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

Michat Bernard Pietrzak, Nicolaus Copernicus Univaty

Adam P. Balcerzak, Nicolaus Copernicus University

Abstract

The research objective of the article is to anatygeimpact of changes in the level of
entrepreneurship and business investments on uogmeht in Poland with the
application of spatial econometrics methodologyspgatial SAR model was used to
model unemployment, since this phenomenon exhibéspresence of positive spatial
dependence. The research was done for 66 regitNISES 3 level for the year 2015.

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

economic situation.

Keywords: spatial econometrics, SAR model, spatial deperslennemployment,

entrepreneurship, investments
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1 INTRODUCTION

Economic spatial analysis is currently an impori@inéction of development of spatial
econometrics (Cliff and Ord, 1981; Klaassral 1979; Anselin, 1988; Griffith 1988;
Haining, 2005). This is mainly due to its applicativalue, as it can be the basis for
effective spatial policy planning at municipal lev&herefore, research effort in this
field concentrates on a wide range of phenomena) as unemployment, quality of

human capital, effectiveness of institutions, niigra trade, economic growth and



innovation (Muller-Fgczek and Pietrzak, 2011, Biczkowskial, 2014; Pietrzalet al,
2014; Wilk et al, 2013; Pietrzak, 2014a; 2014b; 2014c, Hadgduch, 2015; Pietrzak
and taphska 2015, Balcerzak and Rogalska, 2016; Balceetat, 2016; Balcerzak,
2009, 2015, 2016; Hagd®yduch, 2016).

The aim of the article is a spatial analysis of thepact of entrepreneurship and
investment on the unemployment rate. The reseaashdone for the Polish sub-regions
(NUTS 3). In the analysis, a hypothesis on the ithpaf growth in the level of
entrepreneurship and growth in the level of investtron the decline in unemployment
rate at the regional level was proposed. The estmaof parameters of a Spatial
Autoregressive Model (SAR) model enabled to confitme direction of impact of

assumed unemployment determinants and to measiretiengths.

2 SPATIAL SAR MODEL AND INTERPRETATIONS OF ITS
PARAMETERS

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

k
Y = pWY 43 BX, +¢ (1)

r=0

k [
(1= pW)Y =3 B, X, +&, Y=(-pW) YBX, +(-W) % (2)
r=0 r=0

Y=V AX, +V(W)e, V(W)= (1 - W) (3)

r=0
Kk
Y= S WX +V(W)e , SW)=VWE, (4)
r=0
whereY is a vector of dependent proceXsjs a vector of r-explanatory process, k- is a

number of explanatory variables is the parameter of the spatial autoregres3ions



the spatial weight matrix, is the matrix of onesg is r-structural parameter, angl

represents the spatial white noise with a multatarnormal distribution.

In order to interpret the values of parameters mdtial models, three measures of
average impact can be used: Average Direct Impgc¢tAverage Indirect Impact) ;

Average Induced Impacdh (LeSage and Pace 2009, Pietrzak, 2013).

Average Direct Impacti, expresses an average value of the change in gendent
process in any location influenced by the explaryapoocessx, of the same location.
The measure is calculated as an average of alés'z&(\/\/)ij wheni=] and may be

expressed by equation (5):

A, =1tr(S (W), -

where thetr symbol represents the trace of the matrix, n makesumber of

observations.

Average Indirect Impact) expresses an average change in the dependent pinces
freely selected location caused by a change inetpdanatory procesg under the
condition that the change in the processoccurred in the first-order neighbouring

localization (the two locations have common bordéne measure can be given with

equationA =n"tr(WLS (W)"). (6)

Average Induced Impacfk expresses an average change in the dependent pinces
freely selected location caused by a change idépendent procesX , provided that

the change in the dependent processoccurred in a higher than the first-order
neighbouring localization. The locations are nemils in the sense of the
neighbourhood of k-th order, when they are sepdrayek-borders. The measure can be

written with equation (7).

A, =ntr(GIB.(W)), F=1-1-W, (7)



where 1 is the matrix of ones) is the matrix of onesWw;, is the first-order

neighbourhood binary matri%g s the matri¥ having row sums normalized.

3 SPATIAL ANALYSIS OF UNEMPLOYMENT IN POLAND

According to the main objective of the article, $matial SAR model (equation 9) was
applied to analyse the determinants of unemploymegetin Poland in the year 2015.
The research was conducted for 66 sub-regions (N®El&ssification). The number of
entities of the economy per capita in 20X3) (and the average level of investment per
capita in the years 2012-201%;) were taken as explanatory processes. Standard
neighbourhood matrix, where the neighbourhood fndd basing on the criterion of
the common border, is used. In the research, athgpis on the positive influence of
entrepreneurship and investments on the unemplayraés at the regional level was
proposed.

Y = pWY + By + B X+ B, X, + €. 9)

Table 1.The results of the estimation of tBARfor unemployment rate in Poland

Parameters Estimates p-value

P 0,639 ~0,00

B, 0,102 ~0,00

B 0,671 ~0,00

B, -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 rhade presented in Table 1. The

autoregression parameter is statistically significant. A positive value dfe parameter

reaching 0,639 indicates the existence of a stspajial dependency in the case of
unemployment. This means that the change in tlhtsn on the labour market in a
given region has a significant impact on the labmarkets in other neighbouring
regions. This influence is the strongest in thesaafsfirst-order neighbouring regions,
and it decreases with the increase in the degreeighbourhood. Also, the parameters

1 andp, are statistically significant, which means thathbtite changes in the level of



entrepreneurship and investment determine the ulogmpnt rate. Negative values of
estimations of the parametgtsandp, allow to verify the hypothesis about the positive
influence of these determinants on the declindaénunemployment rate at the regional
level. The value of pseudo®mnhdicates high goodness of fit of the model to &ival

data. The value of Moran | statistic indicates ttieg null hypothesis on absence of
spatial autocorrelation of residuals cannot bectepgk This indicates correct properties

of random component.

The discussed measures of the average impact caseleas a tool for measuring the
impact of explanatory processes on the unemploymadatin the selected regions. The
three measures were calculated basing on the éstmalues of parameters of the SAR
model and the matrix W. The results are presentedable 2. The influence of;
process on the unemployment can be interpretedokbewé: an increase of 100
businesses entities per 10,000 inhabitants in argngegion will result in an average
decrease in the unemployment rate of 0.785% instme region, the decline in the
unemployment rate by an average of 0.143% in tist-drder neighbouring regions,
and a decline in the unemployment rate by an aeec®.001% in other regions. The

impact of the process, can be interpreted by analogy.

Table 2. The values of measures of average impact for SAReino

Process/Measure Measure A, Measure A Measure A,
ProcessX,; -0,785 -0,143 -0,001
ProcessX, -0,927 -0,214 -0,002

Source: own estimation.

The measure of the average impact can be usedgd¢ssashanges in the labour markets
in any selected regions. This can help in formimg guidelines for effective regional
policy. The application of the proposed measuresinterpret the impact of the

explanatory processes will be presented on the pbeanf a hypothetical scenario.

In the scenario, any three neighbouring regions val considered. The change in the
case of explanatory process is assumed only ilmmebi An increase of 100 businesses
entities per 10,000 inhabitants and an increasevestments of 1,000 PLN per capita is

assumed. These changes will not only influenceuttemployment rate in region 1, but



will also have impact on the neighbouring regioan? the neighbouring region 3. The
average change in the unemployment rate in regiavhich is the result of change of
explanatory process in the same region, can bendieied by measure,. The growth
of entrepreneurship in region 1 will result in tfa@l in the unemployment rate of
0.785%, and as a result of investment growth themployment will decrease by
0.927%, which gives a total decline in the unemplegt rate of 1,712% in region 1.
On the other hand, the average change of the uogmpht rate in region 2 and 3,
which is the result of change of the explanatorycpss in the first-order neighboring
region (region 1), can be measured With In the case of the region 2 and the region 3,
there will be a total decrease in the unemploymatet of 0.357%, despite the fact that
in these regions there has been no change in Vie¢ ¢ explanatory processes. The

results for scenario are presented in Table 3.

Table 3.The average impact of explanatory variables foy@othetical scenario

. Average impact based on the measures
Regions
Total effect Entrepreneurship Investments
Region 1 -1,712 07856, ) 0.9276, )
Region 2 0,357 0,143 ) 0.2144 )
Region 3 0,357 -0,143(y ) 02144 )

Source: own estimation.

4 CONCLUSIONS

Not taking spatial interrelations into consideration the case of many economic
phenomena should be considered as an importantiteegerror. In the case of

research on unemployment, it is very difficult tocept the fact that a change in
determinants of the unemployment rate in the sedecegion will not affect the

situation in the neighbouring regions. Such an raggion is made in the case of linear
regression model. Only the application of modelthwspatial autoregression, including
SAR models, can allow to take into consideratiandRisting spatial interdependencies.
However, the researcher using the spatial modedsfabe problem of appropriate
interpretation of model parameters. The correcerpretation of the impact of

explanatory processes can be made after the afipticetf measures of average impact.

In the case of presented research, the estimatiparameters of SAR model confirmed
the existence of strong positive spatial interretet of unemployment rate. The results



confirmed the positive influence of entrepreneypshand investments on the

unemployment rate at the regional level.
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