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MODELING OF EMPLOYMENT STRUCTURAL TRANSFORMATIONS
Abstract. The article presents the modelling of structural transformations in the

employment of the population by the algorithm: 1) forming a database and establishing the type of
mathematical model; 2) identification of variables; 3) exploring the forms of correlation between
factor features and the resulting variable; 4) parameterization of data; 5) drawing up the regression
equation; 6) economic interpretation of the results, in particular, the calculation of elasticity
coefficients; 8) validation of the model for adequacy (calculation of errors of approximation,
correlation coefficients and determination); 9) validation of the model for statistical significance
(Fisher criterion and Student’s
t-test); 10) forecasting: calculation of confidence intervals.

It is formed the statistical research base of the level dependence of the Ukrainian population
employment (selected regions) on a number of factors (share of full-time workers with higher
education in % to accounting number; growth rate of labor productivity; growth rate of average
wages; capital investment index; coverage ratio). The research was made due to data of the State
Statistics Service of Ukraine in the period of 2000—2016 in the Dnipropetrovsk, Kharkiv, Kyiv and
Vinnytsia regions. The dynamics of growth of selected factors for each region for the period 2000—
2016 is considered.

It is established and determined the economic and mathematical models of the level
dependence of the Ukrainian population employment (region) on the influence of selected factors
for Dnipropetrovsk, Kharkiv, Kyiv and Vinnitsa regions. The comparative analysis of the obtained
results is carried out.

It is established that the determinants that influence the dynamics of employment growth for
the industrial regions of Dnipropetrovsk and Kharkiv regions are the factors reflecting the share of
full-time employees with higher education, growth rate of labor productivity and the coefficient of
export coverage. It is made a comparative analysis of the built regional models (Dnipropetrovsk,
Kharkiv, Kyiv and Vinnytsia regions) with a mathematical model of multiple regression for the
analysis of structural changes in the employment of the population of Ukraine.

Keywords: regional economy, structural transformation, employment, econometric
modeling.
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MOJIEJIOBAHHS CTPYKTYPHUX TPAHC®OPMAIIINI
Y 3AMHATOCTI HACEJIEHHA

AHoranis. [lpencraBieHo MOJENIOBaHHS CTPYKTYpHUX TpaHcdopmariii y 3ailHATOCTI
HAaceJleHHs 3a aJropuTMOM: (QopMyBaHHs O0a3M JaHUX 1 BCTAHOBJIIEHHA BuAy abo TuIly
MaTeMaTU4YHOI MOJeNni; iAeHTU]IKamisl 3MIHHUX; AOCIUDKEHHS (HOpM 3B’A3KYy MDK (aKkTOpHUMU
O3HaKaMH Ta Pe3yJIbTATHBHOIO 3MIHHOIO; IMapamMeTpu3allisl JaHWX; CKIaJaHHS PIBHSHHA perpecii;
€KOHOMIYHA IHTEpIpeTalis pe3yJabTaTiB, 30KpeMa pO3paxyHOK KOE(IIi€EHTIB €IacTHYHOCTI;
nepeBipka MOl Ha a/leKBaTHICTh (PO3paxyHOK MOXMOOK anpokcumalii, KoeQIieHTiB KOpessLii
Ta JeTepMiHallii); mepeBipka MOJeNi Ha CTaTUCTHYHY 3HAYYHIICTh (KpuTepid dDimepa 1 Kputepii
CThIO/ICHTA); TPOTHO3YBAHHS; OOYKCIICHHS JIOBIPUMX IHTEPBAIIIB.

CdopmoBaHo cratucTHUHY 0a3y MOCHIIKEHHS 3aJIeKHOCTI PIBHS 3aifHSATOCTI HAaCEIEHHS
VYkpainu (00paHuX perioHiB) BiJ HU3KH (AKTOPIB (YACTKU IMITATHUX MPAIIBHUKIB 3 BUIIIOK OCBITOO
y BIJICOTKax 70 OOJIKOBOi YHCEIBHOCTI; TEMITy 3pPOCTaHHS MPOJYKTUBHOCTI IMpalli; TEeMITy
3pOCTaHHS CEPeHbOI 3apOOITHOT IUIaTH; 1HAEKCY KalliTAJIbHUX 1HBECTULIN; KOe(IIEHTa TOKPUTTS
eKCIIOPTOM IMIIOPTY) 3a JaHUMHM JlepikaBHOT cily>kOu craTUCTUKM YKpainu y nepiox 2000—2016
poxu y JlHimpomeTpoBchKiid, XapkiBchki, KwuiBchkili 1 BinHuIBKIA oOnactsx. PosrmsHyTO
JUHAMIKY pocTy 00paHuX (akTopiB [yl KOKHOTO periony 3a nepiog 2000—2016 poxwu.

[ToOynoBaHo 1 JOCHIIKEHO EKOHOMIKO-MATEMaTHMYHI MOJEN1 3aJeKHOCTI PIBHS 3alHSITOCTI
HacesleHHs1 YKpainu (perioHy) Bix BIUMBY oOpaHuX (hakTopiB s JIHIMponeTpoBChKOi, XapKiBChKOT,
KuiBcrkoi 1 Binauibkoi oomacreii. [IpoBeaeHo MOpiBHSIIBHUN aHAI3 OTPUMAHUX PE3YJIbTaTIB.

VYcTaHoBIeHO, 10 BU3HAYAIbHUMU (aKTOpaMH, sIKl BIIMBAIOTh HA JUHAMIKY POCTY PIBHS
3alHSTOCTI, IS IPOMHUCIOBUX PerioHiB J{HIMpomeTpoBCchKoi Ta XapKiBChbKOi obmacteii € pakTopu,
o BigoOpakarOTh YacTKy INTaTHUX TMPAI[iIBHUKIB 13 BHIIOK OCBITOK, TEMI 3POCTaHHS
IPOJYKTUBHOCTI Ipali Ta KOE()ILIEHT MOKPHUTTS €KCIIOPTOM IMIOPTY. 3AICHEHO MOPIBHAJIbHUN
a”Has3 noOyJoBaHMX perioHanbHUX Mojened ([nimponerpoBcrkoi, XapkiBcbkoi, KuiBcbkoi Ta
Binnunpkoi obmacteii) 3 MaTeMaTHYHOIO MOJIEIUII0 MHOXUHHOI perpecii st aHaii3y CTPYKTYpHUX
3pylIeHb Yy cepl 3alHATOCTI HACEJIICHHS Y KpaiHH.

Knrouoei cnoea: exkoHOMIKa pErioHy, CTPyKTypHa TpaHcopMalls, 3alHSATICTb,
€KOHOMETPHYHE MOJICITIOBAHHS.
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MOJEJIUPOBAHUE CTPYKTYPHBIX TPAHC®OPMAIIUM
3AMHSATOCTHU HACEJEHUA

AHHoTanus. IIpeacraBieHo MoJAEIMpPOBaHUE CTPYKTYPHBIX TpaHCPOpMaluil B 3aHATOCTH
HaceneHus. [locTpoeHbl M HCClIeOBaHbl SKOHOMHMKO-MAaTEMaTUYECKHUE MOJENIN 3aBHCHUMOCTH
YPOBHsI 3aHATOCTH HaceleHuss Ykpaunbl (JlHempomeTrpoBcko#, XapbkoBckod, KueBckodr wu
Bunnunnkoit o0nacreit) ot psiia GakTopoB (J10JIM IITATHBIX pAOOTHUKOB € BBICIIUM 00pa30BaHUEM B
IPOLIEHTAX K YYETHON YHUCIEHHOCTH; TeMIa POCTa IMPOU3BOJUTENBHOCTH TpyJa; TeMIa pocTa
cpenHeil 3apaOOTHOM MaThl; WMHAEKCA KAaNUTAJIbHBIX HMHBECTULUH, KOXPQHUIMEHTa MOKPBITUS
KCopToM uMmnopTa). IlpencraBieH CpaBHUTENBHBIM aHaAIW3 IOJIYYEHHBIX pE3YJIbTATOB.
[IpowusBeneHo CcpaBHEHHWE NOCTPOCHHBIX PETMOHAIBHBIX MOJEIEH C MAaTeMaTUYECKOW MOJAEIbIO
MHOKECTBEHHOM pErpeccuu [uid aHajliu3a CTPYKTYPHBIX M3MEHEHHMM 3aHSATOCTH HACEJIEHUs
YKpauHsl.

Kniouegvle cnoea: SKOHOMUKA pETrHOHA, CTPYKTypHas TpaHchopMalus, 3aHATOCTb,
SKOHOMETPUYECKOE MOJIEIIUPOBAHUE.

®dopmyn: 7; puc.: 5; Tabmn.: 1; 6ubm.: 13.

Introduction. In the system of socio-economic research, the considerable attention is paid
to the research of regional differences by major macroeconomic indicators and their sensitivity to
the influence of exogenous and endogenous factors. Such approach to the study of the meso-level
markets is, first, connected to the fact that the economies of the regions directly influence the
competitiveness of the national economy, and the last may in its turn affect the development of
certain sectors of specific regions, which inevitably affects the employment of the population.
Among the domestic scientists who devoted their research to the interrelation of structural changes
of macro- and meso-level of economics and employment of the population it should be noted A.
Balashov (research of problems of estimation of regional disparities of social development) [1]; T.
Burbela (estimation of influence of structural changes in economy on production efficiency) [2]; L.
Ilich (modeling of educational and qualification imbalances between labor supply and demand) [3];
A. Kramarenko (analysis of structural changes in the world economy and employment due to the
evolution of technological structures) [4]; Marshavina Yu. (modelling the relationship between
employment and the most important factors of demand) [5]; V. Reutova (determining regional
disproportion in structural changes in the economy) [6] and others.

Among the outstanding works of foreign scientists devoted to the study of the relationship
between regional socio-economic development and employment are the researches of Grimes PW,
Ray MA [7], D. C. Knudesen [8], D. Wadley, P. Smith [9], A. M. Mulligan, A. Molin [10], B.
Batog, J. Batog [11], J. A. Brox, E. A. Carvalho [12].

Analysis of research and statement of the problem. The labor market is a factor market,
on the relationship and evolution of the basic elements depend the nature and specificity of both
economic and social processes. Being the most specific subsystem of the economy and at the same
time its driving force, the labor market determines the prospects for sustainable economic and
innovative development, which are primarily related to the quality characteristics of the workforce
and decent working conditions. More current issue is the estimation of employment sensitivity to
macroeconomic factors, which will allow to improve qualitatively the macroeconomic forecasting
in this area.

The purpose of the article is to develop a methodology for economic and mathematical
modelling of structural changes in the employment of the population of Ukraine (region), depending
on the impact of the share of highly educated workforce; dynamics of labor productivity; average
wages; capital investments; export and import of goods and services.
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The research is based on the use of economic and mathematical scientific methods using MS
Excel, including methods of correlation analysis, mathematical modelling, tabular and graphical
methods of analysis. The modelling is made in several stages: 1) the forming a database and
establishing the type or type of mathematical model; 2) identification of variables; 3) exploring the
forms of correlation between factor features and the resulting variable; 4) parameterization of data;
5) drawing up the regression equation; 6) economic interpretation of the results, in particular, the
calculation of elasticities; 8) validation of the model for adequacy (calculation of error estimation,
correlation coefficients and determination); 9) validation of the model for statistical significance
(Fisher criterion and Student’s t-test); 10) forecasting: calculation of confidence intervals.

Results of the research. To identify the sensitivity of employment of the population of the
country (region) to changes in the economic system, let us use the method of mathematical
modelling, which is widely used in applied economic researches.

It is clear that there are many factors that determine the multidirectional vectors of structural
changes in employment, but we should remember that the economic and mathematical model must
meet the objectives of the research, to reflect the strong relationship between the variables, have
practical use, be adequate and simple in use. An economic-mathematical model, which is capable to
satisfy all of the above conditions, will be able not only to objectively estimate the dependence of
employment on structural changes in factor features, but also to forecast the possible changes what
create the preconditions for creating a reliable information base to support the decision acceptance
of management decisions on socio-economic development of the country (region) and the
development of appropriate strategies.

The purpose of the econometric model is to establish and research the relation between the
employment level of the population of Ukraine (region) on the influence of macroeconomic factors.
The choice of factors was made on the basis of possible relationship between them and the
availability of statistical information sufficient to perform the econometric modelling. To achieve
the research goal, there are the following tasks: to investigate the relationships between selected
factors at the country and region level; to determine their impact on the employment of the
population of the country and the region; to conduct a comparative analysis of the results.

As the research object it was identified the industrial regions dominated by material-intensive
and energy-intensive industries with low added value and extensive use of workforce
(Dnipropetrovsk region). The production potential basis of this region consists of enterprises of
high-tech industries: energy mechanical engineering, electrical engineering, electronics, radio
engineering, aerospace industry (Kharkiv region), where the construction is dominated, real estate
operations and financial services (Kyiv region), and the region dominated by the agro-industrial
complex and the food industry (Vinnytsia region). The diversity of this sample, which covers the
main directions of economic development of the country, will allow making a comprehensive
approach to the task of analysing the dynamics of employment at the regional and national levels.

The task of building an economic and mathematical model that reflects the dependence of the
employment of population of the region on the influence of the selected factors in each of the
selected areas will be solved with the help of the application software MS Excel. To calculate
mathematically the possible relationship between employment and the above factors, let us use the
statistics of the State Statistics Service of Ukraine for the period 2000—2017.

The initial phase for building an econometric model is to identify the variables. According to
the identification results we get: ¥ — employment rate of the population in the corresponding
region; x; — share of full-time employees with the higher education; x, — growth rate of labor
productivity; x; — growth rate of average wages; x4 — capital investment index; x5 — the export
coverage ratio of imports.

The dynamics of the selected factors for each region for the period 2000—2017 are shown
in the Fig. /—5. From the Figure 1 we can see that the regions selected for the analysis show us an
increase of share of the workforce with higher education. Informatization of the economy requires
the increasing involvement in the production of highly skilled labor, which gradually displaces the
less skilled labor force. The higher employment rates of people with higher education in Kharkiv
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and Kyiv regions, compared to other regions, are resulted not only from the economic development
but also from the attractiveness of these regions for young people, who are mainly focused on
higher education.

Ukraine has not yet recovered from the crisis of 2007 and 2013 and has low productivity
rates (Fig. 2). Although, overall, both in the country as a whole and in most regions, labor
productivity has increased comparing to previous years, but it still could not reach the levels of pre-
crisis 2007. Primarily, because of the low share of high-tech industries on the regions, which are
based on the results of intellectual work, innovation and the creation of new knowledge (Kyiv and
Vinnitsa regions).

% 45,0 % 385
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135 |
20,0 85
15,0 35
2000 2005 2010 2015 2000 2005 2010 2015
Years ) . Years
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KuiscbKa BiHHMLbKa Kuiscbka BiHHMLbKA
—@— YKpaiHa ~—@— YKpaiHa
Fig. 1. Share of employees with higher education Fig. 2. The productivity growth rate

Source: Designed by the authors.

On the other hand, it is not necessary to minimize the high proportion of low-productivity
jobs in the economy and the retention of hired workers on part-time or administrative holidays.

There is an organic relationship between productive employment and payment for it. Both
indicators are conditioned by the nature of socio-economic processes. On the one hand, without a
rise in productive employment, it is impossible to ensure a wage increase, and on the other hand, the
level of wages and the rate of its growth (Fig. 3) significantly affect the productive employment.
First of all, this is due to the fact that the salary is more than half of the total household income of
these regions. It is a major income source for the employed, part of the family budget and
sometimes income for the whole family.

The capital investment index is a kind of indicator of the region's financial attractiveness.
The undulating dynamics of this indicator is a consequence of the fact that our country has an
unstable business environment because of the crisis and the conflict on the Donbass, trade and
transit wars. For the period 2013—2015, Ukraine lost almost a third of capital investments of pre-
crisis level. The increasing dynamics of capital investment in all analyzed regions is a testament to
the confidence of the internal investors in the future. It should be noted that it was capital
investments that accounted for more than 85 % of gross fixed capital formation and showed the
highest growth rates as a result of 2018, exceeding the level of 2012 by 15,2 % (the last year of
growth before the period of investment decline during 2013—2015).
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Fig. 5. Import-export coverage ratio
Source: Designed by the authors.

The import-export coverage ratio reflects the region’s (country) potential for the foreign trade and
has a significant impact on employment, because it stimulates an economic growth through the need for
increased production, work places creation, accelerated growth in the average wage, and poverty
reduction. At the same time, it should be noted that in some cases the region may become a hostage to a
well-established production structure, and even if resources will be efficiently used, it will not increase the
labour productivity. There is a close relation between foreign trade, employment and labour productivity
in regions, which show a steady positive growth. The export acceleration stimulates the labour
productivity, wage growth, increasing the competitive advantage and improving the life quality.
Therefore, the export orientation of the region’s economy may have a dual effect on employment.

Model specification is the second stage of development, which involves establishing a
relationship between the effective and factor variables. At this stage, there is a formation of
correlation field depending on the employment rate of the population on each factor using a point
diagram in MS Excel. We use the trend line to determine the optimal type of relationship. With the
help of dialog box of the trend line format, we determine the coefficient of determination for each
of the diagrams. Comparing the coefficients of determination R’ for each type of dependence, we

choose the most optimal, that is, those for which the value of R’ gets the maximum value possible.
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Based on the above research, it was established the linear relationship between the relevant factors
of the econometric model:

Y =q,+aX,+aX,+aX,+aX,+aX,+u, (1)

The next stage in model building is the parameterization stage: finding parameter for

estimation 4 (i=0,5) and formation of appropriate regression equation. This stage can be

implemented in MS Excel in several ways. One way is purely mathematical, and involves
estimating parameters using the smallest squares method and using the formula

A=(X"X)'xX"Y, 2)
where 4 — the vector column of the estimates of the coefficients of the equation, X' —
transported matrix to the matrix X, (X"X)' — the inverted matrix to the product of two

matrices.
As a result of the calculations, economic and mathematical models were obtained.
For Dnipropetrovsk region:

A

Y = 52,74+0,2X, +0,02.X, —0,02.X, — 0,003.X, + 0,005.X.
(3)

For Kharkiv region:

~

Y =52,19+0,13X,+0,014.X, +0,002.X, - 0,006 X, + 0,005.X
4)
For Vinnytsia region:
Y = 59,31-0,25X, -0,03X, +0,04.X,+0,04X, + 0,006 X (5)
For Kyiv region:
Y =53,015+0,069X, +0,029.X, —0,008.X, + 0,006.X,+0,001.X,  (6)

The developed models are adequate, as evidenced by the average values of the relative errors
of the calculated regression values, which are within 10 %. For Dnipropetrovsk region the relative
error becomes a value 4 = 1,05 %, for Kharkiv region 4 = 1,5 %, for Vinnytsia region 4 = 5,5
%, for Kyiv region 4 =1,7 %.

Another criterion for model adequacy is related to the value of the correlation coefficient R
and the determination coefficient R*. The closer to R and R’to the one, the more significant is the
linear relationship between the variables, it means the change in the effective variable is mostly
explained by the change in the factor variable and only insignificant changes by other factors. For
Dnipropetrovsk region the correlation coefficient becomes a value R = 0,98, and for Kharkiv one —
R =10,79, for Vinnytsia one — R = 0,84, and for Kyiv one — R = 0,63.

It seems that the difference between the correlation coefficients is resulted from the fact that
by estimation the effects on the employment rate in Kharkiv and Kyiv regions it was not taken into
account the factor that has a significant influence on the dynamics of growth of the effective
variable in these regions. From there, we can conclude that, despite some similarities in the
economic development of these regions, the relevant models are purely local and require an
individual selection of influential factors to analyze the employment levels.

Equally important for the analysis and interpretation of the results are the coefficients of
elasticity £, and the total elasticity E. The coefficients of elasticity E, are calculated for each
factor variable X,: £ = &[.g (i=1,5) and indicate on how many percent will be changed Y (it

will be increased with E, > 0 and decreased with E, < 0) if the corresponding value X,

increases by 1 %. The total elasticity of £ ( E = 25: Ej indicates on how many percent the result ¥
i=1

will change if all factors are increased by 1 % at the same time.
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There are presented the corresponding values of elasticity coefficients of factor variables of
the researched regions in the Table.

Table
Elasticity coefficients for regional models
The elasticity Regions
Of:::iiﬁzor Dnipropetrovsk Kharkiv Vinnytsia Kyiv
El 0,092020158 0,087141233 -0,115593638 0,0382687
E2 0,049380033 0,028421467 -0,074040428 0,07947792
E3 -0,030796305 0,012723109 0,079986009 -0,000259188
E4 -0,006098188 -0,011623465 0,073019974 -0,002224995
ES 0,015025198 0,006345181 0,017122241 -0,014434259
E 0,119530896 0,123007525 -0,019505843 0,100828177

Source: Designed by the authors.

Analyzing the developed models (3)—(6) on the totality of the found parameter estimates, it
should be noted that the determinants that influence the dynamics of employment growth for the
industrial regions of Dnipropetrovsk and Kharkiv are the factors that reflect the share of staff with
higher education and rate of growth of labor productivity. The positive dynamics has also the factor
that characterizes the import — export coverage ratio. The findings on these regions overlap with
the results for Kyiv region, although, noting the coefficients value, the growth rate of higher
education workers in the Kyiv region does not have a significant impact on the employment rate
increase as in the Dnipropetrovsk and Kharkiv regions.

The situation is quite different in the Vinnytsia region, where the rate of growth in average
earnings and the capital investment index have a significant impact on the positive dynamics of
employment, while the factor of higher education availability does not contribute to the intensive
growth of employment rate.

It is interesting to compare the developed regional models with the mathematical model of
multiple regression for the analysis of structural changes in the population employment of Ukraine.
This model was used in the research of Glushak O. and Semenyak S. [13]:

A

Y = 45,723+0,506X, —0,00002X, —0,002.X,-0,016 X, + 0,886 X (7

As we can see, the specificity of economic development of regions and the dynamics of
influence of determining factors on some indicators, which is monitored in equations (3)—(6),
«smoothed out» in the Ukrainian model (7) that shows the locality (regionality) of practical use of
the corresponding econometric models for research study of structural changes in the employment,
especially when forecasting.

The constructed models are adequate and statistically significant, therefore suitable for point
and interval forecasts. Comparing the research results of employment rates in Ukraine with regional
ones — in Dnipropetrovsk, Kharkiv, Kyiv, Vinnytsia regions, we can make the following
conclusions: the level of education and investment growth are determining factors that influence the
employment growth in the whole country. At the same time, for the Dnipropetrovsk region, the
impact of investment is not reflected positively in the employment area, what is primarily connected
to the strengthening of the technical equipment of the region's production and labor leakage. A
growth of export-import coverage ratio and the labor productivity rate has positive changes.

Conclusions. Information on the employment situation of the population is the basis for the
creation and implementation of an effective strategy of socio-economic development of the
individual region and the state as a whole. In this context, it is essential to evaluate and analyze the
population employment that requires further application of statistical methods of research to
determine the condition and patterns of employment development in the regional and
macroeconomic aspects.

Based on the conducted analysis of the labor market it is established the qualitative relationships
between structural changes in macro- and mezzanine levels and population employment. It is made a
selection of the main factors influencing the employment dynamics. It is built the econometric model of
multiple regression to research the dependence of the employment rate of the population of Dnipropetrovsk,
Kharkiv, Kyiv and Vinnytsia regions on higher education of the employed population, growth rates of labor
productivity and average wages, capital investment index, the value of export coverage ratio. With the help
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of the variance-correlation analysis of the constructed models, it is estimated the general influence of factor
variables on the effective variable, and it was determined the statistical significance of the models. The
application of the proposed model contributes not only to the comparative analysis of the employment
dynamics of the population, but also to the determination of its elasticity to the macroeconomic factors, both
at the regional level and in Ukraine. The prospects for further developments in this area will be related to the
research of the impact of the development dynamics on the workforce structure.
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