The Slovak Society for Operations Research
Department of Operations Research and Econometrics
Faculty of Economic Informatics, University of Economics in Bratislava

-
—
—
—_—
——

it
A gy

=
T
——
=
—_—
—
—_—
—
=

Proceedings of the International Scientific Conference

QUANTITATIVE METHODS IN ECONOMICS
Multiple Criteria Decision Making XVIII

25™ May - 27" May 2016
Vratna, Slovakia



Programme Committee:

Pekar Juraj, University of Economics, Bratislava, Chair
Brezina Ivan, University of Economics, Bratislava
Fendek Michal, University of Economics, Bratislava
Ferreira Manuel A. M., University Institute of Lisbon
Fiala Petr, University of Economics, Prague

Groshek Gerald, University of Redlands

Jablonsky Josef, University of Economics, Prague

Organizing Committee:
Blasko Michacla
Furkova Andrea

Gezik Pavel

Referees:

Bartova Lubica, Slovak University of Agriculture, Nitra
Benkovi¢ Martin, University of Economics, Bratislava
Borovicka Adam, University of Economics, Prague
Brezina Ivan, University of Economics, Bratislava
Citkova Zuzana, University of Economics, Bratislava
Dlouhy Martin, University of Economics, Prague
Domonkos Tomas, University of Economics, Bratislava
Fabry Jan, University of Economics, Prague

Fendek Michal, University of Economics, Bratislava
Fiala Petr, University of Economics, Prague

Furkova Andrea, University of Economics, Bratislava
Gezik Pavel, University of Economics, Bratislava
Goga Marian, University of Economics, Bratislava
Hanglova Jana, VSB-Technical University, Ostrava
Horékova Galina, University of Economics, Bratislava
Chocholata Michaela, University of Economics, Bratislava
Ivani¢ova Zlatica, University of Economics, Bratislava
Jablonsky Josef, University of Economics, Prague
Janacek Jaroslav, University of Zilina, Zilina

25" May - 27" May 2016
Vratna, Slovakia

Lukacik Martin, University of Economics, Bratislava
Mlynarovi¢ Vladimir, Comenius University, Bratislava
Paluch Stanislav, University of Zilina

Plevny Miroslav, University of West Bohemia
Turnovec FrantiSek, Charles University, Prague
Vidovi¢ Milorad, University of Belgrade

Lukacikova Adriana
Reiff Marian
Surmanova Kvetoslava

Janosikova Cudmila, University of Zilina, Zilina
Konig Brian, University of Economics, Bratislava
Kucera Petr, Czech University of Life Sciences, Prague
Kuncova Martina, University of Economics, Prague
Kupkovi¢ Patrik, University of Economics, Bratislava
Lichner Ivan, Institute of Economic Research SAS
Lukacik Martin, University of Economics, Bratislava
Lukacikova Adriana, University of Economics, Bratislava
Mitkova Veronika, Comenius University in Bratislava
Mlynarovi¢ Vladimir, Comenius University in Bratislava
Paluch Stanislav, University of Zilina, Zilina

Pekar Juraj, University of Economics, Bratislava
Pesko Stefan, University of Zilina, Zilina

Radvansky Marek, Institute of Economic Research SAS
Reiff Marian, University of Economics, Bratislava
Rublikova Eva, University of Economics, Bratislava
Surmanova Kveta, University of Economics, Bratislava
Szomolanyi Karol, University of Economics, Bratislava

Technical Editor: Marian Reiff, Pavel Gezik, University of Economics, Bratislava
Web Editor: Martin Lukacik, University of Economics, Bratislava
Web: http://www.thi.sk/en/katedry-fakulty/kove/ssov/papers//

Publisher: Letra Interactive, s. r. o.
ISBN 978-80-972328-0-1
Number of copies: 90



Quantitative Methods in Economics | 303

A SPATIAL SAR MODEL IN EVALUATING INFLUENCE OF
ENTREPRENEURSHIP AND INVESTMENTS ON UNEMPLOYMENT
IN POLAND

Michat Bernard Pietrzak, Nicolaus Copernicus University
Adam P. Balcerzak, Nicolaus Copernicus University

Abstract

The research objective of the article is to analyse the impact of changes in the level of
entrepreneurship and business investments on unemployment in Poland with the application
of spatial econometrics methodology. A spatial SAR model was used to model
unemployment, since this phenomenon exhibits the presence of positive spatial dependence.
The research was done for 66 regions at NUTS 3 level for the year 2015.

In order to provide interpretations of the results measures of average impact such as average
direct impact, average indirect impact and average induced impact were applied. The obtained
results indicate a positive impact of entrepreneurship and investment on decline in
unemployment rate and improvement of Poland’s socio-economic situation.

Keywords: spatial econometrics, SAR model, spatial dependence, unemployment,
entrepreneurship, investments

JEL Classification: C21, E24
AMS Classification: 62P20

1 INTRODUCTION

Economic spatial analysis is currently an important direction of development of spatial
econometrics (Cliff and Ord, 1981; Klaassen et al. 1979; Anselin, 1988; Griffith 1988;
Haining, 2005). This is mainly due to its application value, as it can be the basis for effective
spatial policy planning at municipal level. Therefore, research effort in this field concentrates
on a wide range of phenomena, such as unemployment, quality of human -capital,
effectiveness of institutions, migration, trade, economic growth and innovation (Miiller-
Fraczek and Pietrzak, 2011, Biczkowski et al., 2014; Pietrzak et al., 2014; Wilk et al., 2013;
Pietrzak, 2014a; 2014b; 2014c, Hadas-Dyduch, 2015; Pietrzak and Lapinska 2015, Balcerzak
and Rogalska, 2016; Balcerzak et al., 2016; Balcerzak, 2009, 2015, 2016; Hadas-Dyduch,
2016).

The aim of the article is a spatial analysis of the impact of entrepreneurship and investment on
the unemployment rate. The research was done for the Polish sub-regions (NUTS 3). In the
analysis, a hypothesis on the impact of growth in the level of entrepreneurship and growth in
the level of investment on the decline in unemployment rate at the regional level was
proposed. The estimation of parameters of a Spatial Autoregressive Model (SAR) model
enabled to confirm the direction of impact of assumed unemployment determinants and to
measure their strengths.

2 SPATIAL SAR MODEL AND INTERPRETATIONS OF ITS PARAMETERS

SAR model given with equation from (1) to (4) is a model of linear regression that is
additionally enriched by the properties of spatial autoregression (Bivand et al. 2008). The
spatial autoregression is added to the model by inclusion of spatial lags of dependent process
into the model, which describe the average impact of the process from neighbouring regions
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on the values of the process in an analysed region. Spatial SAR model can be described as
follows:

Y=pWY+Zk:ﬂrXr+s (1)

r=0

k
A—-—pWY =D B X, +&, Y=(1 —pW)_IZk:,B,,Xr +(I-pW) e  (2)
r=0 r=0

Y=VW)} BX, +V(W), V(W)=I-pW)" 3)

r=0

k
Y=2S WX, +VWee S, (W)=V(W)S,, 4)
r=0
where Y is a vector of dependent process, X, is a vector of r-explanatory process, k- is a
number of explanatory variables p is the parameter of the spatial autoregression, W 1is the

spatial weight matrix, I is the matrix of ones, f is r-structural parameter, and & represents

the spatial white noise with a multivariate normal distribution.
In order to interpret the values of parameters of spatial models, three measures of average

impact can be used: Average Direct Impact A, ; Average Indirect Impact 4, ; Average

Induced Impact 4, (LeSage and Pace 2009, Pietrzak, 2013).

Average Direct Impact A, expresses an average value of the change in the dependent process
in any location influenced by the explanatory process x, of the same location. The measure

is calculated as an average of all values S,(W); when i=; and may be expressed by equation
(5):
Ay =n"1r(S, (W),

where the 77 symbol represents the trace of the matrix, n makes a number of observations.

()

Average Indirect Impact 4 expresses an average change in the dependent process in a freely
selected location caused by a change in the explanatory process X, under the condition that
the change in the process X, occurred in the first-order neighbouring localization (the two
locations have common border). The measure can be given with

equation 4, =n71ﬂ”(W*S,(VV)T) . (6)
Average Induced Impact 4, expresses an average change in the dependent process in a freely
selected location caused by a change in the dependent process &, , provided that the change in
the dependent process X, occurred in a higher than the first-order neighbouring localization.

The locations are neighbours in the sense of the neighbourhood of k-th order, when they are
separated by k-borders. The measure can be written with equation (7).

Ay =n"r(G*S,(W)'), F=1-1-W, (7)
where 1 is the matrix of ones, I is the matrix of ones, W, is the first-order neighbourhood
binary matrix, G s the matrix F having row sums normalized.

3 SPATIAL ANALYSIS OF UNEMPLOYMENT IN POLAND

According to the main objective of the article, the spatial SAR model (equation 9) was
applied to analyse the determinants of unemployment rate in Poland in the year 2015. The
research was conducted for 66 sub-regions (NUTS 3 classification). The number of entities of
the economy per capita in 2015 (X)) and the average level of investment per capita in the
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years 2012-2015 (X;) were taken as explanatory processes. Standard neighbourhood matrix,
where the neighbourhood is defined basing on the criterion of the common border, is used. In
the research, a hypothesis on the positive influence of entrepreneurship and investments on
the unemployment rate at the regional level was proposed.

Y = pWY + 5, + X, + 5,X, +¢€. 9)
Table 1. The results of the estimation of the SAR for unemployment rate in Poland
Parameters Estimates p-value
Y2 0,639 ~0,00
B 0,102 ~0,00
yo 0,671 ~0,00
5, 0,832 ~0,00
Properties of the md
pseudo-R* Moran [ statistics p-value
0,672 0,023 0,210

Source: own estimation.

The results of estimation of parameters of the model are presented in Table 1. The
autoregression parameter p is statistically significant. A positive value of the parameter

reaching 0,639 indicates the existence of a strong spatial dependency in the case of
unemployment. This means that the change in the situation on the labour market in a given
region has a significant impact on the labour markets in other neighbouring regions. This
influence is the strongest in the case of first-order neighbouring regions, and it decreases with
the increase in the degree of neighbourhood. Also, the parameters B; and B are statistically
significant, which means that both the changes in the level of entrepreneurship and investment
determine the unemployment rate. Negative values of estimations of the parameters £, and /5
allow to verify the hypothesis about the positive influence of these determinants on the
decline in the unemployment rate at the regional level. The value of pseudo-R? indicates high
goodness of fit of the model to empirical data. The value of Moran I statistic indicates that the
null hypothesis on absence of spatial autocorrelation of residuals cannot be rejected. This
indicates correct properties of random component.

The discussed measures of the average impact can be used as a tool for measuring the impact
of explanatory processes on the unemployment rate in the selected regions. The three
measures were calculated basing on the estimated values of parameters of the SAR model and
the matrix W. The results are presented in Table 2. The influence of X; process on the
unemployment can be interpreted as follows: an increase of 100 businesses entities per 10,000
inhabitants in any given region will result in an average decrease in the unemployment rate of
0.785% in the same region, the decline in the unemployment rate by an average of 0.143% in
the first-order neighbouring regions, and a decline in the unemployment rate by an average of
0.001% in other regions. The impact of the process X, can be interpreted by analogy.

Table 2. The values of measures of average impact for SAR model

Process/Measure Measure 4, Measure 4, Measure 4,
Process X, -0,785 -0,143 -0,001
Process X, -0,927 -0,214 -0,002

Source: own estimation.
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The measure of the average impact can be used to assess changes in the labour markets in any
selected regions. This can help in forming the guidelines for effective regional policy. The
application of the proposed measures to interpret the impact of the explanatory processes will
be presented on the example of a hypothetical scenario.

In the scenario, any three neighbouring regions will be considered. The change in the case of
explanatory process is assumed only in region 1. An increase of 100 businesses entities per
10,000 inhabitants and an increase in investments of 1,000 PLN per capita is assumed. These
changes will not only influence the unemployment rate in region 1, but will also have impact
on the neighbouring region 2 and the neighbouring region 3. The average change in the
unemployment rate in region 1, which is the result of change of explanatory process in the
same region, can be determined by measure 4,. The growth of entrepreneurship in region 1
will result in the fall in the unemployment rate of 0.785%, and as a result of investment
growth the unemployment will decrease by 0.927%, which gives a total decline in the
unemployment rate of 1,712% in region 1. On the other hand, the average change of the
unemployment rate in region 2 and 3, which is the result of change of the explanatory process
in the first-order neighboring region (region 1), can be measured with 4; . In the case of the
region 2 and the region 3, there will be a total decrease in the unemployment rate of 0.357%,
despite the fact that in these regions there has been no change in the level of explanatory
processes. The results for scenario are presented in Table 3.

Table 3. The average impact of explanatory variables for a hypothetical scenario

. Average impact based on the measures
Regions
Total effect Entrepreneurship Investments
Region 1 1,712 -0,785(4, ) -0,927(4, )
Region 2 0,357 -0,143(4, ) -0,214(4, )
Region 3 -0,357 -0,143(4, ) -0,214( 4, )

Source: own estimation.

4 CONCLUSIONS

Not taking spatial interrelations into consideration in the case of many economic phenomena
should be considered as an important cognitive error. In the case of research on
unemployment, it is very difficult to accept the fact that a change in determinants of the
unemployment rate in the selected region will not affect the situation in the neighbouring
regions. Such an assumption is made in the case of linear regression model. Only the
application of models with spatial autoregression, including SAR models, can allow to take
into consideration the existing spatial interdependencies. However, the researcher using the
spatial model faces the problem of appropriate interpretation of model parameters. The correct
interpretation of the impact of explanatory processes can be made after the application of
measures of average impact.

In the case of presented research, the estimation of parameters of SAR model confirmed the
existence of strong positive spatial interrelations of unemployment rate. The results confirmed
the positive influence of entrepreneurship and investments on the unemployment rate at the
regional level.
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