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Abstract

Research background: Given the pivotal role of innovations and technatag progress in
shaping the economic development of regions andringal significance of spatial dimension of
innovation processes at the regional level, thessssent of technological convergence in the
regional scope becomes an essential research proflechnological convergence could be
identified on the basis of the analysis of totaltda productivity (TFP). The significance of the
technological convergence analysis results fromf#iogé that income convergence can be both
accelerated or impeded, depending on whether itial idifferences in the level of technology
(TFP) decrease or increase over time.

Purpose of the article: The aim of the paper is twofold. Firstly, we attértgppdevelop a theoreti-
cal framework for the analysis of the technologicahvergence. Secondly, we investigate the
technological convergence (on the basis of the difdtysis) across European regions.

Methods: During the first stage of the research, we empl®y multiplicatively-complete Fare-
Primont index to calculate TFP. The second stagbeoftudy includes estimation of spatial panel
models applied to assess the level of technologioalergence across European regions. The
research sample consists of 273 NUTS 2 EuropeaonUiitU) regions over the period 2010—
2016.

Findings & Value added: The results of the study confirm a clear divisidnEarope into the
Western European regions with high TFP values hadsastern European regions with low TFP
level. The research also shows that in the Eas&arnpean regions the process of reducing the
differences in the productivity levels is fastearthin Western European regions. Since the issue
of technological convergence is still not suffidigrexplored in the relevant literature our paper
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attempts to fill a cognitive and methodological gaghe investigation of the technological con-
vergence in the European regional space.

I ntroduction

Abundant evidence in the relevant literature intdisahat the existing dis-
parities in regional economic development can lel@minantly attributed
to differences in productivity (Islam, 2003a). Aysificant part of the iden-
tified differences in the per capita income thahaes unexplained after
taking into account the differences in physicalhoman capital, can be
attributed to Total Factor Productivity (TFP) thigtermines how efficient-
ly and intensely the available inputs are useddapction. Recent theories
of growth and development suggest that heterogensih respect to tech-
nological conditions in general and TFP in paracudre identified as the
most decisive factors responsible for the absefi@dsolute income con-
vergence of countries and/or regions. This viewoissistent with Otsuket
al. (2010), who showed that the majority of regionabreomic growth is
explained by a region’s unigue technological pogntn this light, the
analysis of technological convergence in the regli@eope, which is the
process of making the regions similar to each athéerms of the level of
technology, becomes an essential research prolfemee the issue of
technological convergence is still not sufficiendiyplored in the relevant
literature our paper attempts to fill a cognitivedamethodological gap in
the investigation of the technological convergeincine European regional
space.

Bearing in mind the aforementioned consideratitms aim of the paper
is twofold. Firstly, we attempt to develop a thema framework for the
analysis of the technological convergence. Seconally investigate the
technological convergence (on the basis of the difrftysis) across Euro-
pean regions.

In the first stage of the research, we employ thdtiplicatively-
complete Fare-Primont index to calculate Tdskhis index is considered to
be better applicable in wider economic context @mparison to the
Malmquist TFP index (O’Donnell, 2012). The secorage of the study
includes estimation of spatial panel models whiahapplied to assess the
level of technological convergence across 273 Edibres at the NUTS 2
level.

The reminder of the paper is organized as folldwghe next section,
a brief overview of the literature illustrating tlencept of technological
convergence, its features and measurement is peelséhe third section
describes the data and methods adopted to caldfé&eand technological
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convergence across EU regions. The next two secpogsent, respective-
ly, the results of the analysis along with a bdisicussion of the main find-
ings. The final section summarizes the results disdusses their policy
implications.

Literaturereview

The empirical literature on convergence is largd ampidly expanding
(Abreu et al., 2005). For over 30 years, intensive researcltherconver-
gence processes resulted in identification of diffié kinds of convergence,
as well as emergence of various approaches tosiesament (Islam,
2003b). Even though the complexity of this issus het allowed so far to
formulate its single, universal definition, it seeravident that the term
‘convergence’ most frequently refers to the proadsdiminishing the dif-
ferences initially existing between individual otig often regarding di-
verse phenomena, which can ultimately lead to apbeten disappearance of
those differences. Amongst many approaches emplayethe relevant
literature to identify the existence of convergeitehe economic sense,
the following two appear to be most commonly addptbe beta conver-
gence test (conditional and unconditional) anddilgena convergence test
(Sala-i-Martin, 1990). The former approach involvegestigation of the
linear relationship between the average changegiven variable and its
initial level over a given period of time. A negagiassociation indicates
that regions exhibiting lower initial levels of aegn variable are able to
realise a higher rate of its increase, thus leatlirfigatching up” with more
developed regions. In turn the sigma convergenigesren the analysis of
trends in the changes of the level of dispersioa given variable between
various regions. Under this approach, lower disparindicates that the
analysed regions are converging.

Classical convergence refers to the Solow-Swan motil@conomic
growth with its central hypothesis that diminishiregurns to investment
cause the growth rate of a given country to dectineit approaches its
steady state level of per capita unit of effectafgour, which impliesge-
teris paribus, slower growth of richer economies than the poaees
(Dowrick & Rogers, 2002). As Bernard and Jones §) $®int out, howev-
er, this approach ignores the role of technology the potential for tech-
nology transfer and so, they suggest inclusioneohnology transfer into
the analysis that should provide a richer frameworkconvergence expla-
nation. The assumption that technology levels aodip rates vary across
countries allows to state that poor economies, adtarised with a large
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technology gap, may face faster growth providingirttability to absorb
technology (Fagerberg, 1994). Incorporation of tetbgy transfer is visi-
ble in endogenous growth models where growth rdeggend on the dy-
namics of technological catch-up (Howitt, 2000).

Initially, empirical studies set out to investigéite convergence process
focusing on income differentials (both classicahw&rgence and techno-
logical catch-up models contain the log of initBDP per capita in the
empirical estimating equations (Dowrick & Roger§02)). However, the
productivity dynamics analysis appears to be ggiran increasing im-
portance in explaining economic inequalities acromsntries and regions
(Easterly & Levine, 2001). As the regional devel@ombecomes increas-
ingly dependent of the efficiency of innovation pesses and technological
progress (Crescenzi & Rodriguez-Pose, 2011), teatadin of researchers
has gradually shifted towards the technologicaleetsp of convergence
(Ramajoet al., 2008; Ezcurrat al., 2009; Di Liberto & Usai, 2013). The
regional level of analysis seems to be relevamegi®nal disparities within
the EU member states appear to persist or everot® (fGiannetti, 2002,
Cappelenet al. 2003; Le Gallo & Dall'erba, 2008; Geppert & Stepha
2008). Moreover, it is widely accepted that spagiffiécts have an impact
on the process of regional growth as contiguougonsgtend to grow at
similar rates (Paci & Pigliaru, 2002; Fingleton02).

Technological convergence can be defined as theepsoof making the
regions similar to each other in terms of the leafelechnology. Most of-
ten, technological convergence is identified onlihsis of TFP. This indi-
cator is used to measure the joint effectivenesdl afiputs combined in the
production process. Changes in TFP, which are agp&rom changes in
inputs, represent the joint effects of all inpugsaenting technological
improvements and the effect of Hicks-neutral teébmical change. The
significance of the concept of technological cogesice results from the
fact that income convergence can be both accetei@ted impeded, de-
pending on whether the initial differences in thedl of technology (TFP)
decrease or increase over time (Islam, 2003b). i@oation of this argu-
ment can be found in empirical studies as MafféZ21l06) demonstrated
that the process of the convergence in relative iEFERe main determinant
of the change in the shape of regional economiwiiro

A wide range of different approaches is currentgdiin the literature
to determine TFPAccording to Schatzeet al. (2019), the choice of
a modelhas an essential impact on estimation resultbdtn TFP levels
and TFP growth rateslaving reviewednost of the available methodolo-
gies for productivity estimation Del Gatgbal. (2011) suggest distinguish-
ing between deterministic methodologies, whose wuip a ‘calculated’
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measure of TFP, and econometric ones, which yestimated’ productivi-
ty levels and/or growth rates as well as betweentier and non-frontier
approaches.

The classical TFP approach stems from the Solovwbdl9macro-
economic model based on the aggregate productioctifun relating the
total output of a given economy to the inputs dfibdactors of production
(i.e. capital and labour) and an exogenous varidegeribing the available
technology. Provided that each economic agent tgerfficiently, eco-
nomic growth can be decomposed into contributiams @ factor (capital
and labour) accumulation and TFP growth, whicldéntified with techno-
logical progress. Under this approach, TFP is daled residually and it is
often referred as the “Solow residual” (Salinaseheeet al., 2006). How-
ever, when inefficiency occurs, the estimationeathiical progress will be
biased.

More recent studies, however, often adopt the ieopproach, which
allows for the presence of inefficiencies resultingm the sub-optimal
decisions of economic agents that prevent the hctuigput of a given
economy from reaching its theoretically possiblexiimaim demarcated by
the frontier Seker & Saliola, 2018). It is focused on the decosifan of
TFP growth into efficiency change, represented byements of the econ-
omy towards or away from the production frontierd @aechnological pro-
gress represented by shifts of the production ieor(O’'Donnell, 2012).
This framework is based on the assessment of ohavicontributions of
technological progress, changes in efficiency, eayital accumulation to
the labour productivity growth. TFP is decomposgdmeans of produc-
tivity indices of which the most frequently emplaoyim the empirical anal-
yses is the Malmquist index. However, in the pregmper, we employ
Fare-Primont index in order to decompose TFP,@xrding to O’Donnell
(2012), this index is considered to be better applie in wider economic
context in comparison to the Malmquist TFP indeat tbtannot always be
interpreted as a measure of productivity change.

As it is commonly considered, the level of TFP gitofor an economy
lagging behind the technological frontier dependsrmovation and tech-
nology transfer from the leader to the follower cwoies (Cameroret al.,
2005). Basing on the “neo-Schumpeterian” growthreagh (Aghion &
Howitt, 2006) TFP growth depends on the rate obwation creation and
on the rate of adoption or diffusion of new tecligiés in the regional
economies. As Camera al. (2005) demonstrate a positive effect of dis-
tance from the technological frontier on the raieproductivity growth is
observed. Other things equal, the further distarican economy from the
technological frontier, the higher its rate of Tgi@wth.
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Resear ch methodology

On the basis of literature review, the followinge&arch hypothesis is for-
mulated:

H1: Technological convergence process occurs across the EU regions.

The examined sample consists of 273 European Ujkth) regions at
NUTS 2 level. Due to the lack of comparable data,exclude the regions
from Cyprus, Croatia and Ireland. At the initighgt of our study, we cal-
culate the total factor productivity (TFP). TFPdsfined as the ratio of
aggregate output to aggregate input. We use omioand two input vari-
ables to estimate TFP. We use gross domestic prq@iz2P) at current
market prices as the output variable. The inpuialées are employment
(EMP) in thousand hours worked and gross fixed tahpiormation
(GFCF). The latter consists of resident producimgstments, deducting
disposals, in fixed assets during a given periddinfsut and output quanti-
tative variables are scaled to have unit meansphee the problems with
their different orders of magnitude. The regionatadon these variables
have been extracted from the Eurostat databaseasds the years 2010-
2016. The data have a panel structure with 273 amitl 7 periods.

We apply the Fare-Primont index to estimate thal fiaictor productivi-
ty. It contains aggregator functions of the follagiform (O’Donnell,
2011):

Q(q) = Do(x0,9, to) (1)

X(x) = Dy(x,qo, to) (2)
wherex, andgq, are vectors of representative input and outpuhfijies,
t, denotes a representative time period, Bg@d) andD;(.) are output and

input distance functions.
The index is calculated as follows (O’Donnell, 2p11

TFPhS,it _ Do(x0,qit:to)  Di(xns.qo.to) (3)

Do(X0.9ns:to)  Di(xit.qo.to)

It measures TFP of regidnn periodt relative to TFP of regioh in pe-
riods.

We employ DPIN program for the Fare-Primont indaiculation. The
program estimates the production technology andcéged measures of
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productivity and efficiency using data envelopmanalysis (DEA) linear
programs (LPs). DEA is based on the assumptiontitleabutput and input
distance functions representing the technologylaviai in period take the
form:

Do (it Qi t) = (qix @)/ (¥ + X B) (4)
Dy (xit, i, £) = (xiem)/(qied — 6) %)

DPIN computes Fare-Primont indexes by finding thleiteon of the fol-
lowing two LPs (O’Donnell, 2011):

Do (X0, qo, to) ~H = mingy g{y + xoB: vt + X'B = Q'a; qoa = (6)
L,a=0;8=0}

Dy (x0, 90, to) ' = maxy 5,{qod — 6:Q"d < S+ X'm; xom =
1,6>0;7>=>0} (7)

After calculating TFP values for NUTS 2 regions tiext step involves
performance of convergence analysis. We apply tbecept of B-
convergence. Initial works in this area (Manlgial., 1992; Barro & Sala-
i-Martin, 1995) use the cross-sectional data modeksonvergence, while
the later ones (Islam, 1995) employ models for paa¢a. Another im-
portant factor that should be taken into accourth@analysis of regional
convergence is the spatial dependence betweemeedhs spatial analysis
techniques mature, scholars have focused on theemde of spatial de-
pendence on regional efficiency instead of mereptdio of absolute or
conditional convergence equation of economics (eetal., 2017). Thus,
we apply apatial panel model to make an empirical analysiElbregion-
al productivity convergence.

The classical model of-convergence for cross-section data is con-
structed as:

In (3%) =a+ PIn(y;;) + ¢ (8)

1

wherey;; andy;r are the level of variable in the unin the first and the last
period, respectively. The estimate of param@texforms about the direc-
tion and intensity of the convergence process I6 less than zero, it
means that an absolute convergence ocByrsontrastfl greater than zero
indicates divergence.
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The use of the model for cross-section data catlsssome infor-
mation about the variability of spatial units’ feeds between first and last
period is lost. For this reason, the model for paaa should be applied,
according to the following formula:

In (%) =a+ ﬁln(}’i,t—l) 1+ Yt i 9)

The panel data model contains both the individuad &me effects
which can be treated as fixed (FE) or random (RE).

The analysis of convergence for spatial units megutaking into ac-
count the spatial dependence between regions. Td® comprehensive
specification of spatial panel model for convergerstudy additionally
includes spatially lagged dependent and independgidbles, and spatial-
ly lagged error, given by:

In (L) = a + B1In(yie—1) + BaWIn(yie-1) + len( ™ ) " (10)

Yit-1 Yit-1

N+ Ve + Ui, Uy = AWuye + €

The parameterg, andp indicate the effects of productivity and its
changes in the regions on the productivity chamgegighbouring regions.
If A =0, the model (10) is the SAR (spatial autoregjxey convergence
model, and ip = 0, it is the SEM (spatial error model) convergeemodel.

In order to examine the differences in the conuecgeprocesses be-
tween the ‘old’ EU member states and the ‘new’ ofsgter the 2004 en-
largement), the additional component is includethexmodel. In result, the
final version of the model becomes as follows:

@+ BiIn(yie—1) + ﬁlen(yL t-1) + BsWIn(y;e—1) + (11)
p1Wln< it ) + ni + 14 + Ujt, Uit = Awult + Eit

whereN is a dummy variable which takes the value of thé region is in
the country of the ‘new’ EU, and 0 otherwise.

In our study, we use the spatial weights matrixclhieflects the inten-
sity of the geographic and economic relationshiggvben regions. They are
based on the distances between regions and thedke@&DP per capita.
The spatial weights are calculated as follow:
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qij . .
—=, i #
wy =1’ T (12)
0, i=j
whereg; is the absolute value of the difference in therage level of GDP
per capita between regionsindj, d; is the distance between the centroids

of regions andj. The matrix is row standardized.

Results

During the first stage of the study we calculatéTUsing the Fare-Primont
index. The input variables are employment and gfos capital for-
mation, and the output variable is GDP. Figuredsent the average levels
of TFP in 273 NUTS regions in years 2010-2016. fégions with the
highest average level of TFP values are locatethenUnited Kingdom.
Eight of the top ten regions (fifteen of the togetwy regions) are located in
this country. As expected, first and third posifi@tcupy Inner London —
West and Inner London — East. Surprisingly, higsipons in the ranking
are occupied by the Greek regions. Attica takesdoend place, and Notio
Ejeo — nineteenth place in the ranking. The otfmmtries with regions
exhibiting high levels of TFP values are two small countriesCyprus
and Luxembourg, and Denmark, Portugal, the NethddgGroningen —
fifth position), Italy and Germany (Dusseldorf —irteen position, Arns-
berg — twentieth position). The regions with thghast TFP values be-
long to the ‘old’ EU, which specializes in knowledmtensive services
(KIS) (Marrocuet al., 2013).

At the bottom of the ranking there are regions i lowest TFP lev-
els. All of them, except one, are located in thentoes of Central and
Eastern Europe. This exception is a British regierNorth Eastern Scot-
land (sixth lowest position). The regions with bevest average level of
TFP values are located in Bulgaria (Yuzhen Tsesiral- second position,
Yugoiztochen — third position, Severoiztochen — rfbuposition) and
Romania (Bucuresti-llfov — first position, Nord-Est fifth position). The
other countries with regions revealing low levelsTEP values are Czech
Republic (Severozapad — eleventh position, Strede¢hy — thirteen
position), Estonia, Hungary (Dél-Dunantil — sevemdisition), Latvia and
Poland (Podlaskie — eighth position, Warminsko-Makie — twelfth
position). In contrast to the previous group ofioeg, the regions with the
lowest levels of TFP belong to the ‘new’ Europe jchhspecializes in low-
tech manufacturing (LTM) (Marrocet al., 2013).
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At the second stage of the study, we use spatialpaodel to verify
convergence process of TFP between NUTS 2 regidrescomprehensive
model (11) with spatial weights (12) in two versioffixed and random
effects) is applied. We use the QML estimator defivoy Lee and Yu
(2010a) to estimate the parameters of the modél fived effects and the
ML estimator derived by Lee and Yu (2010b) for thedel with random
effects. Time effects turn out to be not significgmvalue near 1) and thus
they are removed from the model. Table 1 pres@etestimation results.

As the study is conducted for a group of regiorst ttovers a certain
population (NUTS regions), the FE model is preféroger the RE model.
We also perform the Hausman test to differentiaisvben the FE model
and the RE model. The results of the test provide@ng evidence in fa-
vour of the FE model (chi2 = 647,55, p =0). Thel®#Viest shows high
significance of spatial terms in the models, whecimfirms the validity of
including spatial dependencies in the analysis.

The results show that productivity in European eagiclearly converg-
es. It means that in 2010-2016 productivity in N@T8gions with low
levels of TFP grew faster than in regions with higlels of TFP. In conse-
guence, the productivity of European economies geding closer, which
proves positive tendencies and effectiveness ofrthevation policy tools
used by the institutions of the European Union. &M® verify the differ-
ence in intensity of convergence process betweemegions of ‘old’ and
‘new’ EU member states. The outcomes for the FEahodlicate a little
stronger convergence for regions in the ‘old’ Eut the difference is sta-
tistically insignificant p > 0.1). It means that both ‘old’ and ‘new’ EU
countries follow the similar path of convergenceqass.

The analysis of spatial effects gives ground ttatement that the level
and changes of productivity in a given region hampact on changes in
productivity levels in other regions. The highee tlevel of TFP and the
higher its growth in the neighbouring regions &ne, higher growth of TFP
in a region is. This may be explained by a moth@teffect of innovation
performance in EU regions on innovation performancether regions.
This stimulation is beneficial for the entire Eueam Union because it
strengthens its position in relation to other woelcbnomies, especially
China and USA.

Discussion

The results of our research allow to identify teehinological convergence
process across the EU NUTS2 regions over the yHB8-2016. We hy-
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pothesise and demonstrate that productivity inargyiwith low levels of
TFP grew faster than in those with high levels BPT These findings are in
line with Mannasoat al. (2016) who examined regional productivity con-
vergence for 99 European NUTS 1 regions in 20003-2010 demonstrated
that the fastest growth of TFP occurred in theldatgup regions of CEE.

Our findings seem patrticularly interesting in comigan to the results of
a study by Di Liberto and Usai (2013) who analy$8@8 NUTS 2 regions
in EU15 (plus Norway and Switzerland) between 1888 2006, but did
not find the evidence of TFP convergence, arguirag TFP dispersion in
the ‘old’ member countries was virtually constalnt.this light, the TFP
convergence across the regions of the enlargech&lUate observed in our
study results from external productivity spillovers the regions of the
‘new’ member states arising from apparent proditgtigap, as suggested
by Mannasoet al. (2016).

The productivity convergence across the EU regisrikely driven by
implementation of European policy goals aiming mwidishing develop-
ment disparities. Our results might also be viewsdan evidence of the
effectiveness of the Europe 2020 Strategy (Euroggammission, 2010)
which promotes innovation and knowledge transfepssx EU that foster
economic factor productivity cohesion.

The presented evidence of faster growth of proditgtin the ‘new’
member states is also in line with the findingsBalcerzak (2015), who
demonstrated a significant progress made by thmsgtries in implementa-
tion of Europe 2020 Strategy, which allowed to @uhe gap to ‘old’
member states (EU 15) roughly by half between 20043.

The statistically insignificant differences in th&P convergence inten-
sity between the regions of ‘old’ and ‘new’ memis¢ates have led us to
conclusion that both these groups of regions foliogimilar path of tech-
nological convergence process. In the light of eongorary economic
growth models, particularly those stemming from Swdow growth model,
these similar patterns of technological convergeareelikely resulting in
the analogous developments in GDP convergence,bssned, for in-
stance, by Kisiata and Susska (2017).

Even though the TFP convergence process leadsrowiag the over-
all productivity gap across the examined Europegions our results also
reveal that there are still considerable dispariiethis scope. In line with
the results of previous studies (among others: Bledgk et al., 2018,
Mannasocet al., 2016, Di Liberto & Usai, 2013) our findings indieathe
presence of relatively high and largely persistaterogeneity in TFP lev-
els across EU regions, especially pronounced betwee ‘old’ and ‘new’
member states. The above conditions likely reftaet differences in the
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overall innovation capacities of particular regiokge argue that the re-
gions of ‘old’ member states are more capable edting new knowledge
and technologies and thus are able to sustaindgitdgh TFP productivity,
whereas the vast majority of ‘new’ member statdg om imitation and
absorption of technologies developed elsewhere égeeVarrocuet al.,
2013).

Combining the findings of TFP convergence with pleesistence of the
overall disparities in productivity levels acrobe tEU regions seems to be
consistent with the results of Sosgka (2012) who argues that the techno-
logical convergence in the EU27 countries refleatambtly the effects of
imitation rather than innovation.

As suggested by Aghion and Howitt (2006), decreppitoductivity gap
requires attracting investors from technologicalyvanced regions and
therefore creating an investor-friendly macroecoicoand social condi-
tions. An important role is also played by economdicies promoting
openness enabling technology transfer between ‘@’ ‘old’ European
countries (Tica & Sild, 2019; Pietruchat al., 2018).This model, howev-
er, could likely result in strengthening the biguomodel of innovators and
imitators. Breaking this technology-dependenceepatrequires an effi-
cient and consistent policy aimed at fostering tiveannovation potential
in less developed regions. Additionally, the reedaspatial dimension of
TFP dispersion patterns suggests that a key fotusnovation policy in
peripheral regions should be placed on developaedtfostering ICT as it
might significantly decrease the difficulties incass to new technologies
caused by the physical distance from frontier negio

In this context, special significance should bégmed to the proper de-
velopment of institutional framework supporting thraart development of
less advanced regions, especially peripheral. AseBeak and Pietrzak
(2016) point out, institutional reforms are crudiad fostering the reduction
of productivity gap between ‘new’ and ‘old’ membeifsEU.

Implementation of policy might be, however, difficin the less devel-
oped regions as they face significant structurataties in diminishing the
productivity gap (see eg. Haidetral., 2020, Bedné& Haldskova, 2018).

In this context, an important contribution of owundy arises from the
evidence demonstrating the presence of signifispatial effects in TFP
distribution. In particular, we find that the levahd growth rate of TFP in
a given region largely depend on the analogous itiond in the neigh-
bouring regions. In this aspect, our results aldloeee to the findings of
previous studies that underline the significancéhefspatial dimension for
productivity growth (Mannasoet al., 2018). Therefore, we argue that spa-
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tial dimension of developments of TFP across Ewropeegions strongly
contributes to the disparities observed in thisade in the long-run.

Conclusions

The results of conducted analysis support the mgpothesis of the study
that technological convergence process occurs fdtos EU regions.
Productivity grew faster in the regions with lovitial levels of TFP than in
the regions with high initial levels of TFP. A diigdifference in the inten-
sity of TFP convergence in all EU regions or itsklaf significance con-
firms that the convergence of productivity in UEistable and sustainable
process.

Moreover, the spatial effects analysis revealetttimlevel and growth
rate of TFP in a given region largely depend onlével and dynamics of
TFP in the neighbouring regions, thus providingeaitence of the signifi-
cance of spillover effects in shaping regional digwment trajectories.

Last decades of European regional policy show rifgignt increase in
actions and investments to reinforce the convemggmocess. Although
disparities in TFP across the EU regions are gtdiminent, the observed
technological convergence process provides evidehualidity of region-
al and innovation policy actions.

The main limitation of our study is related to fhmited availability of
statistical data at the NUTS2 level, as the ingasiton of TFP convergence
process across regions requires long time series.

Since the crucial determinant of the existing défeces in regional eco-
nomic development can be attributed to differeniceproductivity, the
revealed convergence in productivity across Eunopegions should trans-
late into convergence in regional economic devekunin a long-run. In
this light, our analysis could be further extentdgcassessing the impact of
regional characteristics such as innovation craatia absorption capacity,
institutional environment, human capital, R&D ingéxy, trade openness or
spatial characteristics on the technological cogerce process across
European regions. Identification of the key factwatributing to reduction
of productivity gaps seems crucial from the stammulpof the effectiveness
of European regional development and innovatioicpol

307



Equilibrium. Quarterly Journal of Economics and Economic Palicy, 15(2), 295-313

References

Abreu, M., de Groot, H. L. F., & Florax R. (2005\ meta-analysis off-
convergence: the legendary 2%ournal of Economic Surveys, 19(3).
doi: 10.1111/j.0950-0804.2005.00253.x.

Aghion P., & Howitt P. (2006). Appropriate growtlolzies: a unifying frame-
work. Journal of the European Economic Association, 4(2—3). doi: 10.1162/
jeea.2006.4.2-3.269.

Balcerzak, A. P. (2015). Europe 2020 strategy andttiral diversity between old
and new member states. Application of zero uniion method for dynamic
analysis in the years 2004-20Eonomics and Sociology, 8(2). doi: 10.14254/
2071-789X.2015/8-2/14.

Balcerzak, A. P., & Pietrzak, M. B. (2016). Qualdf/institutions and total factor
productivity in the European UnioBtatistics in Transition New Series, Polish
Satistical Association, 17(3).

Barro, R. J., & Sala-i-Martin, X. (1995[conomic growth. New York: McGraw-
Hill.

Bedn&, P., & Halaskova, M. (2018). Innovation performarand R&D expendi-
tures in Western European regions: divergence ovargencedournal of In-
ternational Sudies, 11(1). doi:10.14254/2071-8330.2018/11-1/16.

Bernard, A. B., & Jones, Ch. I. (1996). Technolagyd convergenc&conomic
Journal, 106(437). doi: 10.2307/2235376.

Beugelsdijk, S., Klasing, M. J., & Milionis, P. (28). Regional economic devel-
opment in Europe: the role of total factor produityi Regional Studies, 52(4).
doi: 10.1080/00343404.2017.1334118.

Cameron, G., Proudman, J., & Redding, S. (2005¢hfelogical convergence,
R&D, trade and productivity growthEuropean Economic Review, 49(3). doi:
10.1016/S0014-2921(03)00070-9.

Cappelen, A., Castellacci, F., Fagerberg, J., &sgagen, B. (2003). Regional
disparities in income and unemployment in EuropeB| Fingleton (Ed.)Eu-
ropean regional growth. Springer.

Crescenzi, R., & Rodriguez-Pose, A. (201hnhovation and regional growth in
the European Union. Berlin, Heidelberg and New York: Springer.

Del Gatto, M., Di Liberto, A., & Petraglia, C. (201l Measuring productivity.
Journal of Economic Surveys, 25(5). doi: 10.1111/j.1467-6419.2009.00620.x.

Di Liberto, A., & Usai, S. (2013). TFP convergenaeross European regions:
a comparative spatial dynamics analysis. In R. ¢&&nex & M. Percoco (Eds.).
Geography, institutions and regional economic performance. Berlin Heidel-
berg: Springer-Verlag.

Dowrick, S., & Rogers, M. (2002). Classical andhtealogical convergence: be-
yond the Solow-Swan growth modébxford Economic Papers, 54(3). doi:
10.1093/0ep/54.3.369.

Easterly, W., & Levine, R. (2001). It's not factmccumulation: stylized facts and
growth modelsWorld Bank Economic Review, 15(2).

308



Equilibrium. Quarterly Journal of Economics and Economic Palicy, 15(2), 295-313

European Commission (201@®urope 2020 a strategy for smart, sustainable and
inclusive growth. Communication from the commission, Brussels, 3.B020
COM(2010) 2020.

Ezcurra, R., Iraizoz, B., & Pascual, P. (2009).al éactor productivity, efficiency,
and technological change in the European regiomsrgarametric approach.
Environment and Planning A. Economy and Space, 41(5). doi: 10.1068/a40362.

Fagerberg, J. (1994). Technology and internatialitiérences in growth rates.
Journal of Economic Literature, 32(3).

Fingleton, B. (2003). Introduction. In B. Fingletqitd.). European regional
growth. Springer.

Geppert, K., & Stephan, A. (2008). Regional didpesiin the European Union:
convergence and agglomerati®apers in Regional Science, 87. doi: 10.1111
/].1435-5957.2007.00161.x.

Giannetti, M. (2002). The effects of integration megional disparities: conver-
gence, divergence or bottEuropean Economic Review, 46. doi: 10.1016/
S0014-2921(01)00166-0.

Haider, F., Kunst, R., & Wirl, F. (2020). Total fac productivity, its components
and driversEmpirica. doi: 10.1007/s10663-020-09476-4.

Howitt, P. (2000). Endogenous growth and cross-tguimcome differences.
American Economic Review, 90(4). doi: 10.1257/aer.90.4.829.

Islam, N. (1995). Growth empirics: a panel datarapph.Quarterly Journal of
Economics, 110(4). doi: 10.2307/2946651.

Islam, N. (2003a). Productivity dynamics in a laggmple of countries: a panel
study.Review of Income and Wealth, 49(2). doi: 10.1111/1475-4991.00085.

Islam, N. (2003b). What have we learnt from thevemgence debate®urnal of
Economic Surveys, 17(3). doi: 10.1111/1467-6419.00197.

Kisiata, W., & Suszjiska, K. (2017). Economic growth and disparitieseapiri-
cal analysis for the Central and Eastern Europeantdes Equilibrium. Quar-
terly Journal of Economics and Economic Policy, 12(4). doi: 10.24136/eq.v
12i4.32.

Lee, L. F., & Yu, J. (2010a). Estimation of spatatoregressive panel data models
with fixed effects.Journal of Econometrics, 154(2). doi:10.1016/j.jeconom.
2009.08.001.

Lee, L. F., & Yu, J. (2010b). Some recent developtsién spatial panel data mod-
els.Regional Science and Urban Economics, 40(5). doi:10.1016/j.regsciurbeco.
2009.09.002.

Le Gallo J., & Dall'erba S. (2008). Spatial andtsed productivity convergence
between European regions 1975-20B@pers in Regional Science, 87. doi:
10.1111/j.1435-5957.2007.00159.x.

Maffezzoli, M. (2006). Convergence across Italiagions and the role of techno-
logical catch-up.Topics in Macroeconomics, 6(1). doi: 10.2202/1534-5998.
1405.

Mankiw, N. G., Romer, D., & Weil, D. (1992). A caiftution to the empirics of
economic growth.Quarterly Journal of Economics, 107(2). doi: 10.2307/
2118477.

309



Equilibrium. Quarterly Journal of Economics and Economic Palicy, 15(2), 295-313

Méannasoo, K., Hein, H., & Ruubel, R. (2016). Regioproductivity convergence
in advanced and emerging European econorfigadish | nstitute for Europe-
an Policy Sudies, European Policy Analysis, 12.

Mannasoo, K., Hein, H., & Ruubel, R. (2018). Thatcitbutions of human capital,
R&D spending and convergence to total factor prtiditg growth. Regional
Studies, 52(12). doi: 10.1080/00343404.2018.1445848.

Marrocu, E., Paci, R., & Usai, S. (2013). Produttigrowth in the old and new
Europe: the role of agglomeration externalitidaurnal of Regional Science,
53(3). doi: 10.1111/jors.12000.

Miller, S. M., & Upadhyay, M. P. (2002). Total factproductivity and the conver-
gence hypothesigournal of Macroeconomics, 24.

O’Donnell, C. J. (2011)DPIN 3.0. A program for decomposing productivity index
numbers. University of Queensland: Queensland.

O’Donnell, C. J. (2012). An aggregate quantity femwrk for measuring and de-
composing productivity changéournal of Productivity Analysis, 38(3).

Otsuka, A., & Goto, M. (2016). Total factor produitly and the convergence of
disparities in Japanese regioAsnals of Regional Science, 56. doi: 10.1007/s
00168-016-0745-x.

Paci, R., & Pigliaru, F. (2002). Technological difon, spatial spillovers and re-
gional convergence in Europe. In J. R. Cuadrador®R&uM. Parellada (Eds.).
Regional convergence in the European Union. Advances in spatial science.
Berlin, Heidelberg: Springer.

Pietrucha, J.Zelazny, R., Koziowska, M., & Sojka, O. (2018). Impand FDI as
channels of international TFP spillovetsquilibrium. Quarterly Journal of
Economics and Economic Policy, 13(1). doi: 10.24136/eq.2018.003.

Ramajo, J., Marquez, M. A., Hewings, G. J. D., &irgss-Jimenez, M. M. (2008).
Spatial heterogeneity and interregional spilloviergshe European Union: do
cohesion policies encourage convergence acrossngRfturopean Economic
Review, 52. doi: 10.1016/j.euroecorev.2007.05.006.

Sala-i-Martin, X. (1990)On growth and states. Ph.D. dissertation, Harvard Uni-
versity.

Salinas-Jimenez, M. M., Alvarez-Ayuso, |., & DelgaRodriguez, J. (2006). Capi-
tal accumulation and TFP growth in the EU: a prdiducfrontier approach.
Journal of Policy Modeling, 28. doi: 10.1016/j.jpolmod.2005.07.008.

Schatzer, T., Siller, M., & Walde, J. (2019). Thepact of model choice on esti-
mates of regional TFPIlnternational Regional Science Review, 42(1). doi:
10.1177/0160017618754311.

Seker, M., & Saliola, F. (2018). A cross-country lysés of total factor productivi-
ty using micro-level dataCentral Bank Review, 18(1). doi: 10.1016/j.cbrev.
2018.01.001.

Soszyska, E. (2012). ENTechnological convergence andosedechnological
capabilities in the European Union countribetody ilosciowe w badaniach
ekonomicznych, XII1(3).

Solow, R. M. (1957). Technical change and the agmee production function.
Review of Economics and Satistics, 39(3). doi:10.2307/1926047.

310



Equilibrium. Quarterly Journal of Economics and Economic Palicy, 15(2), 295-313

Tica, J., & Siké, L. (2019). Endogenous convergence and interratigehnologi-
cal diffusion channelsSouth East European Journal of Economics and Busi-
ness, 14(2). doi: 10.2478/jeb-2019-0012.

Ze-Lei, X., Xin-ya, D., & Fei, F. (2017). Converganin China’s high-tech indus-
try development performance: a spatial panel modeplied Economics,
49(52). doi: 10.1080/00036846.2017.1305091.

Acknowledgments

The project was financed by National Science CeRtotand on the basis of deci-
sion number 2017/27/B/HS4/00893.

311



Annex

Table 1. Estimates of model parameters

Random effects

Parameters Fixed effects
o -0.019
By —0.645™ -0.163""
B2 0.024 0.027""
B3 0.653"" 0.143™
P 0.902" 0.867"
A -1.2177 —1.153""
direct effect (In(TFP;,,) -0.637"" -0.157™"
indirect effect (In(TFP;.;) 0.767 0.049
Log likelihood 1610.0 1702.49
Pseudo R2 0.077 0.097
AIC -3208.0 -3388.98
Wald test — spatial terms 579.88 388.44
(p-value) (0.00) (0.00)

*p<0.1,7 p<0.05 " p<00L.

Source: own calculations using STATA 15.



Figure 1. TFP in EU regions
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Source: Map generated using STATA 15.





