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APPROACHES TO ASSESSING THE SUSTAINABLE DEVELOPMENT OF THE
COMPLEX GREEN ZONE OF THE CITY

In the article the system of indicators for assessing the balanced functioning of the complex green zone of the city
are suggested and substantiated in accordance with the concept of sustainable development. There are distinguished
three groups of criteria: ecological, social, and economical. In accordance with each group of criteria there are criteria
categories suggested: bioecological, geoecological, landscape and climate-regulating - ecological group,; recreational,
educational-cultural, and quality of life - social group; market-based and planning - economical group. Each category
corresponds to the system of indicators: 27 indicators for the ecological group criteria, 20 for social and 9 for the
economical group. The suggested approach to differentiating the criteria for the assessment of the sustainable functioning
of the complex green zone of the city allows to summarize and integrate the data about the green zone of the city, define
its strong and weak points, and develop a plan for the management of its territories and increase resilience to human
induced pressures.

The assessment of the balanced functioning of the complex green zone of Ternopil city was carried out in
accordance with the functional-territorial approach. The main geospatial parameters have been defined: deficit of green
planting of the forest-park area of CGZC is 614.5 ha, forestry - 2889.5 ha., the deficit of green planting of restricted use
is 12 ha, green planting of special-purpose - 62.5 ha., the level of the greening of the city neighborhoods is 4.5 m*/person
(at a standard of 6 m*/person). Based on the results of the functional parameters calculations it has been established that
to «provide oxygen» to the residents of Ternopil it needs to increase the area of forests in the forest-part district of CGZC
by 83.5 ha to ensure the optimal indicators of recreational capacity of this area, it is essential to increase the area of
parks by 90 ha and forests by 965 ha. In Ternopil, the speed of the maximum flow is 6 million m*/hour with the rainfall
intensity of 55 mm/hour, while the sewerage network of the city can only handle the flow of 30 thousand m’/hour .
Therefore, it could be argued that the complex green zone of Ternopil city is characterized by the imbalance of the main
functional-territorial parameters and requires the implementation of the optimization measures..

Key words: sustainable development, complex green zone of the city, indicators, normative parameters, city of
Ternopil.

Introduction. The need to develop criteria development of settlements and cities [1, 8, 15, 19],
for sustainable development was identified in but, none of them takes into account the role of the
«Agenda for the XXI century». In the fortieth complex green zone in ensuring the sustainable
chapter of the document states: «In order to create development of the city. It is necessary to pay
a reliable basis for the decision-making process at attention to the need to determine the quantitative
all levels and to promote the sustainability of and qualitative parameters of the balanced
integrated environmental and development functioning of the complex green zone of the city
systems, it is necessary to develop indicators of as an object of geoecological research. The urgency
sustainable development» [14]. At the present of this problem is growing every year due to the
stage of scientific research on the sustainability of intensification of urbanization, compaction of
cities, there is no single approach to the diagnosis buildings, increasing anthropogenic pressure on the
of sustainable development of settlements. Most natural component of the urban ecosystem.
research differ in methods for determining the Literature review. Issues of sustainability
number of indicators and their content. From the of the complex green zone of city as a component
paradigm of the XXI century, it can be argued that of the urban ecosystem in modern scientific
the sustainable development of the city is based on publications have not been covered. The developed
the principles of balanced economic, social and methods for assessing the sustainable development
ecological development. According to the of settlements [1, 8, 15, 18] include indicators that
International dimension of sustainable reflect the state of green spaces in cities, but they
development, sustainable urban development is are not aimed at diagnosing the green zone and
assessed using an appropriate index in three cover only certain aspects of its functioning.
dimensions: economic, social and ecological. The Approaches to the formation a system of indicators
sustainable development Index is considered as an sustainable urban development are published in the
integrated assessment that takes into account all works Lisovskyi S. [7], Niemets L. [13], Nazaruk
three dimensions of sustainable development and M. [11, 12], Mozghovyi A. [10], Fesyuk V. [19],
reflects the relationship between three inseparable Lubinsky O. [9], Lotysh O. [8], Poznijak I., Tsaryk
areas of public life: economic, social and N. [15] ets. Covered the problem of the level of
ecological. There are other approaches to landscaping of a number of small towns as an
determining the criteria for sustainable indicator of sustainable development in her
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publications Zibtseva O. [3], Approaches to the
formation of the management strategy of green
zones of Lviv were studied Zahvoyska L. &
Savchyn V. [2]. Ecosystem services of the city's
green zones were evaluated Pryshchepa A. [16],
Zubach V. [4] ets.

The purpose and objectives of the study.
The purpose of the published work is to analyze
and substantiate the approaches of choosing the
system of indicators for the sustainable functioning
of the complex green zone of the city (CGZC). For
the achievement of the purpose the following tasks
have to be implemented: to develop and
substantiate indicators of balanced functioning of
the complex green zone of the city based on the
concept of sustainable development; to assess the
level of sustainable development of the complex
green zone of Ternopil city and to determine the
deficits of its main parameters according to the
territorial-functional approach.

The main  material. Sustainable
development indicator - is the indicator (usually
quantitative) that reflects the economical, social,
and ecological development of the studied object
(territory) in a particular region, and has such
properties as simplicity of interpretation, wide
range, integration, sensitivity to changes in space
and time, quantitative definition, predictability [18,
p. 14]. The development of the system of indicators
should be based on certain criteria. An indicator -
is information gathered from some specific

problem that allows to simplify it and choose the
most optimal solutions [1].

According to the concept of sustainable
development, we suggest distinguishing three
groups of criteria for the balanced functioning of
the complex green zone of the city: ecological,
social, and economical. The criteria of the
ecological group include 4  categories:
bioecological, geoecological, landscape and
climate-regulating. The criteria of the social group
include three categories: recreational, educational-
cultural, and quality of life. The criteria of the
economical group include two categories: market-
based and planning. Specific quantitative and
qualitative indicators correspond to each category
criteria of the sustainable functioning of the CGZC.
We have suggested 27 indicators for the ecological
group criteria, 20 indicators for the social group
and 9 indicators for the economical group (tabl. 1).
This approach to differentiating the criteria for the
sustainable functioning of the CGZC allows to
summarize and integrate the information about the
green zone of the city, define its strong and weak
points, and develop a plan for the management of
its territories in the long term. The development of
CGZC is considered balanced, once the indicators
find their qualitative and quantitative reflection.
These data will substantiate the full functioning of
the complex green zone of the city and the
realization of its main potentials.

Tabl. 1

Criteria for sustainable development of the complex green zone of the city

Group Category

Indicators

Oxygen production by green planting and forests (m?); oxygen production by
natural biogeocenoses (m?); assimilation of CO; by green planting of the forest-

Bioecological

park part (m®); assimilation of CO, by forests of the complex green zone of the city
(m®); oxygen balance of the urban ecosystem (m?); ability of the green planting to
emit volatiles (in points); resistance of the green planting to gas and dust emissions
(in points).

Geoecological

The general arca of the complex green zone of the city (ha); the area of the forest-
park part (ha); the number of species of flora and fauna that are protected in the
territory of the complex green zone of the city; the level of noise pollution in the

parks; quality (bonitet) and completeness of forest plantations of the complex green
zone of the city.

Ecological

Landscape

The forest cover within which of the complex green zone of the city is formed (%);
the share of lands of the complex green zone of the city which is included in the
local ecological network (%); preservation level of the complex green zone of the
city (%); share of water lands and swamps (%); landscaping of parks (%);
landscaping of the streets and residential areas (%); providing of the
neighbourhoods of the city with the green planting (m?person); share of natural
lands in the structure of land use of city (%).

Climate-
regulating

Average monthly air temperature in the parks, squares and boulevards (°C);
average and maximum wind gust speed in the complex green zone of the city (m/s);
average monthly relative humidity in the parks, squares and boulevards (%);
volume of runoff from the city surface (m?); speed of maximum runoff from the
surface of the city (m® per hour); probability of flooding territory of the complex
green zone of the city.
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Social

Recreational

Recreational capacity of the parks (persons); recreational capacity forest of the
complex green zone of city (persons); recreational capacity forest of the forest-park
part (persons); recreational capacity water bodies (persons); permissible
recreational load of the complex green zone of the city (persons/m?); capacity of the
forestry part suitable for agriculture (persons).

Educational-
cultural

Aesthetic evaluation green planting (in points); number of arboretums in
educational institutions; the number of ecological-educational routes in the territory
of the complex green zone; the number of environmental-educational activities and

actions held in the city for planting greenery; the number of residents who joined
the action on landscaping of the city.

Quality of life

The utilization factor of the green planting (%); the number of information
materials (QR-codes) on the objects of the complex green zone; the number of
sports grounds and art locations in the parks; the number of playgrounds in the

parks, squares and boulevards; light level the parks of the city (%); quality of the
alley network of the parks and squares (in points); the number of administrative
violations in the field of greenery handling; satisfaction of the city population with
the condition of green planting (in points); accessibility of the green areas.

Economic

Market-based

The cost of real estate on the streets adjacent to the green areas (8$); the cost of real
estate on the streets remote from green areas ($); the amount of funding for
landscaping and care for green planting ($).

Planning

The number of new buildings near parks, squares and boulevards; the level of
digitalization of green areas of the city (%); the width of water protection zones and
coastal protection strips along water bodies of the complex green zone (m);

stocktaking of the green planting; approved project (scheme) of the complex green

zone of the city

Another approach that can be used to assess
the balanced functioning of the CGZC is based on
functional-territorial criteria. The complex green
zone of the city, as a natural framework of the
urban ecosystem, includes two main aspects -
functional and spatial. The functional aspect covers
the processes of oxygen production, assimilation of
pollutants, development of micro-climatic
conditions, providing the residents with recreation
areas, etc. Geospatial is, above all, the norms of the
greening of the city and the neighbourhood, the
accessibility of the green planting, formation of a
protective zone around the populated place, etc.
Definition of the quantitative functional-spatial

parameters of the CGZC provides an answer to the
question of the urban ecosystem balance in general
and the complex green zone of the city in particular
[6].

The assessment of the balanced functioning
of CGZC Ternopil was carried out according to the
functional-territorial approach. Two groups of
criteria (functional and geospatial) comply with the
specific factors (indicators), which were previously
defined for CGZC Ternopil. The results of the
assessment of the sustainable functioning of CGZC
Ternopil showed that the object of the investigation
did not meet the normative functional-spatial
parameters according to most indicators (tabl. 2).

Tabl. 2
The results of the assessment the functioning of the complex green zone of Ternopil city
Criteria The real The optimal
Indicator indication in the | indication for the | Deficit
groups Ternopil city Ternopil city
The area of the forest-park part 2690 ha 3304,5 ha 614,5 ha
The area of the forestry part 7276 ha 10 165,5 ha 2889,5 ha
The general area o(f)' ;l: t;:,omplex green zone 9966 ha 13 470 ha 3504 ha
- Landscaping of the neighbourhoods of city 4,5 m*/person 6 m*/person 33,5ha
g= The area of the gr. planting of restricted use 321 ha 333 ha 12 ha
§* The area of the special-purpose gr. planting 433 ha 495,5 ha 62,5 ha
3 Preservation level of thg complex green 16,7% 20% 3.3%
zone of city
The area forest of the forestry part 4550 ha 6735 ha 2185 ha
Landscaping of parks 72,5% 65% -
Landscaping of the residential areas 35% 30% -
Landscaping of the educational institutions 45% 50% 8 ha
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Recreational capacg éorest of the forestry 17 850 persons 66 090 persons 965 ha
Recreational capacity forest .of the complex 245350 persons 80 820 persons )
green zone of city
Recreational capacity of the parks 13 037 persons 22 030 persons 90 ha
Recreational capacity water bodies 5 500 persons 22 030 persons 1023 ha
_ Capacity of the fo.restry part suitable for 9678 persons 22 030 persons )
S agriculture
g -
g The area forest is necessary for oxygen 357 ha 440.5 ha 83.5 ha
g production
= . 139310,5
Oxygen production by natural 21 815 tons per 161 125,5 tons {OnS Dor
biogeocenoses of Ternopil city year per year yeai
The area of greenery is necessary for 2691 ha 1101,5 ha )
assimilation CO;
The speed of maximum runoff from the 6 ml. m® per hour 30 thousands m* )
surface of the city of Ternopil P per hour
The utilization factor of the green planting 24% 50% -

It has been established that the deficit of
green planting of the forest-park part of CGZC is
613.5 hectares, forestry part — 2889.5 hectares. In
general, the deficit of planting of CGZC Ternopil
is about 3.5 thousand hectares. The level of the
greening of the city neighborhoods is 4,5 m*/person
(at a standard of 6 m?/person) [20]. The deficit of
green planting of restricted use is 12 hectares,
special-purpose — 62.5 hectares. It is necessary to
increase the area of protected objects by 1032
hectares to form the optimal level of the preserved
territory of the CGZC Temopil. It is essential to
increase the forest area in the forest-park part of
CGZC by 83.5 hectares to «provide oxygen» to the
residents of Ternopil. It needs to increase the area
of parks by 90 hectares and forests by 965 hectares
to ensure the optimal indicators of recreational
capacity of the forest-park part of CGZC Ternopil.

Conclusions. The suggested scientific-
methodological approaches to assessing the
sustainable development of the complex green
zone of the city are not unified and can be
transformed according to the characteristics of the
object of study. The total deficit of green planting,

which is about 3.5 thousand hectares, was defined
by using the functional-territorial approach to
assessing the balanced functioning of CGZC
Ternopil. Based on these findings and a number of
other calculated indicators point to the conclusion
that CGZC Temopil is characterized by the
imbalance of the main functional-territorial
parameters. The spatial deficit of green planting
affects the functional potential of the complex
green zone of the city. Non-compliance of CGZC
with normative parameters increases the ecological
risks of sustainable functioning of the Ternopil
urban ecosystem. It, therefore, becomes a necessity
to optimize the structure of CGZC Ternopil and
substantiate the optimization model of the land use
of its territory. The general plan of the city,
neighbourhoods detailed housing plan and the
design of new residential areas must be developed
taking into account functional and spatial
parameters of CGZC. According to the principles
of landscape-ecological territory planning, it is
necessary to increase the area of the forest-park
green planting and the forestry woodlands of
CGZC Termopil.
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Anoramisi:

Tzop Kysux. TIIXOU 10O OITHKY CTAJIOT'O PO3BUTKY KOMITJIEKCHOT 3EJTEHOI 30HU MICTA

V crartTi, BiITOBiTHO 0 KOHIIEMIIii CTAJIOTO PO3BUTKY, 3aIPOIIOHOBAHO Ta OOTPYHTOBAHO CHCTEMY iHIMKATOPIB
JUIsl OLIHKK 30alaHcoBaHOTO (PYyHKI[iOHYBaHHS KOMILIEKCHOI 3elleHOoi 30HM MCTa. BHIIIGHO TPH TPyIHM KpHTEDiiB:
€KOJIOTi9Hi, COIiaNbHi Ta eKOHOMIiTHi. BimoBiHO 70 K0XKHOT TpyIIH 3aIIPOTIOHOBAHO KaTeropii kpurepiiB: GioekonoridHi,
Te0eKOJIOTi4Hi, TaHAmadTHI, KIiMaTopeyIodi — eKOJIOTidHA TPYyIIa; peKpealiiiHi, OCBITHBO-KYJIBTYPHI, SKiCTh XXKHTTS —
colliaTbHA TPYIA; PUHKOBI Ta IJIAHYBaJIbHI — eKOHOMiTHA rpymna. KoxHiil kateropii BigmoBigae cucreMa iHgukaTopis: 27
JUTs exonorigHoi rpyrm, 20 ams coniakHOT TPy i 9 Jy1s eKoHOMiTHOT TpynH. 3anponoHOBaHUH TIiIXiz AudepeHianmii
KpHUTEPIiB ISl OLHKK CTaJOTO PO3BUTKY KOMIUIEKCHOI 3€lI€HOI 30HM MiCTa JO3BOJISIE Y3aralbHHUTH Ta iHTErpyBaTH
BiZIOMOCTI IIPO 3eJIeHy 30HY MicCTa, BH3HAUHTH ii cJ1abKi Ta CHIIbHI CTOPOHH, PO3POOUTH MEHEDKMEHT-IUIaH YIIPABIiHHS
il TepuTOpPiSIMYM Ta IMiBUILYBATH CTiHKICTB IO aHTPOIIOTEHHHUX HABAHTAKEHB.

3a ¢}yHKIiIOHATEHO-TEPUTOPIAIGHAM THIXOAOM TPOBEJACHO OILIHKY 30aJaHCOBAaHOTO (YHKIIOHYBaHHS
KOMIUIEKCHOI 3eneHoi 30HM Micta TepHomine. Bu3HaueHO OCHOBHI reompocTopoBi mapamerpu: aedinmur 3eneHux
HACAJI>KCHB JIiCOTIAPKOBOT YaCTHHH KOMILIEKCHOT 3¢JIeH01 30HH MicTa — 614,5 ra, micorocnogapcekoi — 2889,5 ra, nedimr
3CJICHUX HACaKCHb 0OMEXKEHOTO KOPHCTYBaHHA — 12 ra, 3eJICHMX HACAJKCHP CICLiaIbBHOTO MpH3HAdeHHS — 62,5 ra,
piBeHE 03eneHeHHs MikpopaiioHiB MicTa TepHomiie cTanoBHTE 4,5 M*/0c0o6y (1pr HOpMi 6 M*/0coBy). 3a pe3yIBETaTAMI
PO3paxyHKiB G yHKITiOHATEHUX TApaMETPiB BCTAHOBJICHO, IO JJIA «3a0¢31ICUeHHEI KHCHEM)» MEIIIKAHIIiB MicTa TepHOMLIE,
HeoOXifHO 30UIBIIMTH ILIONIY JICIB y JHCOMAPKOBiH YACTHHI KOMIUICKCHOI 3ejeHoi 30HM Micta Ha 83,5 ra, a mia
3a0e3MeueHHs ONTUMAaTBHIX NMOKa3HUKIB pPekpeariiHoi eMHocTi 1iel Tepuropii, moTpiOHO 361MBIMMTH IUIOITy NapKiB Ha
90 ra Ta jiciB Ha 965 ra. Y micti TepHONIB, TPH iHTEHCHBHOCTI OIAZiB 55 MM/TO]I, IMBUAKICTE MAKCHMAIIBHOTO CTOKY
CTaHOBHTE 6 MJIH. M>/rol, IIPH IEOMY, KaHAIli3aIliiiHa MEpexka MiCTa MOKe CIPAaBHTHCH JMINE 3i crokoM 30 THC. M3/rog.
Taknm 9HHOM, MOXKHA CTBEPJIKYBATH, IO KOMILICKCHA 3€JICHA 30Ha MicTa TepHOMIb XapaKTepH3YEThCs auchanancoM
OCHOBHHX ()YHKITIOHATBHO-TIPOCTOPOBHX TIapaMeTpiB Ta motpebye pearizaiii onTiMi3aliifHIX 3aX0/IiB.

K.1ro40Bi ci10Ba: cTanmii pO3BUTOK, KOMIIEKCHA 3€JIeHa 30Ha MiCTa, iH[MKaTOpH, HOPMATHBHI TapaMeTpH, MiCTO
TepHOMis.

AnHOTALIHN:

Hzops Kysux TIOIXO/bI K OIIEHKE YCTOMYMBOI'O PASBUTHA KOMITJIEKCHOM 3EJIEHOM 30HBI
TOPOIA

B cTaThe, COTTIacHO KOHLICTIIMK YCTOMIHBOTO PAa3sBUTHS, IPEI0KEHO ¥ 0O0OCHOBAHO CHCTEMY HHAMKATOPOB IS
OlLIeHKM cOaaHCHPOBaHHOTO (YHKIIOHMPOBAHMS KOMIUIEKCHOM 3€IEeHOH 30HBI TOpOJia. BEIENEHBI TPH TPYIHIBI
KPHTEPHEB: 3KOJIOTHIECKHE, COLMAIBHEIC H SKOHOMIIECKHE. J[0 KaXI0# IPyIIIBI IPeI0KEHO KATETOPHH KPUTCPHCB:
OHO5KONOTHIECKHE, TEO03KONIOTMIeCKHe, JaHAmadTHeIe, KIAMATOPETYIUPYIONME — JKOJOTHIECKas TPYIa;
peKpeanroHHbIe, 00pa30BaTENBHO-KYIIBTYPHEIE, KA9ECTBO KH3HM — COLMANIbHAS TPYIINIA; PHIHOYHEIE U INIaHUPOBOTHEIC
— BKOHOMHUYECKas Tpymma. Kaxoi KaTeropuy COOTBETCTBYET CHCTEMa WHAWKATOPOB: 27 I DKOJIOTHIECKOM TPYIIIIEL,
20 uts cCONMANBHOM TPYIIEI M 9 [T 3KOHOMHUYECKo# rpymmsl. [IpemnoxkenHsiii nogxox auddepeHIpanuy KpuTeprues
JUIA OILICHKH YCTOWYMBOTO Pa3BUTHS KOMIUICKCHOM 3€JICHOM 30HEI TOpOja MO3BOJIICT O0OONMTE M MHTETPHPOBATH
CBEJICHHSI O 3€JIEHOH 30He ropoja, ONpeienwTh ee cilabble W CHIBHBIE CTOPOHEI, Pa3paboTaTh MEHEIKMEHT-TUIaH
YIpaBJICHUS €€ TCPPUTOPHAMH U TIOBHIIATE YCTOWIMBOCTE K aHTPOTIOTEHHEIM Harpy3KaM.

ITo ¢yHKIMOHANBEHO-TEPPHTOPHUAIIEHOMY TIOAXOAY IPOBEZEHa OlICHKa cOaNaHCUPOBAHHOTO (YHKIIMOHHPOBAHHS
KOMIIIEKCHO# 3eleHo# 30HsI ropojia TepHonons. OnpeeeHbl OCHOBHBIE TEONPOCTPAaHCTBEHHBIE ITapaMeTphl: JeduImT
3CJICHBIX HACAXKICHUI JISCOTIAPKOBO# JaCTH KOMILICKCHOM 3CJICHOH 30HEI Topoza — 614,5 ra, JeCOX03SHCTBCHHOM —
2889,5 ra, medumnT 3€IEHBIX HACAKACHUI OTPaHHMYICHHOTO MOJIB30BAHUS — 12 T4, 3eJICHBIX HACAKACHMI CIEeIHAIEHOTO
Ha3HAUCHMS - 62,5 Ta, YPOBSHE O3€/ICHCHHUS MUKPOpPaitoHOB roposia TepHonoms cocTasisier 4,5 M2 / 9en (IIpu HopMe 6
m*/uen). Tlo pesynbTaTam pacueTos GyHKIMOHATHHBIX TAPAMETPOB YCTAHOBJIEHO, UTO VIS «0BECTIETEHNST KHCIIOPOIOM»
Kkwuteneit ropoga TepHoOmoMb, HEOOXOAUMO YBEIMUHTS IUIOMAAE JISCOB B JICCOTIAPKOBOM JACTH KOMILIEKCHOM 3¢JICHOM
30HHBI TOpoza Ha 83,5 ra, a Jus1 obecriedeHHs ONTHMANBHBIX TIOKa3aTelned peKpeallMOHHONH eMKOCTH 3TOH TepPHTOPHH,
HY’)KHO YBEIIMIUTH IUIOmaas napkoB Ha 90 ra u necoB Ha 965 ra. B ropone TepHONONB, MPH HHTEHCUBHOCTH OCAZIKOB 55
MM/42C, CKOPOCTh MAKCHMAIBHOTO CTOKA COCTARJIAET 6 MITH. M>/44C, IPH 3TOM, KAHAJH3AIMOHHAS CETh TOPOA MOXKET
CIIPABHTECA TONBKO ¢O cTokoM 30 Teic. M*/aac. Takum 06pa3oM, MOXKHO YTBEPXKIATE, UTO KOMIUIEKCHAS 3€JICHAS 30HA
ropoga TepHOMONb XapakTepu3yeTcs AUCOATaHCOM OCHOBHEIX (DYHKIMOHAJIBHO-TIPOCTPAHCTBEHHBIX IapaMETPOB M
TpebyeT pearn3alyy ONITHMH3AIMOHHBIX MEPOTIPHSTHIA.

KiioueBble cj10Ba: yCTOHIHBOE Pa3BUTHE, KOMIUIEKCHAs 3€leHas 30Ha Topojia, MHAVKATOPE, HOPMAaTHBHEIE
TIapaMeTphl, ropol TepHOIOE.
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