural land is
also foreseen for the creation of special pur-
pose green plantations.

The new general plan envisages an increase
in the area of public construction more than
twice: from 3.2 to 7.1% of the total area, re-
ducing the area of agricultural land from 51.0
to 37.7%, increasing the area of green spaces of
common use from 100.8 to 179.8 hectares. At
present, the provision of greenery is 73.0 m?
per capita, and according to the plan for 2036
it will be 112.3 m? per capita. It should be
noted that the norm of planting greenery —
the only straightforward normalized indica-
tor for green public spaces — for the city is
currently observed. However, since there was
no inventory of greenery in the city (which is
typical for Ukrainian small towns), there is no
clear data on the availability of all categories
of green plantings.

Tables 3 and 4 give an overview of the cur-
rent and future situation regarding the cost of
ecosystem services in urban research areas.

At present, 65.6% of the town’s area under
the built-up (eco-destabilizing) territories of
the Fastiv is located, and in the long run this
indicator will increase by 2.4% to 67.9%. At
the territory of Kaharlyk, only 33.7% of the
territory is currently under building, but in
the long run the indicator increase by 8.6%
and will amount to 42.3%.

Table 4 takes into account the perspective
dynamics of the demographic situation (popu-
lation increase from 48.5 to 55 thousand in
Fastiv and from 13.8 to 16.0 thousand in Ka-
harlyk), as well as expansion of the Fastiv
area from 4386 to 4562.5 hectares and Kahar-
lyk from 2130.7 to 2280 hectares by 2036.
According to calculations, the total cost of
ecosystem services in the territory of Fastiv
is only 5%, and in the long run — by 6%, the
value of the total indicator for the territory
of Kaharlyk, which currently has twice the
area, will exceed.
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Table 3
Dynamics of land categories and cost of ecosystem services in small towns
Area, ha
Town, year

Arable land Forest Water
Fastiv 2015 1199.42 224.66 85
Fastiv 2036 1019.55 357.62 85
Kaharlyk 2013 1087.70 237.20 87.6
Kaharlyk 2036 865.70 362.20 87.6

Cost of ecosystem services, USD
Cost of ES per ha 972.38 1537.05 3233.77
Fastiv 2015 1166292.01 345313.65 274870.45
Fastiv 2036 991390.03 549679.82 274870.45
Kaharlyk 2013 1057657.73 364588.26 283278.25
Kaharlyk 2036 841789.37 556719.51 283278.25
Table 4
Dynamics of ecosystem services cost sharing in small towns
Cost, USD
Town, year Total cost of EP, USD
Per capita Per 1 ha
Fastiv 2015 1786476.11 36.82 407.31
Fastiv 2036 1815940.30 32.43 398.01
Kaharlyk 2013 1705524.24 123.59 800.45
Kaharlyk 2036 1681787.13 105.11 737.62
The value of ecosystem services

Fastiv 2015 1.05 0.30 0.51
Fastiv 2036 1.06 0.26 0.50
Kaharlyk 2013 1 1 1
Kaharlyk 2036 0.99 0.85 0.92

Data of table 4 emphasize the negative
temporal dynamics of ecosystem services per
capita and per unit area of both towns. The
exception is only the total cost of ecosys-
tem services in Fastiv for the future, which
suggests a well-thought out development
of urban areas in terms of newly developed
general plan for long-term development of the

town.

In terms of one hectare, the number of eco-
system services received in Fastiv, now and in
the future, is twice lower than in Kaharlyk.
In the long run, it decreases by 2.2 and 7.8%
respectively, which suggests that, despite
the decrease the cost of ecosystem services
in Kaharlyk is much faster, nevertheless the
town has a better planning structure from
the point of view of ecological balance, where
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relatively broadly represented eco-stabilizing
territories. At the same time, due to the dif-
ferent population density in research towns
(in 1.7 times), Kaharlyk has three times more
per capita, and in the long run — almost four
times more valuable ecosystem services.

According to the indicators of general
planning for the development of Fastiv, in the
long run, the total cost of ecosystem services
in its territory will increase slightly, but due
to the growth of the population (by almost
7.5 thousand) the indicator per capita will
decrease by 12%, and by 1 ha — only on 2.2%,
despite the expansion of the town’s area in the
long run by 176.5 hectares.

In the case of implementation of the mas-
ter plan for the perspective development of
Kaharlyk, by 2036, the total cost of ecosystem
services received from ecosystems in its terri-
tory will slightly decrease (by 1.4%), despite
the growth of the town’s area by 149.3 hec-
tares (or 7%), which will correspond to a re-
duction of the cost by 8% per 1 ha of the town
territory and by 15% per capita (in case of
reaching the estimated prospective popula-
tion — 16.0 thousand).

All this testifies to the fact that, despite
the declaration by the developers of the mas-
ter plans for the sustainable development of
urban areas, this problem has not been given
sufficient attention. At present, calculations
are not used that would allow modeling and
controlling the eco-balanced development
of urban areas. As a result, there is an ex-
pansion of the town, first of all, the built-up
area, which is accompanied by a promising
decrease in the cost of ecosystem services in
the towns.

CONCLUSIONS

It has been found that the research towns —
Fastiv and Kaharlyk have similar not only
geographic characteristics but also close value

assessments of ecosystem services provided in
their territories. However, towns differ signi-
ficantly in the relative number of eco-stabili-
zing areas, which affects the specific indica-
tors of the number of ecosystem services per
capita and per unit of urban area. One resi-
dent of Fastiv accounted for three times less
ecosystem services, and twice less per unit
area. This tendency is traced to the future.

The analysis of the dynamics of the total
cost of ecosystem services in the territory of
the pilot towns, first of all Kaharlyk, revealed
non-compliance with the ecological balance
of the territory in the perspective planning
of towns, which contradicts the concept of
sustainable development.

It is determined that although the pilot
towns are declared as compact, their area is
expanded disproportionately to the demo-
graphic situation. Sustainable urban develop-
ment involves preserving natural resources.
However, the development of towns and, as
a result, the reduction of economically sta-
bilized lands — forest and arable land, due
to which urban expansion is usually taking
place, will further reduce the overall cost of
ecosystem services that provide green infra-
structure and relative indicators per capita
and per unit of urban areas.

We consider expedient to adhere to the
development of small towns in a compact sce-
nario, and if necessary, the implementation
of their socio-economic development should
be foreseen at the expense of hypertrophied
extensive agricultural structure. Contrary
to current norms, in Kaharlyk (as in many
small towns of the region) there is virtually
no suburban green zone in the form of forest
massive, the formation of which should be
immediately focused in the near future. To
increase the ecological potential of towns, the
expediency of preserving forest lands and eco-
logically stabilizing lands is substantiated.
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EKOJIOT'O-EKOHOMIYHA OIIIHKA PEKPEAIIIIHO-
TYPUCTUYHOTIO ITPUPOJOKOPUCTYBAHHA

O.1. JIpe6ot, K.O. babikosa

Incmumym aepoexonoeii i npupodokopucmysannsi HAAH

IIpoananizoeano ex0.1020-eKOHOMIUHY OUIHKY PO3GUMKY €K0A02IYH020 MYPU3MY HA peKpe-
QUITIHUX mepumopisnx, a makodc pellmuHe peeionie pecypcHo-peKkpeauiinux KOMNOHeHmMi8
Ykpainu. Busnaueno inmeepanvHy ouinky npupooHux pekpeayitiHo-mypucmuuHux pecypcie
Yxpainu 3a makumu npupodnumu 6a0kamu: KAiMamuyri, pocaunHi, meapuuHi. 3anpo-
NOHOBAHO emanu NPUUHAMMSA 0PeaHi3ayillHO-YNPAAIHCOKUX pilleHb 011 3a0e3neueHHs
30a1AHCOBAH020 PeKPeauiilHO-MypUCmMU4H020 NPUPOOOKOPUCMYBAHHA, WO CRpUSMUME
HEeGUCHAICAUBOMY NPUPOOOKOPUCIYBAHHIO MA POUUPEHOMY 8i0meopeHHIo pecypcie. Y pe-
KpeauitiHo-mypucmuyHomy 20cnooapcmei 00HUM 3 HAUBANCAUBIUUX 3A80aHb € GUSHAYECHHS
ma HeyxuabHe 0OMPUMAHHA NPUHYUNY eK0A020-eKOHOMIUHOT epeKkmugHocmi, ujo 0ae 3moey
ympumyeamu peKpeauiini 30HU Y HANeICHOMY CMaHi ma 3abe3nevyumu peHmabenbHicmo
DPeKpeauitino-mypucmu4Ho20 e0cnodapcmad.

Karouogi caosa: pexpeayiiini pecypcu, pekpeayiiino-mypucmu4Huil nomenyian, npupooo-
KopucmyeanHsi, iHmeepaivHi NpupooHi pecypcu, mepumopiansvha cmpykmypa, mypucmu4na
iHdycmpis.

TepuTopis Ykpainu € CKJIaJiHUM i po3Mai-
TUM KOMILJIEKCOM TeorpadivyHux, NpUpo-
HO-KJIMaTUYHUX, TIIPOJIOTIUHUX Ta IHIIUX
YUHHUKIB, & TAKOK PECYPCIB TBAPUHHOTO Ta
POCJIMHHOTO CBITY, YHIKATBHICTD CIIOTyUYEHHST
SKUX 00yMOBJIOE (DOPMYBaHHS He3BHUAL-
HOTO 34 BJIACTUBOCTSIMU PeKpealliiiio-03/10-
POBUOTO MOTEHIIIATY GHaraThOX PErioHIB HAIIO]
Kpainu. 3HauHa KIIbKICTh 00’€KTIB KyJIbTyp-
HOI Ta apXiTeKTYPHOI CIAJIIUHU, MYy3€iB Ta
IHIIUX TaM’STOK, IIOB’SI3aHUX 13 BUIATHUMU
iCTOPUYHUMU TOJISIMU Ta OCOOUCTOCTAMM,

© O.1. [Ipedor, K.O. Ba6irosa, 2020

BU3HAYAE BUCOKWII piBeHb NMPUBaBIMBOCTI
HAI[iOHAJIbHUX TYPUCTUYHUX MAPIIPYTIB JIJIs
Mi3HABAJIBLHOTO, PO3BAKAIBHOTO Ta MPUTOJ-
HUI[BKOTO [IPOBEJICHHS 103BLLIA. Y perioHax
Ykpainu cchopMOBaHO TAaKOXK JOBOJII TTIOTYKHY
iHQPaCTPyKTYypy TOCTHHHOCTI, PO3MIlIIeHHS
Ta 06CITYrOBYBAHHS BITYMBHSAHUX 1 3apyOisK-
HuX Typucris [1].

ITpobGiiema parioHaILHOTO IPUPOLOKOPHC-
TYBaHHs MOJIATAE B 3abe31edenHi BceGiuHoro
BUKODPUCTAHHSI, BITHOBJICHHS 1 30epeKeHHs
TIPUPOHUX YMOB 1 pecypciB pekpeaitii i3 ypa-
XyBaHHsIM 00’€KTUBHO icHy1ounx norped. s
il po3B’st3aHHs MOTPIGHO TIIMOOKO 1 BCEOIUHO
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