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GROSS REGIONAL PRODUCT IN UKRAINE: TWO-DIMENSIONAL ANALYSIS
OF REGULARITIES AND TERRITORIAL FEATURES

Purpose. Carrying out an analysis of panel data on individual indicators of the development of the regions of Ukraine in gen-
eral and their aggregates, distinguished by territorial location and profitability in order to establish the main regularities and spe-
cific features of changes in their gross regional product.

Methodology. On the basis of a sample of statistical indicators of the socio-economic development of the regions of Ukraine
for the period from the beginning of the Russian-Ukrainian war (2014) to the full-scale invasion, the authors created panel series
of data with the separation of regional groups according to territorial and income criteria. For each group panel series of data,
random effects regression models were built in order to determine the presence of regularities and specific features of regional de-
velopment in different groups.

Findings. An analysis of scientific developments and practical results in the issue of determining the key factors of the formation
of the gross regional product was carried out. Given the uncertainty in views on the key factors of regional development, an attempt
was made to determine them using a two-dimensional analysis of panel data. For this purpose, a sample of statistical information
on the main indicators of socio-economic development of each of the regions of Ukraine was formed and their grouping was carried
out according to two criteria: territorial location and profitability according to the indicator of the gross regional product per capita.
In general, five groups of oblasts were formed based on territorial characteristics and four groups of oblasts based on income char-
acteristics, and a panel regression model was constructed for each of these groups, including the total set of regional panel data. The
received specifications of the models made it possible to form a list of key regularities in the formation of the gross regional product
in Ukraine, as well as to determine specific factors of influence on the resulting indicator for each of the groups of oblasts.

Originality. On the basis of the given approach to the panel analysis of factors of regional development and, in particular, the
formation of the gross regional product, based on a combination of statistical methods for grouping (clustering) regions according
to various criteria and panel regression models, the hypothesis regarding the presence of common regularities of regional develop-
ment in certain groups of oblasts of Ukraine was confirmed. The key factors and specific features of changes in the indicator of the
gross regional product in Ukraine in general and in individual regional clusters are determined.

Practical value. The possibility of practical use of the obtained results as key risk factors in the process of forming plans for the
economic development of individual oblasts in the long term, as well as the application of the proposed approach to the study on
key factors of the formation of other indicators of regional development.
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Introduction. Sustainable regional development is a guar-
antee to the continuous development of the state’s economy in
general, which requires special attention to the issues of its
provision due to the targeted influence on the key factors of its
activation as well. At the same time, in Ukraine, achieving the
goals of sustainable development and, in particular, the strate-
gic goal of ensuring sustainable sectoral and regional develop-
ment [1], economic development vectors in the direction of
“regional development” [2] is not only unattainable within the
specified time, but also impossible due to a significant change
in the basic input conditions. According to experts, the conse-
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quence of the modern Russian-Ukrainian war will be “a 20-
year setback of the country’s development” [3]. Thus, under
modern conditions, the need for in-depth analytical studies on
the processes of regional development of Ukraine both as a
whole and in relation to individual consolidated regions or
oblasts grouped according to different criteria is actualized,
one of the components of which can be a two-dimensional
analysis of regularities and specific features of regional devel-
opment.

Literature review. The use of panel data analysis in eco-
nomic research has become widespread in the world scientific
community over the past decades and has been widely covered
in the works by L.Anselin [4], B. Baltagi [5], C.Hanck [6],
A.Garrat [7], J. Elhorst [8], T. Petersen [9], Z. Townsend [10].
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Among the Ukrainian research scientists of the practical as-
pects of the application of econometric analysis in the model-
ing of economic processes, it is worth noting the works by
M. Oliskevych [11].

Studying of processes, regularities, specifics, etc. of re-
gional development in Ukraine using multidimensional analy-
sis models is not a common practice, although some research-
ers turn to them in their developments. Therefore, it is worth
mentioning the works by O.Raievnieva [12] regarding the
multidimensional analysis of indicators of the development of
the regions of Ukraine in the aspect of determining the main
sources of its unevenness, and Ye. Matviishyn [13] about the
use of the possibilities of econometric analysis in order to build
models of demographic forecasting in the aspect of developing
regulatory mechanisms for regional labor markets, etc. At the
same time, in the context of our study, the works by I. Turskyi
[14], O.Riadno [15], and D. Novikov [16] are of greater inter-
est. In particular, the classic multifactorial regression model-
ing carried out by I. Turskyi made it possible to state that the
gross regional product (GRP) depends linearly on the volume
of products sold and the number of economically active popu-
lation. According to D. Novikov’s estimates, the cumulative
financial result of industrial enterprises of the region from or-
dinary activities to taxation has the maximum positive impact
on the indicator of the gross regional product, whereas the
maximum negative impact is due to the factor of the introduc-
tion of progressive technological processes in industry. That is,
in this case, it has been proven that industry (the real sector of
the economy) is the determining factor influencing the dy-
namics of the gross regional product indicator in Ukraine.
Other authors [17], based on the analysis of panel data on re-
gional development, conclude that the general factors affect-
ing the gross added value of the region are the turnover of retail
trade, the share of the population with an average per capita
equivalent total income below the subsistence minimum, the
export-to-import ratio, and the ratio of migration increase
(reduction) of the population.

Unsolved aspects of the problem. It is worth paying atten-
tion to the fact that all researchers of the factors affecting the
regional gross product in the process of modeling neither
grouped nor clustered regions according to individual charac-
teristics, which made it possible to obtain only generalized re-
sults of a theoretical nature. As for more modern studies,
M. Bril [17], using models of multiple canonical correlations
in order to form a balanced system of indicators of regional
differentiation, substantiates the insignificance of the indicator
of retail trade turnover in the context of the study on the state
of socio-economic development of the region. V. Hryniv [18]
emphasizes the necessity to group regions based on a prelimi-
nary ranking by a certain indicator in the context of further
construction of reliable predictive models. V.Holovachov
[19], using correlation-regression analysis, makes an attempt
to determine the influence of the integral indicator of the de-
velopment and implementation of the multi-purpose cadaster
on the gross regional product. Although in this case even the
very formulation of the question is not entirely appropriate,
since the applied technique allows one to note the presence of
common trends in dynamics, but not their mutual influence.
In turn, at the level of national administration [3], the volume
of foreign investments, budget indicators and real gross do-
mestic product are understood as key factors of regional devel-
opment.

Thus, given the uncertainty in views on the key factors of
regional development and the actualization of the need to de-
velop new strategies and approaches to it, taking into account
the trends of wartime and the long-term consequences of the
influence of hostilities, the identification of general regularities
and specific territorial features in the development of regions is
particularly important.

Purpose and task statement. The purpose of the work is to
carry out a two-dimensional analysis of panel data on indi-

vidual indicators of the development of the regions of Ukraine
in general and their aggregates, separated on the basis of terri-
torial location and profitability in order to establish the main
regularities and specific features of changes in their GRP.

In view of the set purpose, the following were the key tasks
of the research:

1. To group the regions of Ukraine according to the territo-
rial and income criteria.

2. Based on a sample regarding the dynamics of the set of
indicators for each of the oblasts of Ukraine, to form panel
data series and build regression models for a continuous panel
series of data and for separate groups of regions of Ukraine
formed on the basis of the defined criteria.

3. To establish clear regularities, specific features and fac-
tors of the formation of the gross regional product both in rela-
tion to the totality of the regions of Ukraine and in relation to
their individual groups.

Research methodology (structure, sequence). In the pro-
cess of research, methods of statistical data analysis, as well as
theoretical methods of comparative analysis, synthesis and
logical generalization were used. The information base of the
research was made up of statistical materials of the State Sta-
tistics Service of Ukraine, as well as scientific works on the is-
sues raised in the work. Thus, on the basis of a sample regard-
ing the dynamics of the set of indicators for each of the regions
of Ukraine, panel data series were formed, for which fixed and
random effects regression models were built in order to deter-
mine the presence of regularities — common parameters that
define the change in the volume of the gross regional product
to the greatest extent. The objects of observation are the re-
gions of Ukraine (24 objects). The observation interval is 1
year and the considered period is 8 years (2014—2021) for all
variables. The total number of observations is 192 units, and
the indicator of the gross regional product is chosen as the de-
pendent variable. The grouping of the oblasts of Ukraine for
the purposes of the study according to the profitability criteri-
on was carried out using statistical and graphical methods of
constructing interval distribution series.

Basic materials and obtained scientific results. The main
task of our research is not to build completely reliable regres-
sion dependencies for forecasting indicators of regional devel-
opment, but to establish the presence of clear regularities, spe-
cific features and factors of the formation of the gross regional
product both in relation to the totality of the regions of Ukraine
and in relation to individual homogeneous groups that are
similar to each other in certain features. In particular, for the
purposes of our research, two such groups were singled out:

1. Territorially oriented: northern, southern, central, east-
ern and western oblasts.

2. Income-oriented: five regions, distinguished on the ba-
sis of the indicator of the gross value added in the region per
person.

As for the observation interval, its limits were chosen tak-
ing into account significant changes in the Ukrainian socio-
economic space in connection with the beginning of the war
with Russia and the loss of part of the territories in 2014. Thus,
in fact, within the framework of our research, it will be possi-
ble to determine the presence of regularities and specific fea-
tures of formation of the gross regional product in the state
throughout the entire period of the country’s functioning in
the conditions of a local war up to a full-scale military invasion
based on the analysis of regional statistics indicators [20].

The list of indicators of regional development that were
used in the construction of regression models for panel data
series is given in Table 1.

Thus, we focused on the study on the influence of the gen-
eral socio-economic parameters and individual indicators of
the labor market of the regions in the context of formation of
the volume of their gross added value.

When forming the regional distribution of Ukraine’s
oblasts, we used the standard division of the country’s territory
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Table 1

List of indicators of regional development used in the study

. Reference . Reference
. Unit of . . . Unit of . .
Indicator designation Indicator designation
measurement | . measurement | .
in models in models
Gross regional product min UAH N1 Average monthly salary UAH N 11
Gross regional product per person UAH N2 Consumer price index (December to % N 12
December of the previous year)

Output® at basic prices min UAH N3 Capital investments min UAH N 13
Volume of output” in extractive min UAH N4 Number of available population people N 14
industries
Volume of output” in the processing min UAH N5 Labor force aged 15—70 thsd. people N 15
industry
Gross value added in the processing min UAH N6 Number of people employed in thsd. people N 16
industry industry aged 15—70
Share of the processing industry in output % N7 Unemployed population aged 15—70 thsd. people N 17
Employed population aged 15—70 thsd. people N8 Average number of full-time employees thsd. people N 18
Population income per person UAH N9 Number of pensioners of all categories people N 19
Population expenditure per person UAH N 10

* “output” in accordance with the statistical terminology adopted in Ukraine means “the value of goods and services resulting from the

production activity of resident units in the reporting period”

into: Northern (Zhytomyr, Kyiv, Sumy, and Chernihiv
oblasts); Southern (Mykolaiv, Odesa, Kherson, Zaporizhzhia
oblasts); Western (Volyn, Transcarpathian, Ivano-Frankivsk,
Lviv, Ternopil, Rivne, Khmelnytskyi, Chernivtsi oblasts);
Eastern (Donetsk, Luhansk, Kharkiv) and Central (Vinnytsia,
Dnipro, Kropyvnytskyi, Poltava and Cherkasy oblasts).

When distinguishing groups of oblasts based on income-
oriented characteristics, the easiest way would be to use the
method of constructing interval series of distribution with
equal intervals, according to which “the number of intervals is
determined according to the Sturges’ rule” [21]. However,
with such an approach, for the aggregate we studied — 24 re-
gions — the number of intervals is 5 and the obtained distribu-
tion of regions (Fig. 1) is not uniform.

Taking into account the fact that under the given ap-
proach, almost half of the oblasts will be in one interval ac-
cording to the gross income indicator, and one or two oblasts —
in the others, we used a graphical method to group the regions
of Ukraine according to income-oriented characteristics
(Fig. 2).

So, the graphical presentation of the average values of the
gross regional income per capita for the eight-year period in
each of the studied regions of Ukraine allowed determining
the upper and lower threshold limits, that is, the levels of the
studied indicator, which make it possible to distinguish groups
of regions with the lowest and highest values.

With this approach, we can distinguish two clearly defined
groups of regions:

1) oblasts with the minimum value of the studied indica-
tor: Transcarpathian, Luhansk and Chernivtsi;

2) oblasts with the maximum value of the studied indica-
tor: Vinnytsia, Dnipro, Kyiv, and Poltava. All remaining re-
gions were divided into two additional groups;

3) with high values of the studied indicator: Zaporizhzhia,
Mykolaiv, Odesa, Kharkiv, Cherkassy oblasts;

4) with average values of the studied indicator: Volyn, Do-
netsk, Zhytomyr, Ivano-Frankivsk, Kropyvnytskyi, Lviv,
Rivne, Sumy, Ternopil, Kherson, Khmelnytskyi, Chernihiv
oblasts.

Subsequently, regression models were built for the entire
panel series of data and for each of the separately defined
groups of regions, which, in a generalized form, have the fol-
lowing form for the panel series of data [6]
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where i stands for the index of the economic object; ¢ is a point
in time; a; denotes coefficients of independent variables Z;, at
the point in time ¢ for the object i; g, is the corresponding er-
ror; X;, is the forecast (calculated) value of the dependent vari-
able for the i” economic object at the point in time 7.

The specificity of panel data is the presence of two dimen-
sions, according to which the research is conducted. One di-
mension is individual economic units, that is, in our case, the
regions of Ukraine, and the other corresponds to any given
point in time.

The balance of panel data is determined by their availabil-
ity for each parameter, that is, the absence of missing data.
Since in our case all studied data are available for each period
and for each region, there are reasons to speak of fully bal-
anced panel data.

In the course of panel studies, it is advisable to use fixed
effects models in cases when individual objects of observation
that have a set of individual characteristics are available, and
random effects models — in case of forming a sample random-
ly from a larger aggregate. However, since such differentiation

B Volyn, Zhytomyr, Trancarpathian, Luhansk, Ternopil, Kherson, Chernivtsi
oblasts (14.1 —24.4 thsd. UAH)
® Donetsk, Ivano-Frankivsk, Kropyvnytskyi, Lviv, Mykolaiv, Odesa, Rivne,
Sumy, Khmelnytskyi, Cherkasy oblasts (24.4 — 34.8 thsd. UAH)

0 Zaporizhzhia, Kharkiv oblasts (34.8 —45.1 thsd. UAH)

O Poltava, Kyiv, Dnipro oblasts (45.1 — 55.4 thsd. UAH)
¥ Vinnytsia oblast (55.4 — 65.8 thsd. UAH)

Fig. 1. The share of regions that are included in each of the
defined intervals according to the indicator of gross regional
income per capita, %
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Fig. 2. Graphical method of grouping regions of Ukraine according to the indicator of the gross regional income per capita, UAH

does not always make sense, first of all, we tested the deter-
mined panel data for the choice of the panel regression con-
struction method — the use of fixed or random effects (Ta-
ble 2).

The analysis carried out using Gretl software environment
made it possible to draw several main conclusions. First, for all
studied groups of regions, a higher level of significance and a
larger number of indicators with high significance are present
precisely under the conditions of application of the random
effects regression model. The only exception is the 4 group of
oblasts grouped by income-oriented characteristics, that is,
the group with average values of the GRP indicator per capita.

The second important conclusion is that some of the most
significant indicators in the context of change in the studied
parameter are common to the vast majority of isolated groups
of Ukraine’s oblasts. At the same time, the only indicator that
demonstrates the highest level of significance in absolutely all
cases is N 3, i.e. the output at basic prices.

The smallest number of indicators with a high level of sig-
nificance is present in the group of regions of Ukraine “East”
and in the group of regions with high values of the gross re-

gional product per capita, but even in these cases, when apply-
ing the random effects regression model, its previous specifi-
cations are better, which allows to precisely use them in the
process of further analysis.

Since insignificant variables were present in each of the
variants of the regression models built by us, their successive
extraction was applied in order to establish all possible signifi-
cant parameters for the formation of GRP in the regions of
Ukraine. The obtained results for the entire totality of oblasts
of Ukraine are shown in Table 3.

The actual sequential removal of redundant variables was
carried out using the classical method of least squares (LSM)
in Gretl environment. Thus, each of the studied independent
variables belonged to the category of insignificant in the case
when the chance probability of the relationship between it and
the dependent variable exceeded 10 % (0.1). At the same time,
one-by-one sequential removal of redundant variables with
subsequent verification of the level of significance of the re-
maining ones was carried out until at least one non-significant
variable remained in the resulting model. Similarly, in the pro-
cess of building panel regression models, regressors were ex-

Table 2

The results of evaluating the significance of regression models for different groups of regions

Group of regions

Fixed effects model

Random effects model

All regions in general

Const™; N 37" N 4™, N 5", N 6™, N 10™; N 11"; N 14"; N 17

North

N 3™ N 11" N 9

N 3% N 11 N 9

South N3 N 6% N8 N9 N 17" N3 N 6% N8 N9™; N 10" N 14™; N 17**
West N 3" N 13", N 19" N3 N 7% N 10™; N 13**"; N 19"
East N 3 N 3
Centre Const™; N 37, N 4**; N 5*; N 6"**; N 8", Const™; N 3*; N 4™, N 5% N 6, N 87*; N 10™*; N 12*%;
N 10**; N 12**; N 14***; N 15*; N 17" N 147 N 15", N 17"
Groups of oblasts based on income-oriented characteristics
1) group N 3™ N 3** N5 N 10*; N 18"
2) group N3 N 4™ N9 N 12% N 11™; N 14" N3 N 4™ N 9™ N 11™; N 12*"; N 14™
3) group N 3= N 3**; N 4*
4) group Const™; N 3%, N 4% N 5%, N 6"; N 10™; Const™; N 3, N 4%, N 5%, N 6°*; N 10™*; N 16™*; N 17*%;

12" N 16" N 17" N 18"

N 18***

* statistical significance at the 0.1 level;
" statistical significance at the 0.05 level;
" statistical significance at the 0.01 level
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Table 3

The random effects panel regression model for the indicator of the gross regional product in Ukraine

Indicator Coeflicient Standard error V4 P-value Significance
const —6,249.21 1,258.64 —4.965 6.87¢-0,7 -
output at basic prices 0.4755 0.00712 66.76 0.0000 -
volume of output in extractive industries 0.1744 0.01418 12.30 8.94e—035 -
volume of output in the processing industry -0.5287 0.02963 -17.85 3.04e-071 -
gross value added in the processing industry 1.82699 0.157136 11.63 3.01e-031
population expenditure per person 0.121719 0.02026 6.009 1.87e-09 -
number of available population 0.00379 0.000604 6.275 3.50e-010 -

Estimation indicators of the model
Indicator Value Indicator Value
Average of dependent variables 104,223.4 Standard deviation of residual variables 84,557.08
Sum of quadratic residues 1.83e+09 Standard model error 3,137.735
Log-likelihood -1,815.230 Akaike criterion 3,644.459
Schwarz criterion 3,667.262 Hannan-Quinn criterion 3,653.694
Rho parameter —0.198877 Durbin-Watson statistic 2.031920

cluded for which the presence of multicollinearity — linear de-
pendence — was detected. In this case, the calculation was car-
ried out using the VIF (variance inflation factor) criterion,
which makes it possible to estimate the increase in variance due
to the linear dependence of the factor (independent variable)
on other independent variables. So, with a VIF value > 10, the
independent variable was subject to exclusion as characterized
by pronounced multicollinearity with respect to the other re-
gressor (regressors).

The greatest impact on the indicator of the gross regional
product, if we talk about Ukraine in general, is carried out by
a change in the indicator of the gross added value in the pro-
cessing industry, which is explained by the very methodology
of calculating the studied indicator. The indicator of the num-
ber of available population has the least influence on the vol-
ume of GRP, although its dynamics also has the highest sig-
nificance level in terms of the influence on the change in the
studied indicator. The expression of the inverse dependence
between the volumes of GRP and output in the processing in-
dustry of each of the studied oblasts is another interesting
point. In other words, an increase in the volume of output in
the processing industry leads to a decrease in the volume of the
gross regional product. Of course, the reliability of the given
model is not indisputable and too high values of the Schwarz,
Akaike and Hennan-Quinn information criteria indicate the
need for its further improvement, but such results require fur-
ther in-depth research of the specified issue.

In addition, although the given regression dependence
provides the possibility of forecasting the studied indicator
with an average percentage error of 0.08 %, however, for cer-
tain oblasts — Dnipro, Lviv, Kyiv, Odesa and Cherkasy — when
it is applied, the forecast residues will exceed the size of the
standard error by 2.5 times, and, therefore, there are other —
specific — factors of influence on the volumes of formation of
the gross regional product, which can be revealed in the pro-
cess of researching individual regional groups.

As already noted, we used the territorial grouping of oblasts
of Ukraine into five groups, distinguishing the northern,
southern, central, eastern and western oblasts. A similar panel
regression modeling was carried out for each group of oblasts,
the results of which are presented in Table 4.

The conducted research made it possible to note that for
the country’s oblasts grouped according to the principle of ter-
ritorial location, not only the key factors in the constructed
regression dependencies are differentiated, but also their num-
ber. In particular, the smallest number of significant factors for
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the resulting indicator, that is, for the GRP indicator, was
found regarding the central and northern oblasts, and the larg-
est number — in the eastern oblast. So, while the panel regres-
sion model for the gross regional product of the central oblasts
includes only five indicators, together with the constant, the
similar model for the group of oblasts in the east of our country
already contains 12 indicators. This situation can be explained,
first of all, by the high level of differentiation in the oblasts of
the East in terms of the spectrum of the investigated indicators.

For the northern oblasts of the country, an important fac-
tor of the change in the volume of the gross regional product,
as evidenced by the data of the obtained calculation models, is
the number of the workforce. It is this factor and, to a lesser
extent, the average monthly salary in the oblasts of this group
that have the greatest influence on the studied variable. At the
same time, while an increase in the salary indicator positively
affects the dynamics of GRP, the per capita income indicator,
on the contrary, has a strong inverse effect: its growth leads to
a decrease in the indicator of the gross regional product. The
factor of the number of available population also has a negative
impact on the studied indicator in the northern oblasts, the
growth of which also negatively affects the indicator of the
gross regional product.

On the other hand, in the south of Ukraine, the spectrum
of significant factors in the formation of GRP is much wider,
as the conducted research showed. Here, first of all, it is worth
noting the very considerable inverse relationship between the
number of the unemployed population and the studied vari-
able: an increase in the number of the unemployed is accom-
panied by a decrease in the gross regional product.

At the same time, a strong inverse relationship also occurs
with regard to the indicator of the employed population in the
studied region, the growth of which is inevitably accompanied
by a decrease in the GRP indicator. Such a situation allows us
to assume that for the gross regional product of the South of
Ukraine, shadow employment, in which workers are not in-
cluded in the category of economically active population, is
very significant.

Another important factor for the southern oblasts is the
share of the processing industry in the output. Thus, even mi-
nor changes in this indicator can lead to significant direct
changes in GRP. The southern region of Ukraine is not very
powerful in terms of industrial development, although, as the
data obtained show, the development of industry in this region
is one of the most important factors for the growth of the gross
regional product.
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Table 4

Random effects panel regression models for the indicator of gross regional product of the regions of Ukraine, grouped

by territorial characteristics

Indicator Coefficient | Standard error | V4 | P-value Significance
Northern oblasts
const 2,433.78 2,225.19 1.094 0.2741
output at basic prices 0.447926 0.0051 87.11 0.0000 o
population income per person -0.7654 0.1476 -5.187 2.13e-07 o
average monthly salary 5.89464 0.925781 6.367 1.93e-010 o
number of available population —0.0418 0.01249 -3.350 0.0008 -
labor force aged 15—70 92.9018 28.2816 3.285 0.0010 -
Southern oblasts
const 12,687.4 4,306.63 2.946 0.032
output at basic prices 0.4053 0.0100 40.18 0.0000 o
volume of output in extractive industries 0.744326 0.303722 2.451 0.0143 "
gross value added in the processing industry —0.506848 0.194565 -2.605 0.0092 -
share of the processing industry in output 427.310 163.375 2.616 0.0089 -
employed population aged 15—70 -312.514 74.9712 —4.168 3.07e-05 -
population income per person 0.722249 0.09524 7.584 3.36e-014 -
population expenditure per person -0.2093 0.06842 -3.059 | 3.98e-06 o
number of available population 0.158945 0.03446 4.612 3.98e—06 -
unemployed population aged 15—70 -1,060.39 175.349 —6.047 1.47¢-09
Western oblasts
const 9,264.24 4,446.77 2.083 0.0372 -
gross regional product per person -0.162125 0.0351899 -4.607 | 4.08¢e-06 -
output at basic prices 0.487908 0.00606881 80.40 0.0000 -
average monthly salary -0.904411 0.477579 -1.894 0.0583 *
capital investments 426.06 80.0494 5.322 1.02e-07 -
number of available population 0.0117760 0.00172 6.814 9.48e-012 o
number of pensioners of all categories —0.03672 0.00532 —6.892 | 5.52e-012 -
Eastern oblasts
const -81,981.9 15,085.6 —-5.434 | 5.50e-08 -
gross regional product per person 2.03608 0.182177 11.18 5.32e-029
gross value added in the processing industry 2.21886 0.200875 11.05 2.29e-028 -
population expenditure per person 0.287828 0.116780 2.465 0.0137 -
consumer price index 251.277 69.4448 3.618 0.0003 -
number of available population 0.0346570 0.00667 5.194 2.05e-07 o
labor force aged 15—70 —-19.5039 3.13307 —6.225 | 4.81e-010 -
number of people employed in industry aged 15—70 -309.471 80.1366 -3.862 0.0001 -
average number of full-time employees 29.3103 10.1528 2.887 0.0039 -
number of pensioners of all categories -0.054414 0.01265 -4.300 1.71e-05 o
employed population aged 15—70 61.9794 15.7884 3.926 8.65¢-05 -
population income per person —0.333981 0.19028 -1.755 0.0792 *
Central oblasts
const -10,161 2,873.32 -3.536 0.0004 -
gross regional product per person 0.302543 0.027398 11.04 2.38¢-028 -
output at basic prices 0.358 0.00706 50.65 0.0000 o
volume of output in extractive industries 0.177215 0.021132 8.386 5.05¢-017
number of available population 0.00654 0.00156 4.205 2.61e-05 o
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The panel regression model for the western oblasts of
Ukraine made it possible to establish that capital investment is
one of the determining factors of GRP growth in the region.
So, it is this factor that has the greatest direct influence on the
value of the studied variable, that is, even its minor fluctua-
tions are accompanied by significant deviations of the final
GRP sums. In addition, three inversely related coefficients are
present in the regression model for the western oblasts: the
gross regional product per person, the average monthly salary,
and the number of pensioners of all categories. This situation,
from our point of view, is associated with significant rates of
reduction in the number of the available population, as a result
of which there is a discrepancy in the dynamics of GRP indi-
cators and gross regional product per capita. The inverse rela-
tionship between GRP and salary is a result of a relatively
lower level of shadowing of economy of the western regions,
during which the growth of expenses for the maintenance of
production personnel is reflected in the costs attributed to the
cost price, and, therefore, negatively affects the indicator of
gross added value.

The constructed regression model for the eastern oblasts,
as noted earlier, contains the largest number of coefficients,
although this group includes only three oblasts. Therefore,
such a result indicates significant differences in the develop-
ment and formation of the gross regional product in the stud-
ied regions. The greatest importance for the GRP of the East
of the country is the number of people employed in industry,
even a slight reduction of which is accompanied by a notice-
able decrease in the total volume of the studied indicator. It is
also important to note that the GRP indicator in these oblasts
has a strong direct relationship with the values of the consum-
er price index.

Another important point to note is the presence of a strong
direct relationship between GRP and the employed popula-
tion, as well as a strong inverse relationship of the labor force
indicator. Thus, the increase in the level of employment in the
region rather positively affects the growth of the analyzed indi-
cator, but the inverse relationship of the labor force indicator in
this case can be explained by the increase in its composition of
the unemployed population in the region. Also, a very impor-
tant factor for the formation of the gross regional product of the
eastern oblasts is the average number of full-time employees.
That is, we can say that the eastern oblasts are regions of a high
level of industrial development, for which the key element in
increasing GRP is maintaining a high level of employment. So,

although the industry of the eastern regions is highly devel-
oped, it is not at all characterized by a high level of technologi-
cal development, because the results of its activity are clearly
related to the number of people employed in production.

For the central oblasts of the country, the constructed re-
gression model has the smallest number of coefficients and, at
the same time, does not contain indicators with a high or neg-
ative level of influence. In this case, the greatest connection
can be observed between GRP indicators and output volumes
of extractive industries, as well as gross regional product per
person. In this context, we should point out that the oblasts
assigned to this group are too different in socio-economic
conditions of development, which did not make it possible to
build a more reliable model. In addition, forecasting GRP us-
ing the given coefficients is impossible for Dnipro oblast, since
in this case the forecast residues will exceed the size of the
standard error by 2.5 times.

Additional parameters of the given regression models, as
well as values of test scores and criteria, are summarized in
Table 5.

The given data prove the insufficient reliability of the de-
veloped models specifically for predictive calculations, how-
ever, at the same time, they are quite reliable for explaining the
most important factors and processes of influence on GRP,
based precisely on the main indicators of socio-economic de-
velopment and the labor market of the oblasts. In addition,
and what is quite important, the result of the Durbin-Watson
statistic made it possible to note the absence of autocorrelation
in the selected sets of indicators — its worst value (1.43) is only
for the group of central oblasts.

The regression models for the northern and eastern oblasts
of the country are the most reliable, considering the given test-
scores, and the results obtained for the group of western oblasts
have the least reliability.

So, while for the North and the East the average percent-
age error of the forecast is —0.007 and 0.07 %, respectively, for
the group of western oblasts it is —4.93 %. Furthermore, the
values of the Schwarz, Akaike and Hannan-Quinn informa-
tion criteria, which should go to zero, exceed 1,300 exactly for
the group of western oblasts. That is why additional modeling
was carried out using an income-oriented feature when group-
ing the oblasts. The specifications of the obtained regression
models are summarized in Table 6.

A preliminary analysis of all presented models for certain
groups of oblasts allowed us to note that in each of them there is

Table 5

Specifications of random effects panel regression models for the indicator of the gross regional product of the regions of Ukraine,

grouped by territorial characteristics

Indicator North South West East Centre
Average of dependent variables 93,154.72 106,678.3 68,505.38 138,951.4 147,426.5
Sum of quadratic residues 39,179,133 1.11e+08 2.54e+09 49,470,223 3.59¢+08
Log-likelihood —-269.6927 -286.4 —-650.7 -208.52 -376.94
Schwarz criterion 560.1799 607.5 1,330.5 455.2 772.33
Akaike criterion 551.39 592.85 1,315.4 441.04 763.9
Hannan-Quinn criterion 554.3 597.7 1,321.4 444.8 766.9
Standard deviation of residual variables 64,412.05 62,618.77 51,654.46 91,305.03 120,496.2
Standard model error 1,204.6 2,201.6 6,619.1 1,950.74 3,156.96
Average percentage error —-0.007 —-0.36 -4.93 0.07 0.10
Durbin-Watson statistic 2.14 2.06 1.82 1.90 1.43
Rho parameter 0.154296 —-0.2351 -0.0147 0.0038 0.12
Intergroup variance 720,429 2.02275e+006 6.80713e+007 1.41258e+006 1.56066e+006
Intragroup variance 735,406 836,264 979,936 1.1805e+006 7.7283e+006
Corr (y, yhat)? 0.999697 0.999448 0.98749 0.999742 0.999366
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Table 6

Random effects panel regression models for the indicator of the gross regional product of the regions of Ukraine, grouped by
territorial characteristics

Indicator Coefficient Standard error V4 P-value Significance
oblasts with the minimum GRP value per person
const -1,673.71 718.349 —2.330 0.0198 .
output at basic prices 0.613522 0.0237 25.88 1.10e—147 -
volume of output in the processing industry -0.977234 0.1465 —6.669 2.57e-011 -
gross value added in the processing industry 3.47400 0.55033 6.313 2.74e-010 e
population income per person -0.06414 0.0377 -1.700 0.0892 *
oblasts with the maximum GRP value per person

const -29,031.9 15,998.1 -1.815 0.0696 *

output at basic prices 0.329055 0.01754 18.76 1.56e-078 -
volume of output in extractive industries 0.2878 0.04236 6.795 1.08e—011 o
average monthly salary 5.25785 0.6734 7.808 5.82e-015 e
number of available population 0.124244 0.03848 3.228 0.0012 e
labor force aged 15—70 -284.99 75.95 -3.75 0.0002 -
unemployed population aged 15—70 —333.052 87.93 -3.79 0.0002 -
average number of employees 123.205 27.03 4.56 5.17e-06 e
consumer price index 194.39 91.16 2.132 0.0330 -

oblasts with high GRP values per person
const -7,613.40 3,035.54 -2.508 0.0121 -
output at basic prices 0.459583 0.01292 35.57 3.95e-277 -
volume of output in extractive industries 0.250085 0.04837 5.169 2.35e-07 -
gross value added in the processing industry —0.999685 0.07601 —-13.15 1.67e-039 -
population income per person 27.5615 7.82009 3.524 0.0004 -
average number of full-time employees 0.29645 0.06901 4.296 1.74e-05 e
oblasts with average GRP values per person

const —4,558.79 1,283.52 -3.552 0.0004
output at basic prices 0.476438 0.01175 40.55 0.0000 e
volume of output in the processing industry -0.2582 0.05160 -5.003 5.63e-07 -
gross value added in the processing industry 1.06938 0.309805 3.452 0.0006 -
population expenditure per person 0.105052 0.0163945 6.408 1.48e-010 o
number of people employed in industry aged 15—70 -81.5747 18.5373 -4.401 1.08e-05
unemployed population aged 15—70 —107.640 31.1990 —3.450 0.0006 -
average number of full-time employees 61.4747 8.91588 6.895 5.39e-012 -

a direct relationship between the volume of output at basic pric-
es and the studied indicator. At the same time, whereas in groups
of oblasts with minimum and average values of GRP per capita
there is a connection of the studied indicator with the volume of
output in the processing industry, in groups of oblasts with high
and maximum volumes of GRP per capita — with the volume of
output in extractive industries. There is one more important as-
pect — in regions with lower indicators of GRP per capita, the
relationship between the volume of gross regional product and
the volume of output in the processing industry is inverse, while
in more profitable regions — the relationship between GRP and
the volume of output in extractive industries is direct. Therefore,
we can conclude that the active development of extractive in-
dustries is one of the key factors of high profitability of the re-
gions. As for other aspects of the formation of the gross regional
product, they differ for each of the isolated groups of oblasts.
Thus, for example, in the group of regions with the maxi-
mum value of GRP per person, there is a strong inverse con-
nection with indicators of the labor force and the unemployed
population, as well as a close direct relationship with the aver-

age number of full-time employees and the consumer price
index. This, again, is indirect evidence of a not too high tech-
nological level of production activity, the volume of which de-
pends more on the number of production personnel than on
technological development and automation of production
processes. In the regions with high values of GRP per person,
the indicator of population income per person has the greatest
influence on the formation of the analyzed indicator, which
shows a significant increase in the volume of commercial ac-
tivity, the added value of which is formed due to mark-ups,
and the final sums of gross profit are formed owing to consum-
ers spending their income. In the regions with average values
of GRP per person, on the other hand, indicators of the un-
employed population, the average number of full-time em-
ployees and the number of people employed in industry have
the greatest influence on its formation.

In any case, the analysis of panel data and the models ob-
tained as a result are not absolutely reliable in the context of the
formation of GRP, as evidenced by their individual test scores
(Table 7). Although autocorrelation was not detected in rela-
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Table 7

Random effects panel regression models for the indicator of the gross regional product of the regions of Ukraine, grouped by

GRP per capita
oblasts with the oblasts with the oblasts with high oblasts with average
Indicator minimum GRP maximum GRP value GRP values per GRP values per

value per person per person person person
Average of dependent variables 38,591.17 193,120.4 131,962.0 79,441.40
Sum of quadratic residues 14,067,229 3.97e+08 3.10e+08 2.82e+08
Log-likelihood —-193.4302 -306.7523 —-374.0209 -851.0648
Schwarz criterion 402.75 644.6962 770.1750 1,738.644
Akaike criterion 396.86 631.5046 760.0417 1,718.13
Hannan-Quinn criterion 398.42 635.8772 763.7056 1,726.42
Standard deviation of residual variables 15,162.34 118,813.5 70,575.36 54,528.59
Standard model error 838.6665 4,068.020 2,976.040 1,779.656
Average percentage error 0.11 -0.06 —0.10 0.05
Durbin-Watson statistic 1.9093 2.32 1.9353 1.9764
Rho parameter -0.15097 -0.2523 —0.1687 468,389
Intergroup variance 14,227.1 3.96415e+006 391,246 2.54799¢+006
Intragroup variance 577,030 1.00234e+007 7.44199¢+006 0.363794
Corr (y, yhat)? 0.99734 0.999092 0.9984 0.999002

tion to the panel series of data used in the modeling, and the
average percentage error in forecast calculations does not ex-
ceed 0.11 %, the values of the information criteria remain too
high, as well as the size of the standard error of the model. It
indicates the need for further research both in the direction of
selecting groups of oblasts, and in relation to the set of analyzed
indicators to ultimately obtain a reliable predictive model.

At the same time, the conducted research made it possible
to point out the presence of clear dependencies and specific
features in the formation of the gross regional product in the
oblasts of Ukraine and, in particular, to establish an extremely
high level of direct connection between the indicators of the
real economy and the volume of GRP. Of course, each region
is characterized by its own specific features of development
which have a significant impact on the scope of the studied
indicator and which are difficult to detect within the frame-
work of a panel analysis. However, this approach makes it pos-
sible to determine group characteristics and regularities of de-
velopment and, based on this, to more carefully approach the
formation of the regional development program. In addition,
the obtained results are of particular importance in the context
of the formation of strategies and programs for the post-war
economic recovery of the regions and, in particular, the fore-
casting of possible consequences both in terms of the loss of
human, industrial or agricultural potential for the territories
where hostilities were directly fought, and in terms of a signifi-
cant population growth and changes in the structure of the
economy of the regions located far from the front.

Conclusions. The conducted two-dimensional analysis of
panel data on individual indicators of the development of the
regions of Ukraine in general and their aggregates, separated
by territorial location and profitability, made it possible to note
that the results of functioning of extractive industry enterprises
have a significant weight in the context of formation of GRP.
Precisely those oblasts where there is a close connection be-
tween the values of the studied variable and output in the ex-
tractive industries are also characterized by the highest levels
of gross regional product per capita. The dynamics of some
individual labor market indicators are also important for cer-
tain groups of oblasts in the context of the GRP formation.

In general, the specifications of panel regression models
obtained in the course of the study made it possible to deter-
mine the list of the most significant in the context of formation
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ofthe gross regional product of one or another group of oblasts
parameters, key factors and specific features of the change in
the GRP indicator. In the future, they can be used as the key
ones in forecasting indicators of the development of individual
regions, as well as in the process of forming programs and
plans for improving the indicators of socio-economic develop-
ment of individual regions.

At the same time, since the given panel regression models
are not perfect, in further studies it is necessary to refine them
using a wider range of indicators of regional development or to
expand the list of criteria for grouping oblasts of Ukraine in
order to establish general regularities and group features of the
dynamics of the studied indicators.
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Mera. 3pilicHeHHSI aHaNi3y MaHETbHUX NAHUX MIOHO
OKpEeMUX MOKa3HUKIB PO3BUTKY pErioHiB YKpaiHu B LiJIOMY
Ta X CyKyITHOCTe#, BUOKPEMJIEHUX 33 03HAKOIO TEPUTOPialb-
HOTO pO3TalllyBaHHS i1 JTOXiTHOCTI 3 METOI0 BCTAHOBJIEHHSI
OCHOBHUX 3aKOHOMIpHOCTEH i CrielMpiyHNX 0COOIMBOCTEI
3MiHU iX BaJIOBOIO perioHaJbHOTO MPOIYKTY.

Metoauka. Ha ocHOBI BUOIpKM CTATUCTUYHUX MTOKA3HU -
KiB COlliaJIbHO-€KOHOMIYHOTO PO3BUTKY oOsacteil YKpaiHu
3a nepion 3 2014 poky i1 10 TOBHOMACIIITAOHOTO BTOPTHEHHS
aBTOopamMu Oysiu chOpMOBaHi TMaHeIbHI psSaU JaHUX 3 BUO-
KPEMJIEHHSIM PeTiOHAJIbHUX TPYII 32 TEPUTOPiaJIbHUM i 10XilI-
HUM KpuTepisiMu. s KOXHOIO TPYIOBOTO MaHEIbHOIO
psiiy JaHUX TOOYAOBaHi perpeciiiii Moaesi 3 BUNaaKoBUMU
edexramMu 3 METOO BU3HAUYEHHSI HAsSIBHOCTi 3aKOHOMipHOC-
Tel i criennpiYHUX 0COOIMBOCTEI PETiOHATBLHOTO PO3BUTKY
B Pi3HUX rpymnax.

Pe3ynbTaTi. 3ailicHeHO aHaJli3 HAYKOBUX HaIpaIlloBaHb
i MPaKTUYHUX Pe3yJIbTaTiB Y MUTAaHHI BUSHAYEHHS KJIIOYO-
BUX YMHHUKIB (DOPMYBAHHST BAJIOBOTO PETiOHATBHOTO TIPO-
NyKTy. 3 OMJISIAY HA HEBU3HAYEHICTh Y TOTJIsIIaX Ha KJIIOYOBi
YUHHUKU PETiOHaJbHOTO PO3BUTKY, 3MiliCHEHA cripoba BU-
3HAYMTH X 32 JOMOMOTIOI0 JTBOBUMIpPHOIO aHaji3y IMaHelb-
HUX NaHuX. 3 i€l MeTolo copMOBaHa BUOIpKa CTAaTUCTUYI-
HOi iH(opMalii 111010 OCHOBHUX IMOKA3HMKIB COLiaJIbHO-
€KOHOMIUYHOIO PO3BUTKY KOXHOI 3 objacteit YKpaiHu Ta
MpoBeJeHe iX rPyNyBaHHS 3a IBOMA KPUTEPiIMU: TEPUTOPi-
aJTBHOTO PO3TAlIyBaHHS Ta AOXiTHOCTI 3a MOKAa3HUKOM Ba-
JIOBOTO PETiOHAJbHOTO TMPOAYKTY Ha AYUIy HacejJeHHs. Y
LIJIOMY BUOKPEMJICHI IT’ITh TPYIT 00JIacTei 32 TEpUTOpiaTb-
HOIO 03HAKOIO i YOTUPHU TPYIHU 00JacTeil 32 03HAKOIO TOXiM-
HOCTI i U1 KOXHOI 3 IMX I'PYIT, BKJIIOYHO i3 3arajbHOIO Cy-
KYITHICTIO perioHajJbHUX MaHEeJbHUX JaHUX, Oyja modyno-
BaHa MOJeJIb MTaHeabHOI perpecii. OTpuMaHi crienuikairii
MoJeJsieil Jau MOXKJIUBICTh C(POPMYBATU MEPENiK KIIOYOBUX
3aKOHOMipHOCTe# y opMyBaHHI BaJOBOTO PETiOHATHLHOTO
MPOAYKTY B YKpaiHi, a TAKOX BU3HAYUTU crielMdiuHi dak-
TOPY BIUITMBY Ha Pe3yJbTYIOUMI MOKAa3HUK I KOXHOI 3
rpyn oosacTeit.

HayxkoBa nosusna. Ha ocHOBi HaBeieHOTO MiAX0ay 10 Ma-
HEJIbHOTO aHaJli3y YNHHUKIB PeTiOHaJIbHOI'O PO3BUTKY i, 30-
KpeMa, (GOpMyBaHHSI BaJIOBOTO PETiOHATLHOTO TPOAYKTY,
0a30BaHOTrO Ha MOEHAHHI CTATUCTUYHUX METO/IiB IPYIyBaH-
Hs (KJ1acTepu3allii) oosacTeii 3a pisSHUMU KPUTEPIsSIMU i MO-
JieJieii maHeIbHOI perpecii OyJia MmiaTBepaKeHa rirore3a om0
HasSIBHOCTI CMiJIbHUX 3aKOHOMIPHOCTEU perioHaJIbHOTO PO3-
BUTKY B OKpeMHUX Ipynax obOsacreit YKpaiHu. BusHaueni
KJIIOYOBI YMHHUKHU Ta Crieln(idyHi 0COOJIMBOCTI 3MiHU TO-
Ka3HMKa BaJIOBOTO PEriOHAJIbHOTO MPOAYKTY B YKpaiHi B I1i-
JIOMY Ta B OKPEMUX PETiOHaTbHUX KIacTepax.

IIpakTiyHa 3HAYUMICTh. MOXKJIMBICTD MPAKTUYHOTO BU-
KOPUCTaHHSI OTPUMAHMX PE3YIbTaTiB B SKOCTI KIIOYOBUX
(axTopiB pu3uKy y mporueci GopMyBaHHS TUIaHIB EKOHOMiU-
HOTO PO3BUTKY OKPEMHUX 00JacTell y JOBrOCTPOKOBIHl Tep-
CIIEKTHUBI, a TAKOX 3aCTOCYBAHHSI 3aPOITOHOBAHOTO MiIXOMy
N0 TOCTIMXEeHHST KII0OYOBUX YNHHUKIB (DOPMYBAHHS iHIIINX
MOKA3HUKIB PETiOHATbHOIO PO3BUTKY.

KimouoBi cioBa: earosuil pecionanvruii npodykm, amaniz
NaHeAbHUX OAHUX, YUHHUKU Pe2iOHAAbHO20 PO3BUMKY
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