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IMPROVEMENT OF THE SYSTEM OF INDICATORS FOR MEASURING
THE ECOLOGICAL COMPONENT OF SUSTAINABLE DEVELOPMENT OF REGIONS

Abstract. Over the last decade «indicator thinking» has become more widespread. The need
to have a tool to assess the processes taking place, give them a retrospective analysis and try to
predict their future require the formation of appropriate indicators and quantitative indicators. These
trends are evident in the concept of sustainable development. This concept is based on the
development of sustainable measures: understanding the relationship between the economy, society
and the environment; supporting the equitable allocation of resources and preserving opportunities
for this generation and all future ones.

The article reflects a research initiative focused on data processing to improve the system of
indicators for measuring the ecological component of sustainable development of regions. In order
to characterize, classify and predict the conditions that may lead to sustainable regional
development, the Poltava region was used as a studied area. For the developing of the methods and
processing of data, the existing legal framework and national studies were taken into account, thus
setting the parameters for the key indicators that are necessary for the assessing the ecological
component levels of sustainable development. The calculation of the integrated indicator of the
ecological component of sustainable development of Poltava region and Ukraine was carried out in
the work based on the statistical methods and a number of data obtained for the period 2010—2020.
This makes it possible to make management decisions at the regional level, which in turn will
analyze the reasons for their deviation from the relevant indicators in the country as a whole.

The proposed system of indicators of sustainable development has the advantage that the
indicators included in it show the impact of anthropogenic pressure not only on the ecosystem, but
also the impact on economic activity through the degradation of natural resources. This system also
allows to assess the level of territorial disproportion, to identify the sources of the most negative
temporal-territorial environmental impacts, to assess the effectiveness of management decisions
implemented in the region.

Keywords: sustainable development, region, indicators, integrated sustainability indicator,
methodology, evaluation
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YAOCKOHAJIEHHSI CUCTEMU IHAUKATOPIB BUMIPFOBAHHSA
EKOJIOT'TYHOI CKJIAJJOBOI CTAJIOI'O PO3BUTKY PEI'TOHIB

AHoOTaNiAg. 32 OCTaHHE AECATHIITTS BCE IIMPIIE MOYMHAE PO3MOBCIOXKYBATUCS TaK 3BaHE
«1HIUKaTopHe MuUcieHHs». [loTpeba MaTu 1HCTpPYMEHT Ui OLIHKH IPOIIECiB, IO BiAOyBalOThCA,
JaTH 1M pPeTPOCMEeKTHBHUN aHami3 1 cropoOyBaTu mepeadaynTH ixHE MailOyTHE BHMAararTh
dbopMyBaHHS BIAMOBITHUX I1HAMKATOPIB 1 KUIBKICHUX MOKa3HUKIB. Lli TeHaeHmii sckpaBo
HpOSIBJ'I?IIOTI)CH B KOHLEMI[I] CTaJoro pO3BHUTKY, sKa IPYHTYETbCA Ha IOCTyJaTax: pPO3YMIHHSA
B3a€MO3B 3Ky MIDK €KOHOMIKOIO, CYCIIIBCTBOM 1 JOBKUUIAM; MiATPUMKA CIIPaBEIIMBOIO
pO3MOALTY pecypciB Ta 30€peKeHHs MOMIJIMBOCTEH JUIsl LOIO IOKOJIHHS 1 BCIX HACTYIHHX.
[ToTrpeOu Ta inTepecH roel He MAIOTh CYIIEPEUUTH IHTEpecaM 1 moTpedaM po3BUTKY MPUPOIH.

BinoOpaxkeHo JOCHIAHMIIBKY 1HIIIATHUBY, OpIEHTOBaHY Ha OOpOOKy MJaHUX JJId
YIOCKOHAJIEHHS! CUCTEMM 1HAMKATOpPiB BUMIPIOBAHHS €KOJOIIYHOI CKJIaJ0BOI CTaloro pPO3BUTKY
perioHiB. J{ns XapakTepucTUKHU, Ki1acu]ikalii Ta IPOrHO3yBaHHS YMOB, sIKI MOXYTb IPU3BECTH 10
CTaJIOr0 PETiIOHANIBHOTO PO3BHUTKY, JIOCIIIKYBAHOI TEpUTOpiet0 Oyyio BUKopHucTaHO IloaTaBcbky
obnacte. s po3poOieHHsT METOANKK Ta 0OpoOKH JaHuX OyJI0 BpaxOBaHO YMHHY NPAaBOBY 0a3y,
HAIllOHAJIbH1 JOCHIUKEHHS, TUM CaMHUM YCTAHOBIIIOIOUM HapaMeTpu AJs KIIOUOBHX IMOKAa3HUKIB,
HNOTPIOHUX JUI XapaKTEPUCTUKU PIBHIB €KOJOTTYHOIO KOMIIOHEHTA CTaJOro PO3BUTKY. 3A1HCHEHO
PO3paxyHOK I1HTErpajbHOTO IMOKa3HUKA EKOJOIiuHOI CKJIaJ0BOi cTajoro po3BUTKy IloaTaBcbkoi
oOmacti Ta YKpaiHM Ha OCHOBI CTaTUCTUYHHUX METOMIB 1 JaHUX, OTpUMaHuX 3a nepiox 2010—2020
pokiB. Lle 1ae MOXKIHUBICTh YXBaJICHHS yIPaBIIHCHKUX PIillIEHb HAa PiIBHI PETi1OHY, 10, Y CBOIO Yepry,
JIO3BOJIMTH MPOBECTH aHaNi3 MPUYHMH iX BIOXWICHHS BiJ BIJNOBITHUX MOKA3HHKIB y IJIOMY MO
KpaiHi.

3anpornoHoBaHa CUCTEMa IHIMKATOPIB CTANIOTO PO3BUTKY Ma€ TMepeBary, OCKIIbKH BKIIOUEH]
710 Hel OKa3HUKU TOKa3ylOTh BIIMB @aHTPOIION€HHOI'O HAaBAaHTAKEHHs HE TUIBKM Ha €KOCHUCTEMY, a
Il BIUIMB Ha TOCIONAPCHKY MISTIBHICTH Yepe3 JAerpajalilo MpUpPOIHUX pecypciB. Cucrema Takox
JIO3BOJISIE OIIHUTHA PIBEHb TEPUTOPIATBHOI JUCIPOIOPIIIHHOCTI, BHUSIBUTH JDKEpena HaWOIbII
HETaTUBHUX TEMIIOPAJIbHO-TEPUTOPIATbHAX E€KOJOTIYHUX BIUIMBIB, OIHUTH €(EKTUBHICTh
peaizoBaHMX y PerioH1 YIPaBIiHCHKUX PIIIEHb.

Knwouogi cnosa: cranuii po3BUTOK, PErioH, IHAUKATOPH, IHTETPOBAHUI MOKAa3HUK CTIHKOCTI,
METO/I0JIOTIS, OLIIHKA.
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Introduction. Over the years, the evolution of the concept of sustainable development has
provided various definitions, interpretations and tools. The basic definition of sustainable
development involves the relationship of three dimensions — environment, economy and society.
Each of these dimensions is as important as the other. Sustainable development has become a
political goal of the United Nations. This was stated at several summits and Conferences in Rio
(1992) [1], in compliance with the Johannesburg Declaration (2012) and Resolution A/RES/70/1
adopted by the UN General Assembly in 2015. Ukraine has undertaken a Voluntary National
Review of the Sustainable Development Goals and presents it at the High-Level Policy Forum on
Sustainable Development on July 10—17, 2020 in New York [2].

Ukraine, alike other UN member states, participates in the global process of sustainable
development. In recent years, considerable work has been done to adapt the sustainable
development goals considering the domestic context. As a result a national strategic framework for
Ukraine for the period up to 2030 has been formed.

Within this strategy there appears a necessity to develop a regional policy based on the
principles of sustainable development. To do this, it is obligatory to have indicators that make it
possible to determine the state and dynamics of regional development within sustainable
development components.

Sustainable development of the region involves taking into account economic,
environmental and social aspects, which can be measured by many indicators. However, each
region is a complex, dynamic system represented by the availability of different resources,
territorial features, and different expectations and capabilities of territorial communities. Therefore,
determining of specific indicators of sustainable development appears to be a complicated task.

Undoubtedly, all aspects of sustainable development are important. However, for this
research it was decide to focus on the ecological composition at the present stage, developing
indicators of the ecological development of the region.

Whilst developing mentioned indicators, the capabilities of statistical information of the
region and existing methods of their calculation at the state level were used to the maximum.

Analysis of research and problem statement. Ukrainian scientists are actively engaged in
research on the sustainability of regional development, specifically the problems of forming a
methodology for assessing the sustainability of regions in Ukraine. In particular, B. Danylyshyn [3]
studied the problems of the formation of modern state regional policy and economics
of environment in sustainable development context. Z. Gerasymchuk [4] conducts a thorough study
of the methodology and mechanism of regional sustainable development policy implementation.
I. Goryana [5] investigated the existing methodological approaches to assessing the sustainable
development of regions and proposed a method of calculating a single integrated indicator
of sustainable development. N. Schlafman and N. Umanets [6] substantiated the expediency
of creating a single sustainable regional development model for further development of regional
development strategies. Researchers have also adapted global methods for assessing regions’
resilience and systematized measures to ensure SDGs in Ukraine [7]. S. Kozlovsky [8] and co-
authors determine the feasibility of developing an indicative plan for developing the region and as a
tool for using targeted planning. 1. Zaykov et al. [9] studied the impact of demographic processes on
the national economy of sustainable development using statistical analysis, which used the main
national and regional indicators of sustainable development. The issues of sustainability analysis are
becoming especially relevant now. Nevertheless, the problem is that not all developed methods are
suitable for practical application due to a lack of sufficient statistic data and lack of a single unified
assessment methodology, which complicates the analysis of both global and regional trends.

Unsolved aspects of the problem. Despite a number of scientific studies on this issue, the
formation of a technique for estimating sustainable development of regions in Ukraine is
insufficiently investigated.

The purpose of the article. The study aims to propose improvement to the system of
indicators for measuring the ecological component of sustainable development of regions for
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regular monitoring of their progress in achieving sustainable development goals and their further
use in assessing the sustainability of the regions of Ukraine.

Research results. To assess the process of regional development, it is necessary to form a
set of appropriate indicators that determine the ecological component of sustainable development.

The study was based on the following assumptions:

— indicators should be representative for the structure and dynamic behavior of the
system,;

— indicators should be built on a spatial and temporal scale that corresponds to ecological,
economic, and social phenomena;

— indicators must be presented in a format suitable for decision-making, that is
quantitatively, legibly and transparently;

— indicators must be sufficient for forecasting.

For Sustainable Development Goals to become effective strategic planning elements at both
national and regional levels, it is necessary to create a relevant tool for their assessing. Poltava
region was used as an example to calculate the integrated indicator of the ecological component of
sustainable development of the region. The air index (L4r), the land resources index (Ir4y), and the
water resources index (Iw4r) wWere included in calculating the integrated indicator for the following
reasons.

Land plays a fundamental role in the ecological component. Conserving and restoring land
resources can play a crucial role in opposing climate change by providing biodiversity and
supporting important economic services that simultaneously offer the common organization
prosperity and well-being. Productive lands can be an engine of economic growth and a livelihood
source for many regions of Ukraine, including Poltava region. Therefore, the relevant integrated
indicator of regional sustainable development’s environmental component includes the land
resources index (Ip4y). Poltava region has relatively significant land resources. The land fund of
Poltava region is 2875.1 thousand hectares. Agricultural development of the region is 75.3 %,
plowing — 61.7 %, forest cover — 9.95 %. Over the past 10 years agricultural development of the
region has decreased by 0.5 %, on the contrary plowed land gradually increased by 0.3 %. Poltava
region is one of the most prosperous regions in terms of fertile soil reserves. Arable land is 90%
represented by fertile black soils and their varieties (about 18 types) [10—12].

The state of the air environment in Poltava region remains one of the important regional
environmental problems. The level of air pollution in the region is determined by the volume of
pollutants’ emissions from stationary and mobile sources. Therefore, to assess the change in the
dynamics of the integrated indicator of the ecological component of sustainable development of the
region, the air index (L4g) 1s included.

In hydrogeological terms, Poltava region belongs to the Dnipro artesian basin and occupies
the central and southeastern part of the Donetsk-Dnipro basin. Analysis of water sources’ current
ecological state shows that the negative processes in rivers, reservoirs, and ponds continue. Most
rivers and streams are silted up, overgrown with swamp vegetation and shrubs, have lost their
natural significance, have no drainage capacity, resulting in which floodplains are swampy and
flooded, and are not used in agriculture [10; 13—15]. Thus, an important characteristic of the
region’s ecological component of sustainable development is the water resources index (Iwar).

All indicators that affect the components of the above indices are measured in different units
and interpreted differently [16—18]. Therefore, they should be brought to a normalized form so that
their changes, like the indices themselves, are in the range from 0 to 1. Under these circumstances,
values close to 0 will correspond to the worst indicators of the indicator, and the best ones will
approach 1 accordingly.

The relevant set of components of the integrated indicator of ecological development of the
regional level formed on the basis of statistical data is given in Table 1.
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of sustainable development of the region

Table 1

Air index IAIR

Land resources index /I v

Water resources index Iy,

Weight Weight Weight
factor factor factor
INO, — average 0.09 area of agricultural 0.16 | ISS — the average annual 0.22
concentration of nitrogen land, % of the total concentration of suspended
dioxide in the air of cities, area of the region solids is averaged over the
share of MPC' control targets of water bodies
of the region, share of MPC
IS0, — the average 0.09 | built-up land, % 0.21 IMIN — average annual 0.18
concentration of sulfur of the total area mineralization is averaged over
dioxide in the air of cities, of the region the control targets of water
share of MPC bodies of the region, share
of MPC
INOX — emissions 0.1 forests and other 0.32 | INIT — the average annual 0.19
of nitrogen oxides on the wooded areas, % concentration of nitrates is
area in the reporting year of the total area averaged over the control
(t/km?) of the region targets of water bodies
of the region, share of MPC
ISOT — emissions of sulfur 0.08 application 0.31 IWAV — water was taken 0.21
dioxide, on the area in the of mineral from natural sources
reporting year (t/km?) fertilizers (t per ha) (m® per year per capita)
IVOC — emissions 0.05 IGAV — water was taken 0.20
of non-methane volatile from natural underground
organic compounds to the sources(m’ per year per capita)
area in the reporting year,
(t/km?)
IEMAT — emissions 0.2
of pollutants from road
transport in the reporting
year, (thousands t)
IEKM — emissions 0.11
of pollutants into the
atmosphere from stationary
and mobile sources,
to the area in the reporting
year, (t/km?)
IEPC — emissions 0.12
of pollutants into the
atmosphere from stationary
and mobile sources,
per capita (kg)
ICO; — carbon dioxide 0.25

emissions per person
(kg per year)

Source: based on [10].

The weights of indicators used in the calculation of these indices were determined on the basis
of an expert survey of specialists in the fields of ecology, agriculture, as well as representatives of

local communities.

The values of the calculated indices and the integrated indicator of the ecological component
of the regions” sustainable development are introduced in Table 2.

' MPC — maximum permissible concentration.
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Table 2

Integrated indicators of the ecological component of sustainable development
of Poltava region and Ukraine

. R An integrated indicator
An integrated indicator .
- Land Water . of the environmental
Air index of the ecological component
Year resources resources . component
Lig . . of sustainable development .
index I 4 index Iy r of Poltava resion of sustainable
g development of Ukraine
2010 0.139 0.153 0.199 0.491 0.476
2011 0.072 0.117 0.233 0.422 0.482
2012 0.064 0.149 0.199 0.412 0.469
2013 0.057 0.149 0.236 0.441 0.389
2014 0.094 0.149 0.257 0.500 0.518
2015 0.198 0.150 0.175 0.523 0.483
2016 0.219 0.150 0.116 0.485 0.577
2017 0.211 0.171 0.261 0.643 0.673
2018 0.228 0.201 0.173 0.602 0.698
2019 0.317 0.095 0.263 0.674 0.687
2020 0.312 0.114 0.257 0.684 0.712

Source: calculated by authors.

Analyzing the calculated indices of the integrated indicator of the ecological component of
sustainable development of Poltava region, it was found out that the ecological pressure on the air
and water resources in this region has decreased. In contrast, the state of land and forest resources
has deteriorated.
The dynamics of the integrated indicator of the ecological component of Poltava region and
Ukraine’s sustainable development is shown in Fig.

o

An integrated indicator of the environmentai component of sustainabie

development of Ukraine

Fig. Dynamics of the integrated indicator of the ecological component

of sustainable development of Poltava region and Ukraine
Source: developed by authors.
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As shown in Fig., integrated assessment is the simultaneous rationing of both sustainable
development indicators and their threshold values. This allows to compare the dynamics of the
integral value on one scale, in other words to assess the state of sustainable development. In
particular, the values of the ecological component of the integrated indicator of sustainable
development of the Poltava region and Ukraine for the specified period.

The integrated indicator of the ecological component of sustainable development [19—21],
in general, can be understood as a quantitative tool that analyzes changes, measuring and reporting
progress towards sustainable use and management of environmental resources.

For sustainable use and management of economic, social, institutional, and other resources
also see the feasibility of calculating the relevant indices and aggregates using the above
methodology.

Conclusion. Creating integrated, aggregate indices of sustainable development is a crucial
task. As a result, it is a convenient tool for rapid analysis of development and, therefore, the ability
to adjust actions in natural resources management and environmental protection at the regional
level.

The calculated integrated indicator can be used to justify decisions by quantifying and
simplifying many indicators, to facilitate access to information for different categories of users and
helps to interpret changes.

The use of an integrated indicator of the ecological component of sustainable development
also has prospects for management decisions at the regional level, which in turn will analyze the
reasons for their deviation from the relevant indicators in the country as a whole.
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