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Abstract: The article analyzes conditional beta convergeincthe EU28
countries with the use of spatial econometrics rigples. We consider
alternative structure of the spatial weight matbased on economic
distances. Basing on the spatial Durbin-Watson modeo spatial
specifications are tested, which make use of theme of international trade
and the inverted GDP per capita differences betwierconsidered objects.
We confirm the existence of GDP convergence andvsimat the gravity-
models-type logic is superior to the approach baseihverted geographic
distances.
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INTRODUCTION

The aim of the article is to validate whether therdsts conditional
[ convergence in the EU28 countries. The concepf obnvergence means that
less developed countries (with lower GDP per cagtaw faster than the more
developed ones. Although plenty of studies in fle&d exist and most of them
confirm the existence of convergence among the &lhtries [see e.g. European
Commission 2009; Rapacki and Prochniak 2009; Kidkd2012; Staisi¢c 2012]
but not all of them do [e.g. Monfort et al. 2018jpst authors do not consider
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spatial dependence between the considered couatigtshose who do so, apply
quite standard techniques of spatial econometrics.

In the spatial growth regression, weight matricesally refer to the first,
second etc. neighbors matrices or the invertedmtist matrices [Conley and Topa
2002; Seya et al. 2012; Tian et al. 2010]. Althogglagraphy does matter for the
evolution of income distribution (as confirmed te basis of U.S. regions by [Rey
2001]), we consider alternative structure of theatigh weight matrix by
incorporating the matrices based on inverted econdistances. This approach is
supported by some other authors who suggest thde tflows [Aten 1996],
institutional distances [Arbia et al. 2010], soemsnomic distances represented by
ethnic and occupation distances [Conley and Top@2]20r demographic and
income similarities [Case 1991] are the factors thatter in spatial interactions. In
Poland, the first study of this type was carrietlmuBtaszczuk [1974].

Basing on the spatial Durbin-Watson (SDM) model twon-standard
specifications are tested, which make use of thenwe of international trade and
the GDP per capita differences between the coraidebjects. These are
compared with the usual weights based on inverigdrtes and the standard non-
spatial panel data approach in the EU countrielngdr993-2013.

MODEL OF CONVERGENCE WITH SPATIAL INTERACTIONS

The so called “Barro regression” [Barro and Saldairtin 1992] is probably the
most frequently found specification in empiricalar@economics:

AInGDP; = B1InGDP; ¢y + xit'y + a; + &4, Q)
where GDP;, is the gross domestic product of thth country,InGDP;,_, is the
lagged value of the GDP of théh country,x;; represents &x1 vector of growth
factors for tha-th country in period, ¢;; is the error term, individual effects are
introduced in order to represent different steadyes while thes; andy are the
structural parameters of the model. Usually itlsbaassumed (though often not
mentioned) thatcorr(e;; ;) =0 for every i #j. This, followed by the
specification of the model in which the GDPidgh country is clearly a function of
thei-th country’s growth factors only, constitutes andsnic panel data model with
no spatial dependence in most cases estimatedtidthuse of GMM with the
Blundell and Bond’'s system-GMM being the first awifor most authors
[Blundell and Bond 1998]. We also include it indlpaper for reference.

The assumption of independency of the data gengratiocesses through
the sample is, however, disputable. Globalizatibithe world economies makes
them at least potentially interact and it is pdssiihat the economic situation of
one country might have an impact on the rate ofvgron another country. In
order to overcome this problem, spatial econongttiechniques have been
employed in the analysis of growth and also the GidRvergence itself. We
consider a model, named spatial Durbin-Watson msieM):
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AlnGDPt = ﬁllnGDPt_l + pW : lnGDPt + Xt]/ + w - Xt - 9 +a+ &ty (2)

where InGDP, and InGDP;_, represent thenxl vectors of the GDP of the
n considered countries in peribdandt-1, respectively)X; is the matrix of growth
factors for particular countries in perigdsuch that

xlt,]
Xnt'
is anxk matrix of growth factors in periot] whosei-th row represents the growth
factors of thei-th country in that periodg is a nxl vector of (time invariant)
individual effects ¢; is anxl vector of error terms in peridd 6 is akx1 vector

of parameters that reflect the influence of grofetttors for other countries on the
rate of growth of the-th country,p points out the importance of growth rates of
other countries for the rate of growth of th#éh country,W is a spatial weights
matrix which emphasizes which of the countries iaterrelated stronger than
others. If the error term is spherical and furt@er 0 and p = 0, non-spatial
model (1) comes up.

Most authors use either weights based on the ieva@rgeographic distance
or on the fact of being (or not) neighbours, howesech an approach seems
disputable nowadays. A number of countries fornbslthat cooperate between
one another, while others do not follow this ruéspite geographic closeness with
Northern and Southern Koreas being the best examflso, the issue of
geographic distance might be of great importancéevthe considered partners lay
far apart, that is for example on different contitse yet the availability and
relatively low transportation costs together withighh globalization of
contemporary world certainly reduce the importanté¢his factor in the case of
relatively closer countries.

Two alternative specifications of the weighting maiare then proposed.
The first of them is based on the level of the exgje of goods in the considered
pair of countries. It is likely that in the caseaopair of countries whose volume of
trade is high, also the broadly understood econamanges in one of the partners
shall have a serious influence on the other onew/ilp. A possible example is the
CPI. Suppose that it increases vastly in one ofrdde partners. In the case of high
exchange of goods between the two considered ¢esngme can expect it to have
a serious influence on the level of prices in tlagtrering countries and thus —
indirectly — also on its GDP growth. That is why the first alternative
specification the weighting matrix is constructeithwthe use of the average
volumes of trade between particular countries thhowt the period of the analysis.

The other considered alternative stems partly ftbenlogic of the gravity
models. Those assume (among others) that the gtrehggade relation in a pair of
countries, measured by their volume of trade, déperpon their differences in the
level of development. The countries that are similadhe sense of their GDP shall
cooperate with greater strength, which means thatweak have greater trade

Xt=
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relationships with the weak, while the giants amerlikely to cooperate with the
giants Bledziewska and Witkowski 2012]. We transmit theidogf the gravity
models to the field of GDP growth in order to teghether the empirically
confirmed property in the world of internationadde can also be found in the case
of growth. We thus construct the second alternatiighting matrix using as
weights the inverted absolute differences in tivellef GDP per capita measured
in PPP. In all the considered cases we use the axitransformation in order to
standardize the weighting matrices [Keleijan anacRa 2010].

All the spatial models are estimated with the usenaximum likelihood
implemented by Belotti et al. [2013]. The consistenf the GMM requires model
(1) to be transformed to the

INGDPy = (B1 + 1)InGDP; ¢4 + xit'y + a; + &4, 3)
and similarly, model (2) is transformed to
lnGDPt - ()81 + 1)lnGDPt_1 + pW : lnGDPt +Xty + w - Xt - 9 +a+ Et (4)

which changes nothing in terms of their meanind,rbquires subtracting 1 from
the estimate of the parameter bitGDP;,_, or InGDP,_; in order to attain the
convergence parameters.

One can consider limiting the set of growth facttrat have a “spatial”
influence, that is: that have an influence on tite of growth of the “neighbors” to
just those that are found significant in the sesfs® = 0 since it is quite likely that
only some of the;, have an influence not only on the rate of growitthei-th but
also some other countries. We thus denofé ake matrix of those growth factors
that are found significant in the sensefof 0 (hot just they = 0 and follow the
same rule replacing with 8 and thus the model (4) is converted to:

InGDP, = (B, + 1)InGDP,_; + pW - InGDP, + X,y + W - X, 0+ a + &. (5)

Last but not least, since a couple of models caprbposed considering the
different weighting schemes, a procedure needs tdopted in order to select one
for the analysis. A choice of the best one can bdemwith the use of information
criteria, which is the solution adopted in this @apspecifically the minimization
of Schwarz criterion is used in this case, althotighdifference in the number of
degrees of freedom between the particular modeksmiall, thus other criteria
would usually yield the same answer. It should bdced that most researchers
treat the weighting matrices as “given” and — insincases — consider mostly the
selection of a functional form of the model itsatid to a much lower extent the
shape of thaV matrix. However, as it is shown in the empiricasults in this
paper, that need not be the always-best approach.
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THE DATA

The analysis covers the 1993-2013 period and ischas 3-year subperiods
(the first subperiod is 1993-1995 while the lasé @ 2011-2013). Under such an
approach, GDP growth for a given subperiod is dated as the difference
between log GDP per capita levels in the last péargiven subperiod and the last
year of a previous subperiod (divided by 3 to egprannual changes). The initial
GDP per capita is taken as GDP per capita leveh filoe last year of a previous
subperiod while explanatory variables are calcdla® arithmetic averages for the
years covered by a given subperiod (in the casenie$ing data, the required
figures are imputed).

It is necessary to choose the set of explanataighlas which are treated as
economic growth determinants in the regression teapg From the theoretical
point of view, the appropriate variables are thibsg characterize different steady-
states to which the individual economies are temdiln empirical studies
numerous growth factors are tested whose choicecoisstrained by data
availability. Also, it is impossible to include toonany variables due to
multicollinearity and insufficient degrees of fresd issue. In this study, 21
variables (in addition to the initial GDP per capitvere initially included in theT
growth regressions. Those are listed in Table 1.

Table 1. List of considered explanatory variables

Variable name | Variable description | Unit (scale)
Variables included in the final SDW models
gdp0 Log of initial GDP per capita at PPP Constza$
inv Investment rate % of GDP
open Openness rate (Exports + imports) / GDOP
cab Current account balance % of GDP
life Log of life expectancy at birth Years
econfree fi Fraser Institute index of economic From_ O=lowest to
— freedom 10=highest

wgi World Bank’s worldwide governance | From —2.5=lowest to

indicator +2.5=highest

Variables excluded from the final SDW models

human_cap Index of human capital* From 1=lowegtthighest
school_tot ﬁ%/_el_)rage years of total schooling (age vears
school_ter Populqtion (age 15+) with tertiary % of total population

schooling
edu_exp Expenditure on education % of GNI
exp Exports of goods and services % of GDP
fdi Foreign direct investment, net inflowsg % of GDP
gov_cons Sxepneer:giltgfgernment consumption % of GDP
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Variable name Variable description Unit (scale)
infl Inflation rate (annual) %
cred AnnL_JaI change of the domestic credit % points

provided by banking sector to GDP ratio

Index of democracy (average of civil .
dem_fh liberties and poIitic)a/tI(rights%ccording From 1=lowest to 7=highest

(inverted scale)

to Freedom House)
fert Log of fertility rate Births per woman
pop 15 64 Population ages 15-64 % of total
pop_den Log of population density Peoplefkm
pop_gr Population growth (annual) %
pop Log of total population Persons

* Index of human capital per person, based on yehsghooling and returns to education,
taken from Penn World Table 8.0. Note that onlew Df the above mentioned variables
remain in the final specifications presented i fhaper.

Source: Data taken from the Penn World Table 8.6¢ld\BankWorld Development
Indicators, IMF World Economic Outlook, Fraser Institute, and Freedom House databases

Initial variants of the econometric model were restied on the basis of the
full set of growth factors. Then, the initial seashbeen reduced using backward
elimination of the least significant variables dielg the final set of six growth
factors included in the models discussed in the segtion. Also we eliminate
(with the use of a standard backward algorithm)agitoevth factors that are allowed
to be significant determinants of other countrgpgiwth.

EMPIRICAL RESULTS

The results of the final models are reported inl@ &b Columns 1-3 refer to
SDM models with three different types of includispatial effects while Column 3
concerns the reference Blundell and Bond’'s GMMeaysgstimator model. For the
sake of conciseness, we do not show neither estnwdtthe initial models based
on a greater number of variables.

As regards a given country’s growth factors, ihtuout that investment rate,
the degree of openness, current account surpfaseXipectancy, large scope of
economic freedom and good quality of governanceledd to a more rapid
economic growth of the considered countries. Tindifg is confirmed both by the
reference model as well as by the three altern&@D#®& approaches with spatial
interactions.
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Table 2. Spatial Durbin-Watson model for the EU28rdries with (1) inverted
geographical distances, (2) inverted GDP per cajiftarences, (3) volume
of trade weights and (4) Blundell and Bond’s notisp@ffects model
(reference model)

geographic GDP difference | volume of trade non-spatial
regressor weights weights weights Blundell and Bond
1) 2) 3) (4)
country’s growth factors
gdpO0 0.7811*** 0.7338*** 0.7001*** 0.5236***
Inv 0.0088*** 0.0069*** 0.0086*** 0.0143***
Open 0.0005*** 0.0003*** 0.0004** 0.0007***
Cab 0.0048*** 0.0026** 0.0027* 0.0040***
Life 1.0159*** 1.2287*** 1.1122%** 1.8047***
econfree_fi 0.0496** 0.0314*** 0.0499*** 0.0385***
Wgi 0.0312* 0.0717*** 0.0970*** 0.2296***
spatial effects (other countries’ growth factors
gdp? —0.7269 —0.0006*** —0.0026**? -
Open - - 0.0000** -
Inv 1.0210*** 0.0002*** - -
Cab 0.6474*** - —0.0001*** -
Life - - 0.0050*** -
econfree_fi —2.0812** - 0.0004% -
Wai - 0.0022*** - -
selected statistics

initial GDP
per capita in ~0.0730%** ~0.0887%** ~0.1000%** ~0.1588%**
untransformed
model (p/a)
B coefficient 7.6% 9.3% 10.5% 17.3%
BIC —454.33 -471.41 -432.61 -
R within 0.9035 0.9082 0.8821 -
R?> between 0.9958 0.9965 0.9962 -
R?  overall 0.9835 0.9846 0.9800 -

ICalculated as:

(coefficient on gdpO minus 1) dididdy 3; 2Calculated as:

L= (1ANIn(1+4t), whereS: is the coefficient on initial GDP per capita inttamsformed
model (per annum) whileis equal to 12Other countries’ level of GDP per capita in the
current period. *** - significant on 1%, ** - sigficant on 5%, * - significant on 10%
significance level. Number of observations: 196hwit28, T=7

Source: own calculations

It is always an issue how to construct the “bestighting matrix as long as
the assumed criterion is economically sound. Heeealssessment of properties of
the three SDM models with alternative weights isden@n the basis of BIC
criterion. It turns out that the model with invettencome distances as weights is
found to be best (in terms of the BIC). The SDM elogith geographic weights
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proves to be notably worse while the model withgh&s based on the volume of
trade is the weakest of the considered ones. Helifterences in GDP per capita
work better as the factor responsible for weightihg other country’s growth

determinants. This result can be explained by séveasons.

First of all, in the globalized world geographicalistances play
a diminishing role in determining spatial interaos between countries. This
argument is of special importance in the case & enonomic and political
integration group, like the European Union. Theurtithn in trade barriers and the
facilitation of migration of inputs (labor and ctgd) all lead to a decreasing role of
geographical distances as a factor responsiblehf®rimpact of one country’s
economic performance on its neighbors. Seconduritst out that the volume
of international trade is not a strong factor limkithe countries either. Indeed, the
volume of exports and imports rather depends orsithe of a given country. For
example, big countries like Germany or Poland mgpeater volumes of exports
and imports in absolute terms while their sharesGDP are usually lower as
compared to smaller countries like Slovakia or BistoThird, it is the relative
level of development which is the most importardtda responsible for mutual
interactions between countries. This outcome shthas rich EU members are
affected by rich EU neighbors while poor membetestaare influenced by the
other poor EU neighbors. This finding is of gremportance and it shows the
nature of spatial interactions between the consdieountries. Hence, the weight
matrixes with inverted geographical distances —apgroach which dominates in
the literature — are not the best way of includspgtial effects in the econometric
model. Distances in GDP per capita levels seemetbditer, at least inside one
international organization like the European Union.

All the models confirm the existence of conditiopgatonvergence. The
confirmation of existence of the catching up precasong the EU countries is in
line with the economic theory and the other emalristudies which is another
argument for the economic validity of the considereodels. The SDM model
with inverted income distances as weights shows fheonvergence parameter
equals 9.3%. It is a significantly lower estimatart in the case of the reference
(non-spatial) model wher@amounts to 17.3%. This outcome is likely to shbat t
the standard approach to economic growth modehiight result in artificially
high estimates of the pace of convergence. A lpageof the pace of convergence
reported by standard econometric models with ndéigdpeffects might not be the
convergence itself — it is the effect of the impattthe other countries’ growth
factors (including the level of GDP) on the rateegbnomic growth of a given
country. Indeed, such a supposition is reflectedy weell by the estimated
coefficients for the variables responsible for gpagffects. Column 2 in Table 2
shows that the other countries’ level of GDP periteanegatively affects the rate
of economic growth of a given country. It meand thaeighbor countries become
richer the pace of economic growth in a given couist slower. The responsibility
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of this interaction for explaining a large part tife pace of convergence is
strengthened by the fact that the considered SDMlemadncludes income
differences as weights (most weighted are the cmsntwith similar level
of economic development). Thus, the SDM model shdivst a negative
relationship between economic growth and a givamtg’s initial GDP per capita
level is not so strong because part of this ratstip is caused by a negative
impact of GDP in neighboring countries on the @fteconomic growth in a given
country. However, the standard approach withouti@pdependence does not
account for this possibility and associates thé dfbrementioned effect to the
classical convergence process.

It is worth to add that a negative relationshipwsstn the level of GDP in
the other countries and a given country's growtie r@fers to the convergence
mechanism which is of supply-side in its naturecdmtrast, demand-side linkages
between the countries theoretically indicate rattier existence of a positive
relationship between the other countries’ GDP angiven country’ economic
growth: if neighbors are richer our exports areelljkto rise fostering economic
growth while a recession or a slowdown in neightmntries is likely to drop our
exports and output growth. These short-term densételrelationships have not
been evidenced in this study — partly because efaht that the analysis is based
on 3-year time spans to exclude the impact of sieont cyclical fluctuations.

The SDM model with inverted income distances (Tehleolumn 2) also
shows the impact of some other neighboring cowitigeowth factors on GDP
dynamics in a given country. It turns out that $patial estimate for the investment
rate is positive and statistically significantlyffdrent than zero. It means that
higher investment rate in other countries accedsrttie pace of economic growth
in a given country. This result points to very Wiial effects of investments in the
EU as a whole. It turns out that higher investmeaté leads to the acceleration
of GDP growth not only inside a given economy Habdn the other EU countries.
Such positive spillovers can be treated as a nogiven the existing literature.
While a lot of theoretical and empirical analyskevss beneficial spillover effects
of investments among the firms at the microecondevel, our study widens this
perspective as it indicates large beneficial spdtoeffects among the EU countries
at the macroeconomic level. Hence, any increaseniastment rate regardless
of the country or region has a positive impact eaonemic growth of the EU
as a whole (of course, the strength of this impgadifferent as reflected by the
weight matrix).

Another result of spatial examination is the puwsitiand statistically
significant spatial coefficient for wgi variablet shows that good quality of
governance is beneficial not only for a given coyrnbut also for the other
countries. This result indicates beneficial effeaftsnstitutional spillovers among
the EU countries. A good quality of institutionsargiven country is a significant
factor of economic growth for all the EU countrisf course, with different
weights as reflected by the weighting matrix). Henit is necessary for the EU
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politicians and policy makers to enforce institnbreforms in all the EU member
states to accelerate economic growth in the whategean Union.

Finally, it is worth to add that all the relatiomnzh interpreted here on the
basis of regression equations do not formally iaiicthe existence of causal
relationship. Causality is very hard to measurethélgh there are formal
econometric tests to verify the direction of caus#dtionship (e.g. Granger tests),
such a formal approach has a lot of shortcomings-aas we believe - it is better
to analyze causality using narrative-descriptivéhmeés as it is done in this study.

CONCLUDING REMARKS

This study develops the current state of knowledgereal economic
convergence by introducing spatial effects to themh model and assessing the
existence of convergence on the basis of spatiatioeships. In the paper we
propose an alternative structure of weights, base&conomic distances. Those
are constructed in two ways: (1) with the use @& Holume of trade between
particular countries, (2) on the basis of inverthfferences between the level
of GDP per capita of different countries. This mdare can be viewed as
robustness check to inverted geographic distaneg¢heamain determinant of the
strength of cross-sectional correlation. We esgémagppropriate spatial Durbin-
Watson models for the 28 EU countries over the 13®13 period.

We confirm the existence of GDP convergence andvstmat the model
with inverted GDP per capita distances is supeidothe approaches based on
inverted geographic distances and the volume afetrd&he SDM model with
inverted GDP per capita distances as weights slioatg? convergence parameter
equals 9.3%. It is a significantly lower estimatart in the case of the non-spatial
model wherglB amounts to 17.3%. This outcome is likely to shbat the standard
approach to economic growth modelling might resulartificially high estimates
of the pace of convergence.
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