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Abstract

The article is devoted to a comprehensive assessment and improvement of the level of 
regional development on the basis of determining the effectiveness of the mechanism 
of sustainable development of the region, developing methodical principles for the 
formation of regional and local strategies for ensuring sustainable development.

The purpose is to substantiate the methodology and means of integral assessment to 
implement the principle of equalization of sustainable development of regions in the 
aspect of information and innovation support by means of theories of social develop-
ment, systems, clustering of the economy and economic information theory.

A methodological approach was proposed for assessing the level and trends of sus-
tainable development of the region, based on the analysis of declarations, program 
and final documents of UN conferences on economic, social and environmental issues. 
The approach is based on the use of an integral index whose evaluation and analysis 
results can be used to solve problems and are implemented in the process of making 
sound management decisions. This approach made it possible to formulate, by means 
of factor analysis, a refined system of indicators that characterize economic, social and 
environmental sustainability parameters.

The typical groups of industrial regions of Ukraine were identified and the level of 
socio-ecological and economic development was assessed. This made it possible, based 
on the procedures for reducing the dimension and constructing generalized indicators, 
to calculate the rating for each calculated integral indicator as a generalized estimate. 
The calculations that have been carried out make it possible to determine the trends 
of sustainable development of individual regions on the factors of development and to 
justify promising directions for effective growth and negative trends, which require the 
greatest attention from the state authorities and local self-government bodies.
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INTRODUCTION

The formation of an effective system for performing quantitative and 
qualitative evaluation is an important problem in the implementation 
of the concept of sustainable development. Its main requirements are 
information completeness and the adequacy of the presentation of 
the interrelated triad of components of sustainable development. The 
imbalance of the social, economic and environmental components is a 
major cause of Ukraine’s failure to achieve such development.

The effectiveness of management of sustainable development of the 
country can be evaluated by a system of indicators that reflect some 
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aspects of development in its conceptual sense, reflect the trends of the region and the impact of various 
factors on sustainability. Only with the help of the development of industry and social production the 
country will not be able to achieve a rise. It is necessary to simultaneously take care of the economy, so-
cial component and the environment.

A general vision of the new development benchmarks for 2030 and 17 Sustainable Development Goals 
was provided at the UN Development Summit for the post-2015 period. Ukraine has to implement new 
programs and projects that in practice will ensure macroeconomic stability, ecological balance and so-
cial cohesion at the state, regional and local levels.

Monitoring the achievement of the objectives of sustainable development, management of this process, 
decision-making process, evaluation of the effectiveness of the means used and the level of achievement 
of the goals required monitoring of sustainable development of society.

In recent years, significant work in the field of development of indicators has been carried out by a 
number of teams at the local, regional and global levels as sustainable development in general, as well 
as its individual aspects. Despite a significant number of researches, to some extent, outstanding issues 
related to the assessment of sustainable development at the regional and local levels remain unsolved.

1. LITERATURE REVIEW

Many of the world’s leading organizations are en-
gaged in the development of sustainability indi-
cators for environmental and economic develop-
ment. They annually report in their documents: 
The Delegation for Political Coordination and 
Sustainable Development of the United Nations 
(Sustainable Development Goals: Ukraine, 2017), 
UNEP (Frontiers 2018/19: Emerging Issues 
of the Environmental Concern, 2018), World 
Bank (World Bank Annual Report, 2018)), The 
Organization for Economic Cooperation and 
Development (OECD) (Green growth and sus-
tainable development: report, 2018), the European 
Commission (Energy union and climate, 2018), 
the Committee on Environmental Modeling 
(ISEM), the Committee from the Environmental 
(Ecologic) Indices (ISEI), the Scientific Committee 
on Environmental Issues (SCOPE) (Education 
for Sustainable Development: National Report 
(2016)), International Institute for Sustainable 
Development (IISD), Socio-Economic Council 
(SER) (Development of Sustainable Development, 
2011) and others.

Despite a large number of methodological ap-
proaches used to assess sustainable regional devel-
opment, there is no systematic approach to assess-
ing such a complex phenomenon. Therefore, the 
development of an integrated structural meth-

odology that objectively determines the prob-
lems of sustainable development of the regions 
of the country, the choice and justification of the 
goals and strategic directions for its achievement 
(Ilchenko, 2013) is urgently needed.

Among the whole set of indicators, only such indi-
cators (GRP per capita and degree of depreciation 
of fixed assets) are relative. All other indicators are 
absolute, which express the size (volume) of the 
quantitative characteristics of the phenomena un-
der study in certain units of measurement. In this 
regard, the ranking of regions of Ukraine in terms 
of sustainable development cannot be considered 
correct.

The application of the relative indexes for the cal-
culation of the integral index is important, as evi-
denced in the work of Y. Korol, by calculations of 
the level of sustainable development for the Polish 
voivodeships. The methodological basis of this 
study is also an assessment of the economic, so-
cial and environmental components. But for their 
characteristics, relative indicators are used, for ex-
ample, to assess the scientific and technical com-
ponent: the cost of innovation in industry per cap-
ita, the cost of research per inhabitant (Indicators 
of Sustainable Development, UN Pulpation, 1996). 
In compiling the ranking of regions in Ukraine, 
the following indicators were used to assess the 
level of innovation: the volume of innovation 
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products (thousand UAH), the development of 
new types of products in industry (units), the in-
troduction of advanced technological processes in 
industry (units) (Zgurovsky, 2009).

An equally important problem of the existing meth-
odology for calculating the integral indicator of sus-
tainable development of the region is to determine 
the weighting factor for each parameter on the basis 
of the volume of revenues in terms of money from 
one or another sphere of activity, as well as apply-
ing for the Pareto principle indicator (ratio 20:80) 
or 1:1:3, depending on the importance and num-
ber of components (Zgurovsky, 2009). At the same 
time, despite the fact that the value of the calculat-
ed weighting factors on a monetary expression re-
flects a certain imbalance in policy categories (Basic 
needs – 27.0%, Entrepreneurship – 57.5%, Labor 
market – 13.0%, Innovation-investment opportu-
nities – 2.5%), the authors of the methodology for 
assessing the level of sustainable development of 
the regions of Ukraine consider these categories of 
policy equally important for the development of the 
administrative-territorial unit, and therefore accept 
the same weighted coefficients. Such an approach 
distorts the results of calculations and conclusions 
regarding interregional comparisons, because in 
different regions, the influence of key factors of so-
cio-economic development can vary considerably.

2. METHODOLOGY

The methodology for measuring sustainable de-
velopment involves the calculation of the corre-
sponding index in the space of three dimensions: 
economic, environmental and socio-institutio nal. 
In this case, institutional development studies are 
carried out mainly in the social aspect, and its lev-
el is assessed taking into account the indicators 
of political consciousness of citizens, the influ-
ence of religious institutions and the effectiveness 
of state power. However, the institutionalization 
of sustainable development should envisage im-
provement of regulatory and legal regulation of 
organizational support for optimizing the social, 
economic and environmental components of the 
region.

Various indicators are used for the purpose of in-
terregional comparisons of quantitative and qual-

itative assessments of development, identification 
of the main factors influencing the change in the 
structure of the economy of different scale areas, 
processes characterizing disproportions and their 
dynamics, classification of countries and regions 
by the level of development.

Their spectrum has grown significantly with an in-
crease in the number of development models, but 
the main economic and social indicators remain 
constantly in demand. The unification of various 
development indicators is facilitated by the work of 
international institutions: the United Nations and 
its programs, the World Bank, the Organization 
for Economic Cooperation and Development 
(OECD), the International Monetary Fund. The 
European Union (Grechko, Lisovsky, Romanyuk, 
& Rudenko, 2015) can be considered as the source 
of standards for the harmonization of indicators 
related to development.

The information of various international rating 
agencies as independent sources for measuring 
the quality of the regional environment is increas-
ingly being used in the assessment of regional 
development. The practice of monitoring region-
al ratings is gradually being applied in Ukraine. 
In particular, the Foundation for Effective 
Governance has published the 2007 Index of 
Competitiveness of Regions (Towards Economic 
Growth and Prosperity, 2012). The value of such 
a study is based on the methodology of calculat-
ing the national competitiveness index to analyze 
the dynamics of the economic development of the 
separate region in comparison with other regions, 
as well as with 144 countries of the world. The in-
dex is calculated using the methodology used by 
the World Economic Forum.

The Institute of Geography of the National 
Academy of Sciences of Ukraine has developed 
its own integral index of developmental balance, 
which reflects the economic-geographical aspects 
of the development balance. Its application makes 
it possible to compare the general level of bal-
ance of development of individual countries and 
regions, to analyze the factors that contribute or 
hinder the achievement of a balanced develop-
ment within each of the studied areas. On this ba-
sis, it is possible to develop a system of measures 
on the strategy and tactics of the transition to sus-
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tainable (balanced) development of the specified 
countries or regions and to determine the priority 
tasks of implementation and provision of the cor-
responding policy. Based on the use of the index, 
the integral index of developmental balance for 
the countries of the world and regions of Ukraine 
was calculated (Lisovsky, 2009).

The Institute for Applied Systems Analysis of the 
National Academy of Sciences of Ukraine and the 
Ministry of Education of Ukraine in 2005–2007 de-
veloped a metric for measuring sustainable develop-
ment processes (MSSD) in the context of economic, 
environmental and social components (Sadovenko, 
Maslovska, Sereda, & Timochko, 2011).

Indices and approaches used differ from those 
proposed by the United Nations Commission on 
Sustainable Development. However, they reflect 
the principled approach to the relationship of its 
main components (economic, environmental, so-
cial and institutional).

Ukraine, with all the key indicators and indicators 
of quality of life within sustainable development, 
is significantly inferior not only to world leaders, 
but also to the majority of post-socialist countries. 
Today, given the state of social development, it is 
not really defined with the strategy of its develop-
ment. Reforms in the economy, education, inno-
vation or other spheres will not yield the desired 
results under such conditions.

The Institute of Applied Systems Analysis of the 
National Academy of Sciences of Ukraine in 2009, 
on the basis of the developed metric, analyzed the 
regions of Ukraine from the standpoint of sustain-
able development on the main three dimensions. 
The analysis was performed on the basis of the de-
veloped system of indicators that allow to control 
the goals of sustainable development, to make de-
cisions, to evaluate the effectiveness of the means 
used and to achieve the goals set (Sadovenko, 
Maslovska, Sereda, & Timochko, 2011).

The Institute for Applied Systems Analysis of the 
National Academy of Science of Ukraine and the 
Ministry of Education of Ukraine in 2014 improved 
the methodology of quantitative assessment of re-
gional development processes and analysis of the 
obtained integrated assessments from the stand-

point of the concept of sustainable development. It 
is important that the assessment of the efforts of the 
regions of Ukraine to achieve sustainability is car-
ried out not only on the basis of observance of the 
balance of economic, environmental and social di-
mensions of development, but also in conjunction 
with the analysis of aspects of the safety of human 
life. Information about the ranking of regions of 
Ukraine in sections of quality and safety compo-
nents of life is contained in the 2013 report.

The methodology of assessment and analysis of 
sustainable development includes a model of sus-
tainable development. It is an interdisciplinary 
generalization of models known in the natural, 
economic and social sciences.

3. RESULTS OF RESEARCH 

AND DEVELOPMENT OF 

METHODICAL APPROACHES 

TO ANALYSIS, ESTIMATION 

AND FORECASTING 

OF PARAMETERS 

OF SUSTAINABLE 

DEVELOPMENT  

OF THE REGION

The methodology of a comprehensive assessment 
of the level of socio-ecological and economic de-
velopment of industrial regions was proposed 
based on the analysis and synthesis of existing 
methodological approaches to assessing the level 
of development of the region, which is based on 
comparing the conditions and development out-
comes of a set of features against the background 
of the corresponding averages.

Based on the data of the State Statistics Service of 
Ukraine and the Department of Statistics in the 
regions that characterize the level of economic, so-
cial and environmental development of the lead-
ing industrial regions of Ukraine in 2012–2018, 
among the sets of the initial statistical indicators, 
the method of factor analysis was used to select 
significant economic, social and environmental 
indicators (Table 1).
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In order to construct a generalized indicator of so-
cio-ecological and economic development of the 
region of Ukraine, the method of the main com-
ponents was used for selected aspects.

The necessary measurement procedure is the pre-
liminary unification of the selected output indica-
tors, that is, the application of such a transforma-
tion to them, which will all be measured on the 
N-scale scale. At the same time, the zero value of 
the transformed indicator will correspond to the 
lowest level of the region, and the maximum value 
of N is the highest. Such unification will ensure 
the comparability and comparability of the exist-
ing information base.

For indicator-stimulants, the value of the corre-
sponding unified variable was calculated by the 
formula:

min

max min

,
irj rj

irj

rj rj

v v
v N

v v

−
= ⋅

−

 
 

 (1)

where irjv  – i-th value of j-th source of 
compatible index of the aspect of development 

rjx  ( )1,  ,  1,  3,  1,  ,ri n r j m= = =  N  – amount 
of supervisions on an initial index ,rjx  rm  – 

amount of initial indexes raspect of development 
that is examined, irjx  – i-th values of j-th source 
of not unified index r-th aspect of development 

,rjx  
minrjx  – minimum value of the j-th source 

of unimproved indicator of the r-th aspect of 
development ,rjx  

maxrjx  – maximum value of the 
j-th source of non-viable index of r-th aspect of 
development .rjx

The calculation of the integral index rY  

( )1,  18 ,r =  which characterizes certain aspects 
of development, was carried out according to the 
formula:

1

,
rm

r rj rj
j

Y w X
=

=∑  (2)

where rjw  – the weight with which the j-th indica-
tor of the r-th aspect of development is taken into ac-
count in the calculation of the integral indicator.

The construction of an integral index of a particular 
aspect of development was carried out using the 
method of factor analysis, called the modified 
main component method. Weighted coefficients 

rjw  were calculated using the modified main 
component method.

Table 1. Key indicators of sustainable development of industrial regions

Source: Developed by the authors.

Components of 

sustainable development
Indexes Symbols

Economic

1. Economic х
1.1. GRP per (per 1 person) х

1

1.2. Retail commodity turnover is per year (per 1 person) х
2

1.3. Amount of enterprises per year (per 1 person) х
3

1.4. Volume of the realized products, UAH (per 1 person) х
4

1.5. Amount of the concerned workers is per enterprises (thousand people) х
5

1.6. Charges are per personnel on enterprises, UAH (per 1 person) х
6

1.7. Capital investments, UAH (per 1 person) х
7

1.8. Indexes of agricultural produce, % to previous year х
8

1.9. Indexes of building products, % to previous year х
9

1.10. Indexes of industrial products, % to previous year х
10

1.11. Profits of population, UAH (per 1 person) х
11

Socio-ecological

2. Social and ecological u

2.1. Average monthly salary, UAH (per 1 person) u
1

2.2. Concerned population (thousand persons) u
2

2.3. Unemployed population (thousand persons) u
3

2.4. Morbidity of population (per 1 person) u
4

2.5. Extraits of contaminents (tons is per 1 person) u
5

2.6. General volume of wastes (tons is per 1 person) u
6

2.7. Extraits of contaminents are in atmospheric air from the stationary sources of 
contamination (tons is per 1 person) u

7
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After the initial value of compatible indexes of 
some aspect of development 

1
,X  

2
...,X  ,mX  the 

standardized values of these indexes *

1
,X  *

2
...,X  

*

mX  are calculated, but the matrix
*Õ of the 

standardized values of initial factors and matrix 

R  of pair correlations are built:

* *1
.

TR X X
n

=  (3)

For the calculation of the first main component 
*

1 1
,F l X=  an optimization task got untied:

( )
1

*

1

1 1

max;

1,

l

T

D l X

l l

 →

 =

 (4)

The system of equalizations for determination 
1
l  

looks like:

( )1 1
0,

T
mR I lλ− ⋅ =  (5)

where 
1
λ  – most own value of matrix R  that 

is the decision of characteristic equalization 
0.mR Iλ− =

Here mI  is a single matrix of dimension of .m

Thus, the first main component 
1
F  is calculated as 

linear combination:

( )* *

1 1
,F X l X=  (6)

where 
1
l  – own vector of matrix R  that answers 

the most own number 
1
.λ

As a measure of informing of the first main com-
ponent 

1
F  part of k  of total dispersion of this 

component is determined in general dispersion of 
initial indexes:

( )
( ) ( )

1

* *

1

.
... m

D F
k

D X D X
=

+ +
 (7)

If ( )1 1
,D F λ=  ( ) ( )* *

1
... 1,mD X D X= = =  then 

the criterion of informing k  can be presented in 
a kind:

1 .k
m

λ
=  (8)

The area of nonoperability of only scalar indicator 
of some aspect of development is determined by 
inequality:

*
.k k<  (9)

According to the method of the modified main 
component, in the calculations using formula (2), 
the squares of the components rjw  j  of their own 
vector 

1
l  of the covariance matrix of variables 

1
,X  

2
...,X  .mX

The calculation of generalized development 
indicators in 2012–2018 was carried out using the 
software statistical package SPSS. It was accepted 
that 10.N =  It should be noted that during the 
calculations with the help of the method of the 
modified first main component, the dispersion, 
which is explained by the first main component 
for all aspects of the development considered, was 
more than 50%, that is, in all cases, the criterion of 
the method performance was performed.

The calculation of the total dispersion explained 
by the first main component for constructing a 
component matrix on the aspect of economic de-
velopment is given below (Table 2).

The following is a calculation of the total dispersion, 
which is explained by the first main component for 
constructing a component matrix on the aspect of 
social and environmental development (Table 4).

The integral index of economic development 
( )I
rX  is calculated according to the method of the 

modified main component.

The most stable positions of the Dnipropetrovsk 
region have been observed for seven years in 
terms of economic development. In 2018, the 
second place is the Poltava region, the third – 
Zaporizhzhia, the fourth and fifth, respectively – 
Kharkiv and Sumy.

Based on the procedures for reducing the dimension 
and constructing generalized indicators, the 
rating for each calculated integral indicator is 
calculated as a generalized estimate. The integral 
indicator of socio-ecological development 

( )I
rY  is 

calculated according to the method of modified 
main component. It is clear from the calculations 
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Table 2. Total variance explained

Source: Calculated by the authors on the basis of data from the Main Directorates  

of Statistics in Dnipropetrovsk, Zaporizhzhia, Poltava, Sumy, Kharkiv regions (n.d.).

Component
Initial eigenvalues Sum of squares of extraction loads

All % of dispersions Cumulative % All % of dispersions Cumulative %
1 5.477 49.791 49.791 5.477 49.791 49.791

2 1.848 16.800 66.591 – – –

3 1.253 11.391 77.982 – – –

4 0.983 8.941 86.923 – – –

5 0.755 6.865 93.788 – – –

6 0.354 3.220 97.008 – – –

7 0.188 1.712 98.721 – – –

8 0.101 0.918 99.639 – – –

9 0.018 0.164 99.803 – – –

10 0.016 0.147 99.950 – – –

11 0.005 0.050 100.000 – – –

Note: extraction method: principal component analysis.

Table 3. Matrix of components (component matrix (a))
Source: Calculated by the authors on the basis of data  

from the Main Directorates of Statistics in Dnipropetrovsk, Zaporizhzhia, Poltava, Sumy, Kharkiv regions (n.d.).

Component Value Component Value

x1 0.906 x7 0.819

x2 0.893 x8 0.153

x3 –0.524 x9 0.266

x4 0.941 x10 0.250

x5 –0.552 x11 0.801

x6 0.962

Note: extraction method: principal component analysis.

Table 4. Total dispersion that is explained by the first main component (Total Variance Explained)
Source: Calculated by the authors on the basis of data  

from the Main Directorates  of Statistics in Dnipropetrovsk, Zaporizhzhia, Poltava, Sumy, Kharkiv regions (n.d.).

Component

Initial eigenvalues Sum of squares of extraction 
loads

All
% of 

dispersions
Cumulative % All

% of 

dispersions
Cumulative %

1 4.248 60.693 60.693 4.248 60.693 60.693

2 1.659 23.704 84.396 – – –

3 0.734 10.491 94.888 – – –

4 0.244 3.481 98.369 – – –

5 0.077 1.106 99.475 – – –

6 0.028 0.402 99.877 – – –

7 0.009 0.123 100.000 – – –

Note: extraction method: principal component analysis. 

Table 5. Matrix of components (component matrix (a))
Source: Calculated by the authors on the basis of data  

from the Main Directorates of Statistics in Dnipropetrovsk, Zaporizhzhia, Poltava, Sumy, Kharkiv regions (n.d.). 

Component Value

u1 0.054

u2 0.669

u3 0.706

u4 –0.888

u5 –0.919

u6 –0.886

u7 –0.938
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that in 2017 and 2018, the leader in social and 
environmental development was Kharkiv region 
(7.84, 8.29), and in 2013–2015, Sumy region, where 
the highest value of the generalized indicator 
was 7.32, 7.73, 7.94, 7.28, respectively. The 
Dnipropetrovsk region has the least value of the 
generalized indicator of the level of social and 
environmental development, indicates a high level 
of man-made load in the region, which leads to a 
high level of morbidity and deterioration in the 
quality of life of the population.

According to the integral indicator “Economic 
Development Level”, a model was constructed:

1 2 3

4 5 6

7 8 9

10 11

0.91 0.89 0.52

0.94 0.55 0.96

0.82 0.15 0.27

0.25 0.8 ,

e
ij ij ijX

ij ij ij

ij ij ij

ij ij

X X X X

X X X

X X X

X X

= + − +

+ − + +

+ + + +

+ +


  

  

  

 

 (10)

where 
eX

X   – integral index of level of economic 
development, nijX  – the initial statistical indica-
tors of the n-th factor, which characterizes the lev-
el of economic development of the i-th region in 
the j-th period.

The result of calculating the integral indicator is 
the ranking of regions by the level of economic 
development, which is represented in the dynam-
ics (Figure 1). The most stable positions have been 

observed for seven years in the Dnipropetrovsk 
region, and the lowest positions are in the Sumy 
region.

According to the integral indicator “The level 
of social and environmental development” of 
industrial regions of Ukraine in 2010–2016, a 
model was constructed:

1 2 3

4 5 6 7

0.54 0.67 0.71

0.89 0.92 0.89 0.94 ,

e
ij ij ijU

ij ij ij ij

Y U U U

U U U U

= + + −

− − − −


  

   

 
(11)

where 
eU

Y   – integral index of level of socio-ecolog-
ical development, nijU  – initial statistical indica-
tors of the n-factor, which characterizes the level 
of socio-ecological development of the i-th region 
in the j-th period.

According to the results of calculations, it should 
be noted that the increase in the morbidity of the 
population due to excessive emissions of harmful 
substances, growth of the volume of waste and 
emissions of pollutants into the air leads to a decrease 
in the level of socio-ecological development of the 
region. The result of the calculation of the integral 
indicator is the ranking of regions by the level of 
socio-ecological development, which is represented 
in the dynamics (Figure 2). For this indicator during 
the analyzed period, the Sumy region occupies 
the leading position, and the lowest indicators are 
observed in the Dnipropetrovsk region.

Figure 1. Integral index of level of economic development of regions

Source: Developed by the authors based  

on Department of Statistics in Dnipropetrovsk, Zaporizhzhia, Poltava, Sumy, Kharkiv regions (2012–2018).
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As a result, a generalized indicator of socio-
ecological and economic development of industrial 
regions of Ukraine is calculated. According to the 
generalized indicator “The level of socio-ecological 
and economic development” of industrial regions 
of Ukraine in 2012–2018, a model was constructed 
(Figure 3):

1 2 3

4 5 6

7 8 9

10 11 12

13 14 15

16 17 18

0.34 0.20 0.37

0.67 0.91 0.65

0.47 0.14 0.21

0.26 0.05 0.02

0.29 0.27 0.75

0.95 0.89 0.92

e
ij ij ijXU

ij ij ij

ij ij ij

ij ij ij

ij ij ij

ij ij ij

Z X X X

X X X

X X X

X X U

U U U

U U U

= + + +

+ + + +

+ − − +

+ − − +

+ + − −

− − −

 
  

  

  

  

  

   ,

 (12)

where 
eXU

Z    – generalized indicator of the level 
of socio-ecological and economic development, 

,nijX  nijU  – initial statistical indicators of the 
n-factor, which characterizes the level of socio-
ecological and economic development of the i-th 
region in the j-th period.

Here should be noted the factors such as agricultural 
and construction indices, population incomes, 
low average monthly wages, population morbidity, 
total amount of waste and emissions of pollutants, 
including in the atmospheric air. The calculations 
of generalized integrated indices of development of 

industrial regions make it possible to determine the 
tendencies of sustainable development of separate 
regions according to the spheres of development 
and to substantiate promising directions of effective 
growth and areas which require the greatest 
attention from the state authorities and local self-
government bodies. By results it can be determined 
that serious problems of the Dnipropetrovsk region 
arise precisely because of the ecological component, 
which negatively affects the state of health and, 
consequently, quality of life.

The influence of ecological factors on the dynamics 
of the generalized indicator of sustainable devel-
opment of regions was investigated and a forecast 
model for 2020–2024 for the analyzed industrial 
regions of Ukraine was constructed, which, with 
95% reliability, is adequate to the observations of 
the Fisher criterion and can be used for calculat-
ing the forecast values of the indicators:

1 1 2
3.98 0.366 0.17 ,Up ij ijK U U= − ⋅ + ⋅  (13)

where 
1UpK  – forecast value of the generalized 

indicator of the level of socio-ecological and eco-
nomic development of the regions, 

1ijU  – total 
amount of waste, tons per 1 person in the i-th re-
gion in the j-th period, 

2ijU  – emission of pollut-
ants into the air from stationary sources of pollu-
tion, tons per 1 person in the i-th region in the j-th 
period.

Figure 2. Integral index of level of socio-ecological development of regions

Source: Developed by the authors based on Department of Statistics in Dnipropetrovsk, 

Zaporizhzhia, Poltava, Sumy, Kharkiv regions (2012–2018).
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According to the results of the forecast model, there is 
a decrease in the forecast value of the indicator of the 
level of socio-ecological and economic development, 
which negatively affects the ranking of industrial 
regions. The growth of total waste in the regions is 
observed due to the lack of their utilization, which 
poses a threat to the health of the population and 
security of Ukraine. It is recommended to introduce 
the process of waste recycling and disposal as an 
effective means to improve the ecological situation 
in the regions and, consequently, to increase their 
level of socio-ecological and economic development.

A new model has been constructed, according to 
which the forecast values of the generalized indica-
tor of the level of socio-ecological and economic de-
velopment of the regions reflect the annual growth 
in the dynamics of the rating on the 10-point scale 
compared with the base year 2016 (Table 6):

2

2 1

2.35 0.066

0.15 0.12 ,

Up

ij ij

K U

U C

= + ⋅ +

+ ⋅ +
 (14)

where 
2UpK  – forecast value of the general indica-

tor of the level of socio-ecological and economic 
development of regions after the introduction 
of recycling and waste management, 

1ijC  – total 
waste after recycling and utilization, tons per 1 
person in the region in the j-th period.

So, it should be noted that in all areas (Table 6), 
the growth of predicted values of the generalized 
indicator is increasing. The predicted values of 
the integral indicator reflect the annual growth 
in the dynamics of the rating on the 10-point 
scale compared with the base year 2018, which 
indicates the need to improve the environmental 
component of sustainable development of the 
regions.

In the case of expansion of the statistical base 
for the assessment of the region’s development, 
the proposed methodology allows unlimited 
increase of the number of analyzed basic 
indicators.

Figure 3. Integral index of level of socio-ecological development of regions

Source: Developed by the authors based on Department of Statistics  

in Dnipropetrovsk, Zaporizhzhia, Poltava, Sumy, Kharkiv regions (2012–2018).
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Table 6. Predictions of the generalized indicator of the level of socio-ecological and economic 
development of regions

Source: Developed by the authors based on the of results prognosis model (n.d.).

Years Dnipropetrovsk Zaporizhzhia Poltava Sumy Kharkiv

2020 4,2812 6,467 7,422 6,256 6,764

2021 4,3392 6,567 7,591 6,348 6,875

2022 4,3924 6,666 7,774 6,448 6,986

2023 4,4529 6,766 7,951 6,534 7,098

2024 4,5085 6,866 8,133 6,626 7,209
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CONCLUSION

A methodical approach to assessing the level and trends of sustainable development of the region has 
been proposed. The approach is based on using the integral index. The evaluation and analysis results 
can be used to discuss problems and are implemented in the process of making sound management 
decisions. This approach by the factor analysis method allowed, based on the quantitative data from 
the State Statistics Service of Ukraine and the main statistics departments in the regions, to formulate 
a refined system of indicators that characterize economic, social and environmental sustainability 
parameters. Typical groups of regions of Ukraine were selected and an assessment of the level of socio-
ecological and economic development was carried out (for example, five industrial regions, namely 
Dnipropetrovsk, Zaporizhzhia, Kharkiv, Poltava, Sumy). This made it possible, based on the procedures 
for reducing the dimension and constructing generalized indicators, to calculate the rating for each 
calculated integral indicator as a generalized estimate. The integral indicator allowed to determine the 
ranking of industrial regions by the level of information provision of socio-ecological and economic 
potential. This was done in order to identify areas for the distribution of innovation and information 
resources and to reduce the disproportions in the overall regional development, as well as coherence 
in the development of socio-cultural and environmental potential with the economic dynamics of the 
regions.

The calculations that have been carried out make it possible to determine the trends of sustainable 
development of individual regions according to development factors, as well as justify prospective 
directions for effective growth and negative tendencies, which require the greatest attention from the 
state authorities and local municipality. It was found that the most important problems of industrial 
regions arise precisely because of environmental factors that negatively affect the health and quality of 
life, respectively.

The proposed methodological approach can be used in the development and implementation of strate-
gies for sustainable development of regions and in the process of regional development management in 
order to increase the efficiency of decision-making at the level of regional, local state administrations 
and local self-government bodies.
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