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Abstract

The aim of the paper is to investigate the econaroitvergence of per capita incomes across the Earop
Union regions at a NUTS-2 level over the period 389809. To achieve the purpose some selected models
offered by spatial econometrics are used. The rsartelate some re-specifications of the traditiomadiel of3-
convergence. Taking into account the spatial tecidsrand dependence across the regions in thelgroadels
allows to evaluate the convergence phenomenon ergtbunds of3 parameter estimated better than in the
traditional approach. Then the estimate of the mpatar will not be influenced by omitting the depende.
Simultaneously the importance of the neighbour ections and the spatial heterogeneity in verifythg

economic convergence hypothesis will be exposed.
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1. Introduction

The paper presents the analysis of per capita Gidéss the European Union regions at
a NUTS-2 level over the period 1995-2009. The dirthe analysis is to verify the economic
convergence in the area of the European countrigeeiinvestigated period.

The economic convergence hypothesis assumes aggabver time the levels of per
capita income across countries or, which is morebable, across regions within
a country/group of countries. Although the hypoiteas logically correct it is not always
confirmed in practice. Violation of the economimgergence may be caused by the specific
conditions of the course of economic processes,dugng economic crisis. On the other
hand, faulty inference on the problem may be infggl by imperfection of the tools of the

hypothesis verification.
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To achieve the purpose of the paper some seleabelelmoffered by spatial econometrics are
used. The models create some re-specificationdetraditional model off-convergence.
They are needed because the traditional model'suingstons (especially, variance
homogeneityin space and independence across residuals foFgatins) are often unrealistic
in empirical cases. As a consequence of the faetitkerpretation of the convergence
parameter is frequently incorrect. Thus, it is msegy to recommend the other models as
effective tools for investigation of convergenceepbmenon. The earlier applications of the
spatial lag model and the spatial error model ier tonvergence analyses of Italian NUTS-3
provinces (1951-1999) and of European NUTS-2 regid®80-1996), in context of the
random fields theory, are due to Arbia [3]. Theeditwork was inspiration for this
investigation. On economic convergence in the ocdndé spatial econometric analyses see
also e.g.: [4], [5], [8], [9], [10].

The contents of the successive sections of therpap as follows: in Section 2 the subject
and range of the investigation are defined as asethe searching hypotheses are formulated.
Section 3 briefly characterizes the data used @ ittvestigation. Section 4 presents the
methodology. In the section, methods and toolshefdearching hypotheses verification are
pointed out. The results of the analysis are pteseim Section 5. Recapitulation contains

final conclusions and indicates some omitted proisle

2.  Subject and range of the investigation
In the analysis of the per capita GDP in the areth® European Union countries over the
period 1995-2009 differentials between regionabme levels across the regions established
according to NUTS-2 European classification systemre investigated. The essential
guestion is whether the poor regions grow fastan tthe rich ones. If it is true, all regions
converge to the same level of per capita incomesTthe main research hypothesis in the
investigation is based on the economic-theoretigothesis of convergence, which is well
known in literature on the subject. The attentiaswwaid to the so-callgticonvergence.
Considering the possibilities of verification d¢fet main hypothesis there was established
the view that the models which take into accouatdpatial tendencies and dependence allow
to validate the convergence phenomenon betterttteaones which ignore them.
Apart from the traditiongB-convergence model in the investigation the sp&gimodel and
the spatial error model were used. In addition,trezl to include into the models the spatial

trend component and to establish the spatial regime
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3. Data
In the investigation the data for 261 regions ofEZfopean countries were used. The data
refer to the period: 1995-2009, i.e. to 15 yeatseyldescribe the per capita GDP spatial
distributions and dynamics of incomes in the Euampé&Jnion and come from Eurostat
database (ec.europa.eu/eurostat/).

Figure 1 presents the spatial distributions of gapita GDP values (expressed by log
terms) at the beginning of 1995-2009 period, neyear 1995 and Figure 2 illustrates the

growth rates of GDP across the regions during &reg.
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Fig. 1. Distribution of the per capita GDP European regionyear 1995.
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Fig. 2. Distribution of per capita GDP growth rates fog turopean regions
during the period 1995-2009.
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Comparing Figure 1 and 2 it can be seen that dloeep, at the beginning, regions have the
faster growth rates. Thus, the economic converganttee period considered is probable.

4. Methodology

The per capita GDP in the area established iseleas a realization of spatial stochastic
processZ(s ), where:s :[xi,yi]— location coordinates on the planes 1, 2, ...,N — the
spatial units (regions).

To verify thep-convergence hypothesis two approaches were appligdditional method
in which spatial connections among the regionshateconsidered, and the second one which
takes into account the spatial connections.

In traditional approach the following model is used

n 28 |=a+ pinlzls) o) W

where: Z(s,). , Z(s,),— the per capita GDP in regiorat timet, t = T (last year of the period
considered) and = O (the base period), respectivel;,(si) — the spatial white noise, i.e.
£(s)~N(0,0%).

In model (1) it is assumed that the compone(s;) Is normally distributed (with zero
mean and constant variance) independentlyinn[i(si )0] Furthermore, one assumes that
{e(s )}, i=1,2, ...,n are independent across the locations

The second approach uses the models as follows:

m{Z(Si)T}:a+,em[z(s.)o]+pwm{z(si%}e(s.), @

Z(s ), Z(s ),

n 2o |=a s anlzs)enl) os)=mwns)eck).

where: Z(s); , Z(s),, £(s) — as abovey — the spatial connectivity matrix.

Models of the forms (2)—(3) represent the so-daBpatial lag model and spatial error
model, respectively, which are often used in theatiap econometric literature

(methodological aspects are reviewed e.qg. in [d][21).
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If the spatial trend is also identified, the comeoinP(s )should be included into the

models. The trend component may be described tivtpolynomial function of degrgein
the following general form:

P(s)=>> 0 Xy, (4)

k=0 m=0

where:k+m< p.

Economic convergence is said to be confirmed byddita if the estimate @f coefficients
in models (1)—(3) are negative and statisticaliyngicant.

Taking into consideration the spatial tendencies @ependence across the regions in the
growth models allows us to evaluate the converggrtoenomena on the grounds [Bf
parameter estimated better than in the traditiapploach. Then the estimate of the parameter
will not be influenced by omitting the dependence.

The parameteff may be used to establish the so-calet-life time defined as the time

that is necessary foin|Z(s),| to be half way between the initial value|Z(s ),| and the

In(2)

value In[Z(si )T] (see, [3], pp-11-13). It is expressed &Sy i =T= 06%*, where:
_ In(1+p)
b=- T — speed of convergence.

In order to evaluate the quality of the empiricaddels the following tools were used: the
Moran test (Moran’s) for spatial independence, the Lagrange Multipests (LMag, LMer)
and their robust versions (RLM RLMer) as spatial dependence diagnostics, the Likelihood
Ratio test (LR) for testing the significance of thpatial dependence, the Breusch-Pagan
heteroskedasticity test.

5. Results

In this section the main results of the performedestigation are presented. They refer to

validity of selected econometric models as thes@df-convergence hypothesis verification.
The successive tables presented below containnfloeniation on usefulness of three

conceptions: the linear regression model, the apkg model and the spatial error model.

The spatial trend components had been included tiltomodels but they proved to be

insignificant. Thus, the presentation of them wastizd.
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To investigatg3-convergence phenomenon in traditional approacmibeel (1) was used.

Table 1 contains the results of estimation andfieation of this model. The estimate of the

B coefficient is negative and statistically sigrgint. Unfortunately, the Breusch-Pagan

statistic is significant, leading to the rejectithg homoskedasticity assumption of the model.

In addition, on the basis of the Moran’sest it is necessary to state that the hypothasis

independence of the traditional model residualsiehbe rejected. This conclusion has been
confirmed by the graphical presentation of thedesis distribution in Figure 3.

Estimates of o
Parameters Standard errors Statisticst Pr (>[t])
parameters
a 3.8739 0.1139 34.0000 0.0000
B -0.3535 0.0122 -29.0500 0.0000

Speed of convergence: 0.0291
Half-life: 23.8477
Adjusted R-squared: 0.7642
F-statistic: 843.7, p-value: 0.0000

Breusch-Pagan heteroskedasticity test: 11.0873)yev0.0009

Autocorrelation of residuals: Moran test: 5.453¥gtue: 0.0000

Table 1 The results of the model (1) estimation and veatfon.

O residuals < 0
B residuals = 0

Fig. 3. Spatial distribution of the residuals of model. (1)

The residuals are not distributed randomly but they dependent on their geographical

locations. The map displays a marked geographéezpllarity. There are subspaces in which
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the residuals are positive and the others charaeteby negative residuals. This means that
in the regions located in some portions of the g@olgcal space per capita incomes are

underestimated (positive residuals) by the modélilenin the other regions the incomes are

overestimated (negative residuals) by fBeonvergence regression. Reassuming, as the
model considered does not satisfy the theoretissuraptions, other models should be

proposed.

As the Moran test does not admit an explicit aléive hypothesis opposed to the null, the
Lagrange Multiplier tests (LM) were used. Table @ntains the results of testing the
hypothesis of spatial independence using the teatsconsider the spatial lag model and the
spatial error model as alternatives (kdvand LMy, respectively). Moreover, it reports the
results of using the robust tests (Rkdlin which H: p = 0 under the assumption that O
and RLM.,, where H: A = 0 under the assumption th@att 0). All LM tests are significant

and the following re-specifications are justified.

Values of test 26.3535 29.7552 4.0923 7.4940
p-value 0.0000 0.0000 0.04308 0.00619

Table 2 Spatial dependence tests for the OLS residudlsed¥-convergence model.

Estimates of o
Parameters Standard errors Statisticst Pr (>[t])
parameters
a 2.8602 0.2138 13.3760 0.0000
B -0.2618 0.0202 -12.9730 0.0000
Speed of convergence: 0.0202; Half-life: 34.2531

p =0.2860
test LR: 27.1540, p-value: 0.0000
Wald statistic: 30.08, p-value: 0.0000
AIC: -191.86 (AIC for Im: -166.71)
Breusch-Pagan heteroskedasticity test: 13.174dajye: 0.0003
Autocorrelation of residuals: Moran test: 2.038/ghde: 0.04155

Table 3 The results of the model (2) estimation and veation.
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In the economi@-convergence analysis of the European NUTS-2 regiba models (2)
and (3) were used as well. The models take intowatcthe spatial connections among the
regions. The results of estimation and verificatddrthe model (2) are displayed in Table 3.
Next, Table 4 contains analogical results for thedet (3). Diagnostics for the models

considered suggest that the spatial error modbEidest of them.

Estimates of o
Parameters Standard errors Statisticst Pr (>[t])
parameters
a 3.6383 0.1702 21.3750 0.0000
B -0.3269 0.0181 -18.0130 0.0000
Speed of convergence: 0.0264; Half-life: 26.2654

A =0.4548
test LR: 30.623, p-value: 0.0000
Wald statistic: 47.131, p-value: 0.0000
AIC: -195.33 (AIC for Im: -166.71)
Breusch-Pagan heteroskedasticity test: 4.0292a)ysev0.045

Autocorrelation of residuals: Moran test: -0.09@&alue: 0.9247

Table 4 The results of the model (3) estimation and veatfon.

6. Recapitulation
The settlements of the paper show that includirig the economic convergence model the
spatial dependence components (spatially laggedendkmt variable or the spatial
autoregressiveerror term) is justified and very important for tlamalyses of per capita
incomes in regions and the incomes changes over tim

However, the empirical models received are notiragt satisfactory, because of
heteroskedasticity of variance. The spatial hetedasticity can be caused by omitting the
factor responsible for systematic spatial varigill he spatial trend component in the models
has not solved the problem. In further investigatibe spatial regimes will be searched for
(comp. Arbia [3] and his considerations on spatfe@ngeability of the model parameters).

In the paper simultaneous investigation of temipaad spatial heterogeneity or
autocorrelation and especially of space-time dyeanm 3-convergence models was omitted.

On the questions see e.g. [6], [7]-

80



Proceedings of théProfessor Aleksander Zelias International Confegeon Modelling and Forecasting of Socio-Econontier@mena

References

[1] Anselin, L., 1988. Spatial Econometrics: Methodsl avlodels. Dordrecht: Kluwer
Academic Publishers.

[2] Anselin, L., Bera, A., 1998. Spatial dependencdiriear regression models with an
introduction to spatial econometrics. In: Ullah,, Ailes, D. (eds.), Handbook of
Applied Economic Statistics. New York: Marcel Dekk237-289.

[3] Arbia, G., 2006. Spatial Econometrics. Statisti€alundations and Applications to
Regional Convergence. Berlin Heidelberg: Springertag.

[4] Bivand, R., Brunstad, R., 2006. Regional growthAlestern Europe: detecting spatial
misspecification using the R environment. PapeiRagional Science 85 (2), 277-297.

[5] Bode, E., Rey, S.J., 2006. The spatial dimensioecohomic growth and convergence.
Papers in Regional Science 85 (2), 171-176.

[6] Dall’erba, S., Le Gallo, J., 2006. Evaluating themporal and Spatial Heterogeneity of
European Convergence Process, 1980-1999. JourRagidnal Science 46 (2), 269-288.

[7] Elhorst, P., Piras, G., Arbia, G., 2010. Growth &ahvergence in Multiregional Model
with Space-Time Dynamics. Geographical Analysig3)2338-355.

[8] Fingleton, B., Lépez-Bazo, E., 2006. Empirical gtownodels with spatial effects.
Papers in Regional Science 85 (2), 177-198.

[9] Le Gallo, J., Ertur, C., Baumont, C., 2003. A sgaticonometric analysis of convergence
across European Regions, 1980-1995. In: Fingl&o(ed.), European Regional Growth.
Advances in Spatial Science. Berlin Heidelbergirgmar-Verlag, 99-129.

[10] Rey, S.J., Le Gallo, J., 2009. Spatial analysisaainomic convergence. In: Mills, T.C.,
Patterson, K. (eds.), Palgrave Handbook of Econacset Volume I1I: Applied
Econometrics. New York: Palgrave MacMillan, 1251902

81



