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A spatial approach to EU regional economic convergence: a comparison between

parametric and non-parametric analysis.
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ABSTRACT. The economic convergence among European regionstlogeperiod 1980-
2006 is analysed in the first place by using a @l p-convergence model and a distance-
based weight matrix and secondarily by a spatiadyditioned stochastic kernel approach.

A Spatial Autoregressive model which identifies tvepatial regimes and spatial
dependence finds that the convergence procesdersted by polarization into two clusters
defined both on a geographical and economic apiterivhich converge at different rates
towards different steady states. A similar resslthen reached through a non-parametric
analysis of the income distribution dynamics.

These results confirm the hypothesis that a metloggtonvhich uses spatial econometric
techniques is needed. They also suggest some atiphs for EU Regional Policy that

should be taken into account.

Keywords: pB-convergence; Geographic Spillovers; Spatial Hejeneity; EU Regional

Policy, Stochastic Kernel Analysis.
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1. INTRODUCTION

The process of European integration expanded dlmngath of enlargement as far as to
the adhesion of 12 new member States (between 20042007) and to the Monetary and
Economic Union, with the aim of creating economitd asocial cohesion and reducing
regional disparities. The aim of greater integmatgves rise to deep questions about the
political and financial sustainability of EU Regainpolicies and the possible trade-off
between social cohesion and competitiveness (Kiow)06), especially given that an
increasing quantity of funds are devoted to thergstoregions. These were granted 70% of
the Structural Funds in the period 1989-1993 aneke haeen given 81% for 2007-2013
(European Commission, 1996; Regulation EC 1083/B6)a result regional policies have
been criticised as being merely expressions ofdaoty which damage European
competitiveness (Fadda, 2006).

Convergence is defined as a socio-economic prottegsresults in the progressive
reduction of disparities in social and economicigatbrs of well-being in a group of
economies (Leonardi, 1995). Convergence can thusatehe real chances of achieving
greater cohesion in different territories, and thithe main reason why measuring economic
convergence is so popular, particularly in thedfieff European Regional policy studies
(Rodriguez—Pose and Fratesi, 2004; Ertur et aD620all’Erba and Le Gallo, 2007; Piras
and Arbia, 2007; Ramajo et al., 2008).

Since Baumol’'s (1986) pioneering work, convergestoelies have been developed which
used several different analysis techniques. Eaclthede was able to highlight different
dimensions of this phenomenon. The “classical’ §$&Wartin, 1996) method of analysis of
absolute and conditional convergence —notably Hignation off3-convergence in a Ccross-
section of economies— is a parametric techniquectwloriginates directly from Solow’s
neoclassical model of economic growth and it wasiypalaborated by Robert Barro (1991)
and Sala-i-Martin (1991, 1992, 1999)-convergence suggests that there is a tenden¢idor
per capita income of the poorer economies to grastef than the richer ones, given a
negative correlationship between the growth rateenfcapita income and its initial level, and
this generates convergence (Sala-i-Martin, 1996).

There is however no empirical proof of thlesoluteconvergence hypothesis, particularly
when studying the economies of different statethemregional economies of different States.
Barro and Sala-i-Martin (1991) themselves admit fuane other factors —callednditioning

variables- need to be taken into account, as they prevamiergence to a unique steady-



state from taking place. The resulting model isadeh of conditionalconvergence, in which
structural differences modify the steady-statethefeconomies. Economic theory can help by
suggesting which the best conditioning variableimttude are.

This paper acknowledges the results of the estimadf a conditionaB-convergence
model with spatial effects presented by Brasikle{2011), thus taking into consideration the
contribution of New Economic Geography to a sulisdiyp neoclassical methodology
(Arbia, 2006). However, the debates about the panarnanalysis of economic convergence
are not ignored, together with the irreducible mdittensional nature of economic growth,
which cannot reasonably be synthesised in oneespglameter (Quah, 1993, 1995; Canova
and Marcet, 1995). For this reasons, the resulthe@fparametric analysis are followed by a
non-parametric study of the entire distribution ayrics of per capita income of European
regions, so that the conclusions in terms of cayesmeece can be compared.

Both the approaches followed in this work confirfme timportance of explicitly
considering spatial effects when doing convergemagysis.

The structure of this paper is as follows. SecRodescribes the data used for both the
parametric and non-parametric analysis. Sectiome3gmts the conditionglconvergence
model specification and the results in terms ofhbstatistical and policy interpretation.
Section 4 presents the results of the non-paracreatalysis. Section 5 compares the results of
the two approaches to convergence analysis andsdiame implications of economic policy.

Finally in Section 6 the main conclusions are diseal.

2. DESCRIPTION OF THE DATA

The database used in this analysis is taken freamCéimbridge Econometrics Regional
Database and covers the period 1980-2006. It redet96 NUTS-2 regions (Nomenclature of

Territorial Units for Statistics, Eurostat) from Ebiropean countries:

Austria 9 Ireland 2
Belgium 11 Italy 21
Denmark 3 Luxembourg 1
Finland 5 Portugal 5
France 22 Spain 18
Germany 30 Sweden 8
Great Britain 37 The Netherlands 11
Greece 13 Tot. 196



The main object of this analysis is per capita GDFEuros at 2000 prices) expressed in
logarithms and in deviations with respect to the BBJmean. The distribution of this variable
is mainly investigated through a stochastic keapgroach.

As for the parametric analysis, the growth ratehef logarithm of per capita GDP (in

Euros at 2000 prices g, ), expressed in deviations with respect to the BUrkan, is taken

to be the dependent variable of the model. In azowre with the data available at regional
level, the regional employment rate and the peeggndf agricultural employment as a share
of total employment are chosen as conditioningaldeis to this model. The final model
specification is based on the main assumption bétaitial conformity in the geographical
and economic periphery in EU-15. The spatial pattetaken into account by considering the
policy-defined Objective 1 and non-Objective 1 @ distinction, through a dummy a

variable.

3. A SPATIAL BETA-CONVERGENCE MODEL FOR ECONOMIC CONVERGENCE APPLIED TO

EUROPEAN REGIONS

3.1. Exploratory Spatial Data Analysis

The specification of spatial econometric model ofditional B-convergence follows an
accurate Exploratory Spatial Data Analysis (ESDApge main results can be summarised as
follows™.

Figure 1 highlights the presence of heterogenaityé spatial distribution of the regional
per capita GDP in 1980 and of the other variabtessicered in the model: growth of per
capita GDP between 1980 and 2006, regional employmate and regional share of
agricultural employment. Mapa and b also support the classical convergence hypothesis
which associates a higher growth rate of per caplid to lower initial levels of per capita
GDP.

! For a more detailed description of the ESDA armitistruments that were used, see Brasili at @L1P



Figure 1. Spatial percentile distribution for thegl of per capita GDP in 1980 with deviatiow#h

respect to the EU-15 mean (a), the growth of pgritaaGDP between 1980 and 2006 (b), the total
employment in 1980 (c), the share of agriculturapdoyment in 1980 (d).
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The presence of positive spatial dependence relgtito per capita GDP in 1980 is
revealed by the Moran's | index, whose value 0.5(®value=0.000) is well above the
expected value under the null hypothesis of noiapedrrelation, E(I)= -0.0051. A similar
result was obtained for the GDP per capita grovatk between 1980 and 2006: I= 0.2131
(p-value=0.000).

The same considerations are raised by the Mordtegaat, which show the existence of
two distinct clusters, one made up of rich regisasrounded by other rich regions (first

guadrant) and the other of poor regions surrouredoor regions (third quadrant) (Figure
2).



Figure 2. Moran scatterplot for the logarithm ofrpeapita GDP in 1980. Objective 1 regions are
identified by triangles, non Objective 1 regionkeastvise.

Meoran's I= 0.5107
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As a conclusion to the exploratory spatial datdysmng a model with two spatial regimes
is proposed. The first regime includes 50 NUTS-@@ars, which were part of Objectives 1
and 6 during the programming period 1994-¥998e second regime includes the other 146
regions in the sample. Any parameter instabilitipleen these two groups of regions will be

considered to be proof of the existence of two eogence clubs with both a spatial and an
economic dimension.

2 We chose these dates so as to include AustrigediSh and Finnish regions in our analysis. Thesmiies
joined the EU in 1995. For a detailed list of tlegions which were eligible to Objectives 1 and @imtuthe
programming period 1994-1999, see Council ReguigitEC) No 2081/93 and Council Decision of 1 Japuar

1995 in respect to adjusting the instruments comiegrthe accession of new member states to thepearo

Union.



3.2. A model of conditiongs-convergence with spatial effects

The choice of the best model specification, in ataoce with the results of the ESDA,
followed the usual steps for model constructiospatial econometrics (Anselin, 2005).

A spatial lag modelpr spatial auto-regressive modébAR) was found to be best for
modelling the identified spatial dependence, wtlike spatial heterogeneity identified in sub-
section 3.1 was modelled by using two convergenabsc defined according to both
geographical and economic criteria. Using the estids of g3-convergence model with two
convergence clubs permits to have two spatial reginwith two distinct convergence
processes, and also means that, thanks to thesioclwf conditioning variables, each
regional economy inside each group of regions caesetowards its own steady state.

Let define the 196x196 diagonal matri>D°** = diag (I (.egon nosy:i = 1.---196) that

permits to select the regions belonging to OB1, andlogouslyd®®* = D°®'1,, is the

column vector used to select regions belonging Bd.On the model proposeg,is a 196-
dimensional column vector containing the per ca@faP in 1980, expressed in logarithms
and in deviations with respect to the EU-15 meahe TL96x4-dimensionamatrix of

covariatesX =[1 ¢, ¢, c,]| contains respectively: in the first column unitues in order
to include an intercept, iy the total employment rate in each region in 198@; the share
of agricultural employment in of each region in @%hd finally inc; the spatial lag oy. By
using D°** we obtain easilyX °** = D*'X, and X "* = (I, - D°®*)X . By considering
vectord *®**, y°®* = d 'y andy™* = (1,,, - d°®')y are analogously obtained.

Then the chosen model, tg, i.e. the rate of growth of per capita GDP in Egioes for
the period 1980-2006, expressed in logarithms andeviations with respect to the EU-15
mean; is:

gy - yOBlbOBl+yNNleN1 + XOBlﬂOBl_l_ XNNlﬂNN1+ pr y +g (1)

where 0°%* o""' are the 4-dimensional vectors parameted’' =[a' ¢, ¢, @]
respectively for regions belonging to Objectivei2QB1) and the othersNN1); b ,
b"™* are coefficients of the per capita GDP in 1¢p)js the spatial regression coefficient;

W is the distance-based spatial weight mate«is the column vector of errors with the usual

properties.

¥ Each element dWV, W; , is defined as:



The estimation results for model (1) are shownabl& 1:

TABLE 1.

ML estimation results.

Variable/parameter ML
Objective 1 non-Objective 1
Constant (a) -0.00312 (0.460) -0.01505 (0.0p0)
GDP (b) -0.02824 (0.000) -0.01569 (0.040)
Total Employmenty;) -0.00002 (0.846)  0.00043 (0.00Q)
(Sqf‘;’“e of Agricultural Employment _, 44059 (0.000)  -0.00019 (0.037)
2
W_GDP () 0.02282 (0.000) -0.00521 (0.089)
Spatial Parametep) 0.35186 (0.001)
Convergence ratg) % 5.3 2.0
Half life (years) 24.5 44

The results of the ML estimation of model (1) supgbe hypothesis that there are two
spatial convergence clubs. The estimatesbodre statistically significant and have the
expected negative sign. The implied convergence (@Atof Objective 1 regions (5.3%) is
much higher than that of the other group (2%) dnedhalf-life of the first group (24.5 years)
is much lower than that of the second (44 years).

The estimation of the spatial parametg) rovides support for the hypothesis of the
crucial role of the geographic-territorial dimension economic growth. A-convergence
model with spatial effects reveals that there gitboser effects between European regions,
and that these affect the economic performanceadi ef them. This result agrees with those
of other studies (Lopez-Bazo et al., 2004; Baunadrat., 2001; Ramajo et al., 2008) and with
the theories of New Economic Geography (Krugmar§1l9The more dynamic and fast
growing the economies of the neighbouring regiars then the higher the growth rate of per
capita GDP in a region will be. There is eviderita,tin general, the initial self-employment
rate is more important in richer regions, while gd@®nomic growth of Objective 1 regions is

affected more by the initial share of self-employtia agriculture.

w; =0 it i=j,0k
w; =1/d7? if  d;<Q3 and w; =w /Y w
w; =0 if  d; >Q3
where WIJ is an element of the non-standardised spatial eigatrix; w; is an element of the standardised

matrix (W); dij is the great circle distance between regionsnd ja Q3 is the third quartile of the distance
distribution.



Finally, the GDP of neighbouring regions has a fpasieffect on the growth of
Objective 1 regions (0.023). The analysis of theredes of the spatial parameters highlights
significant spillover effects that influence theomomic growth of European regions and
cause econometric problems in models that do naitagtky model them, due to spatial error
autocorrelation. Overall it can be concluded tlaat,has been stated by the New Economic
Geography theory, the economic growth of a regsinfiluenced by the economic well-being

and dynamism in neighbouring regions. This is ewene evident in Objective 1 regions.

4. A NON-PARAMETRIC ANALYSIS

4.1. Analysis of the marginal density functions

The analysis of the dynamics of the distributioriagf relative per capita GDP of the 196
considered regions starts from the study of thegmal density functions. These were
estimated for the years 1980, 1995 and 2006, ieroi detect the changes in shape that
might occur throughout the period, showing altaxedy convergence or polarization.

The values of log relative per capita GDP are gedpbn the x-axis and the estimates of
the density function are plotted along the y-akiach peak of the plotted curve represents a
concentration of economies around the same levedlafive per capita GDP, the peak being
more or less evident according to the number ofsuthiat belong to that group. The greater
the concentration, the higher the convergencedbdpecific level of the variable. Particular
attention needs to be paid to the modes of theildlisibn: unimodality indicates cohesion,
while a multimodal distribution detects emergindgpazation among the economies.

Figure 3. Densities of log relative per capita GRI80) (h:0.18§)
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* The smoothingparameter (or bandwidtt) has been computed as a average betweeih thegested by
Silvermanh = 0.9ANn™"®, whereA is the minimum value obtained between the standawiation and the first
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quartile divided for 1.34, and the “rule-of-thumiindwidth in case of Gaussian kernejg= [40 j .
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The marginal density function relative to year 14Byure 3) shows two major peaks,
which indicate the presence of a first group ofiarg whose level of per capita GDP is
around 80% with respect to the EU mean, and a slegmup of regions whose incomes are
about 20-30% higher than the average. Two lowekgean be noticed at the right-hand side
of the distribution, that reveal the concentratafrsome economies around more than twice

the level of European average per capita GDP.

Figure 4. Densities of log relative per capita GIEF995) (h=0.336)
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Figure 5. Densities of log relative per capita G[Z®06) (h=0.354)
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The marginal density function relative to year 198kjure 4) still shows the presence of
two peaks, but they appear to be closer togekieally, Figure 5 plots a smoother density
relatively to year 2006, even if one can still neta small bump in correspondence of a level
of per capita GDP which is about 80% of the Europe@&an. Another feature that should be
noticed is the shift of the greater peak towardghér levels of relative per capita GDP (from
1.2in 1980 to 1.4 in 2006), thus revealing a guegprocess of non convergence.

A better understanding of the distribution dynano€selative per capita GDP requires

further analysis, which is presented in the follogvsub-sections.
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4.2. The Stochastic Kernel

The intra-distribution dynamics can be describediting a stochastic kernel, which is a
suitable technique for revealing the presence efeffifiects of persistence and/or polarization
(Quah, 1997) in the income distribution dynamics.

The stochastic kernel proposed by Quah (1993) mphatsevolution of the distribution of
relative per capita GDP over time. It is a sortrahsition probability matrix (Markov chain
transition matrix) where no discretization occunsl dhe original set of continuous variables
is retained, and it evaluates the long time petspeof the distribution. The final output of
stochastic kernel is the ergodic income distribuiffor time — o), estimated on the basis of
the transitions occurred in the considered timespa

Following Quah (1993), leF, be the distribution of incomes across countriesnad t .

Then the evolution ofF, :integert} can be described by the law of motion:

F.. =M L[F (2)

whereM (the stochastic kernel) maps the evolution of dstribution from timet to time
t+1. lteration let us obtain a predictor for futurestdbutions, from time to timet+s, under

the assumption d¥l being invariant over time:

Feo =M R, =M(M [R) =M °F,
5 3)
F..=M°F,

t+s

By taking this to the limits —» «, one obtains an estimate of the limit distributioin
incomes, which eventually reveals the presenceacoin@ergence process or the prevalence of
a bi/multi-modal ergodic distribution.

A graphic representation favours an easier undedstg of the dynamics of the
distribution over time. One can plot the valuesadative income at time(tl in the following
figures) on the y-axis and the values of the saar@ble over a specified time horizon on the
x-axis {2). The third axis plots the estimates of the kefnektion. The graph then shows
how the cross-sectional distribution at titnevolves periodically over a fixed number of year
horizons. The interpretation of the graph is asofes: if most of the plotted surface were
concentrated along the main diagonal of the x-p@l@ne should interpret it as persistence of
the elements of the distribution around the sanhgega on the contrary, if the surface rotated
90 degrees counter-clockwise from that diagonalielwts along the opposite diagonal-, then

substantial reversal periodically occurs, which nsethat the rich become poor and vice-

11



versa. Finally, the concentration of the surfaceuad the 1-value of the x-axis (extending
parallel to the y-axis) suggests convergence oflisieibution towards equality; similarly, the
concentration of the mass around any other modenet t2 means convergence of the

distribution towards that value of relative income.

Figure 6. Log relative per capita GDP dynamics oaek5-year horizon

Figure 6 and Figure®7show the evolution of the distribution of log féla per capita
GDP of the regions included in our analysis ovdibayear horizon, revealing a substantial
polarization of the regions into two groups. Thestfione includes lower income regions
(below EU average), while the second one -in theeupight side of the contour plot- is made
up of regions which are characterized by almosin@g the average EU per capita GDP. The

® The analysis was implemented thanks to the Gauses by Professor Luciano Gutierrez which awilakle
on request on his website (http://www.gutierreznai.net/).
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group of poorer regions appears to face a weakepsoof convergence. While middle-income
regions are vanishing towards the 1-value at tithe strong persistence is experienced by
the rich regions: in correspondence of the higbeels of income, the probability mass forms

a peak that is located along the main diagonal.

4.3. The spatially conditioned distribution dynamics

So far anunconditionaldistribution’s dynamic analysis has been propogetilogously
to the parametric analysis of convergence, onebeainterested in observing the distribution
dynamics all other conditions being equal: t@nditional convergence can be studied,
following the non-parametric approach, by descghmow a set of conditioning factors alters
the original distribution. In order to understarichiset of factors explains emerging twin-
peaks features or growing cohesion, we can invaggtif) the stochastic kernel that transforms
the original distribution into a conditional onemoves those same features.

In general, one can be interested in investigatmegdifference between the original and
the conditioned distribution. Quah (1997) describes only the evolution from one
distribution to the other through a stochastic kéthat models this process, but also makes a
dynamic analysis providing representations on l&-y&ansitions in the conditioned
distributions.

The major interest of this paper is about the ¢$fed a spatial conditioning in a non-
parametric framework of analysis. Future developmevill regard the conditioning to the
same variables which were used in the parametmalysis of convergence presented in
previous sections, in order to reach better confpar@sults.

The spatial conditioning scheme presented by QLa#&7) was used in order to calculate
the spatially conditioned distribution of the loglative per capita GDP of the considered
regions. Then the stochastic kernel that maps tiginal distribution into the spatially
conditioned one was plotted (Figures 8 and Figyrddowed by the representation of the
spatial-conditioned distribution dynamics over ay&ar time horizon (Figures 10 and Figure
11).

13



Figure 8. Log relative per capita GDP, original asgatially conditioned distributions

The spatial conditioning proves again to be higBignificant in explaining the
distribution dynamics of per capita GDP, as a ndhuent conditioning factor would cause
the probability mass to lay on the 45 degrees diabof x-y axis, that report respectively the
conditioned and original distribution. Any deviatierom this situation indicates that relative
positions of unites are altered by the conditiorfimgfor. Figure 8 and more clearly Figure 9
show that there is a substantial alignment of ttubability mass parallel to the “Original”
axis, for both the groups of regions that the undmnal analysis revealed. Then one shall
conclude that similar levels of relative per cap@®P are spatially contiguous in the
European regions.

14



Figure 10. Spatially-conditioned log relative pepita GDP dynamics over a 15-year horizon

Figure 11. Contour plot of spatially-conditionedyleelative per capita GDP dynamics over a 15-year
horizon

The dynamic analysis of the spatially conditionestribution (represented graphically in
Figure 10 and Figure 11) reveals a more evidenvegence process among both groups of
regions: the surface shows a great counter-cloekvagation in correspondence of the peak
of lower income regions than it showed in the umiibonal case; moreover, the peak of
richer regions is perfectly parallel to the y-axihus revealing a strong process of
convergence that was not shown by the non-conditianalysis. However, the persistence of

the twin-peaks feature —which resulted from thepuaatric analysis as well- is clear.

15



5. A COMPARISON OF THE RESULTS AND POLICY IMPLICATIONS

The main findings of the parametric analysis thasvpresented in section 3 are that
development is polarised into two convergence cl(®bjective 1 and non-Objective 1
regions), and that these converge at differentsr@tespectively 5.3% and 2%) towards
different steady states. As a result it is impdrtarrecognise that there will be permanent per
capita income disparities between the two groupsegions. Quantification of the speed of
convergence by estimating a single parameter isndger strength of parametric methods for
convergence analysis: the estimated half-life i523#ars for Objective 1 regions and 44
years for non-Objective 1 regions.

Similar conclusions can be drawn after the non+patac analysis conducted in section
4: the unconditional distribution dynamics of papita GDP reveals and emerging “twin-
peaks” feature that can be related to the cormfeginvergence clubs as we referred to in the
parametric section. Even if it does not quantifg tonvergence speed, the stochastic kernel
approach shows the polarization process as thé dihe analysis of the distribution of the
considered variable and not as an hypothesis tmb&rmed, which is predominant in tige
convergence analysis. To this extent, the conahssad the non-parametric analysis reinforce
the hypothesis at the basis of the parametric mbadélas estimated.

The B-convergence approach also allows to draw someidatfns of economic policy.
Although a model of this kind cannot explicitly denstrate the causal relationship between a
higher convergence rate among poorer regions andtStal Policy funding, one cannot fail
to notice that Objective 1 regions receive a mughdr share of the total amount of funding
for Regional policy than is their share of total 26 GDP. Indeed during the programming
period 1989-1993 the regions where developmentlddghind received 69.6% of Structural
Funds, while they only contributed 11% of EU GDi®1BP94-1999 they were granted 68.5%
of the Funds and produced 13% of total EU-15 GORally, during the period 2000-2006,
Objective 1 regions were given 69.9% of Structdfahds and produced 10% of EU-15
GDP. Therefore it can reasonably assumed that sufibt@bution of aid contributed to the

higher convergence rate among the poorest regamtsthis supports the hypothesis that the

® The data on the amount of funding are taken fEamopean Commission (1996; 2001) and do not incthde
funding of the Cohesion Fund. The data on the GDPlgective 1 regions are taken from the Cambridge

Econometrics Regional Database.
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regions with a lower level of initial per capitacome will grow at a higher rate, thus
generating convergence.

The spatial effects are proven to be of great eeleg in both approaches to convergence
analysis. The estimates of the spatial autoregregsarameter and of the spatially lagged
GDP in thep-convergence model revealed that there are geoged@pillover effects which
are of primary importance in explaining the ecomrogrowth of European regions. The same
conclusion followed from the stochastic kernel gs@l. Thus the relative geographical
location of each region plays a key role in exptanthe structure of economic growth and
the per capita income dynamics in the EU-15. Tesult confirms the hypothesis that a
methodology which uses spatial econometric teclesgs needed in order to model spatial
effects.

These findings have profound implications for pgliand suggest that specific
investments aimed at exploiting the spillover effeare important, as is close coordination
between neighbouring regions. The funding granted®bjective 1 regions will be more
effective in terms of economic convergence as tbkeSion policies assume an “area”, and
not just a regional, dimension. It is important &eoid replicating the National Strategic
Reference Frameworks on a regional scale, pasheg tinto the Regional Operational
Programmes without adapting them to the real sipe@ifritorial needs. Greater coordination
between regions which have similar structural otteréstics or are geographically adjacent
would allow more accurate detection of the stremgiheach region. The concentration of
resources on these different strengths (at a rabimvel) would also stimulate stronger
spillover effects towards neighbours. Consequettily,policy-makers should take the crucial

role of geographical spillover effects into accowtien planning economic policies.

6. CONCLUSIONS

The aim of this paper is to assess the economigectgance among European regions
over the period 1980-2006 by estimating in the ftace a conditiongl-convergence model
which takes into account the effects of spatialethel@nce and spatial heterogeneity and
subsequently by a spatially-conditioned stochastroel approach.

The main finding of the parametric analysis, nantbt development is polarised into
two convergence clubs, is supported and confirmethé non-parametric approach. The
convergence model also finds that the two diffegmoups of regions converge at different

rates towards their different steady states.
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The importance of explicitly taking into consideoat the spatial effects is confirmed by
both kinds of approaches: it adds greatly to tHaevaf the analysis and the results highlight
some factors which are not usually revealed byehgisdies which do not explicitly take
spatial effects into account. As for the pararsednalysis, these are the fact that Objective 1
regions are affected more by geographical spilwerd also converge faster to their steady
state than non-Objective 1 regions do and thetfettper capita income disparities between
the two groups of regions seem to be persistene 3jatially-conditioned distribution
dynamics studied through the non-parametric approatso confirms that spatial
neighbourhood is a relevant factor that explaiesdynamic of per capita GDP distribution.

The results of our analysis are also relevant feopolicy point of view. The crucial role
of spatial spillovers to the economic growth Eurpeegions should be taken into great
consideration when planning an effective EU Coheslolicy.

In conclusion, it is useful to compare the conttidms of these two different approaches
to the study of regional economic convergence, lmeaeach of them has peculiar
characteristics that lead to results that shoulthtegrated for a more exhaustive analysis. In
the future, we plan to condition the per capita GBBtribution not only to spatial
neighbourhood but also to those conditioning vdeslihat were used for the parametric

analysis, so that the results can be comparedrevea coherently.
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