Local convergence clubs in Hungary: The role of initial and
structural factors in club formation (2001-2020)

Zoltan, Egri Ph.D. associate professor (corresponding author)

Hungarian University of Agriculture and Life Sciences, Institute of Rural Development and
Sustainable Economy, 5540 Szarvas, Szabadsag str. 1-3., Hungary. E-mail: egri.zoltan@uni-
mate.hu

Julianna, Csugany, Ph.D., associate professor
Eszterhdzy Karoly Catholic University, Faculty of Economic and Social Sciences, 3300 Eger,
Egészséghaz str. 4., Hungary. E-mail: csugany.julianna@uni-eszterhazy.hu

Tamas, Tanczos Ph.D. associate professor
Eszterhazy Kéroly Catholic University, Faculty of Economic and Social Sciences, 3300 Eger,
Egészséghaz str. 4., Hungary. E-mail: tanczos.tamas@uni-eszterhazy.hu

Abstract

This study identifies convergence clubs based on district-level income per taxpayer in Hungary
and investigates how initial conditions and structural characteristics affect clubs’ emergence.
To do so, we perform a two-step procedure, using the log t-test to delineate districts that
converge towards the same steady-state condition, and then employing ordinal logistic
regression to analyse the role of factors that influence club membership. Our results
demonstrate that no global convergence occurred in Hungarian districts between 2001 and 2020
after verifying the presence of six convergence clubs. Our analyses confirm the club
convergence hypothesis, finding that clubs’ formation is primarily influenced by initial
conditions (initial income, human capital). Stable and persistent inequalities are evident
between clubs, which do not seem to be resolved in the long run. The authors propose a club-

specific development toolkit to address these inequalities.
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Introduction

The issues of territorial income inequalities have featured prominently in academic research
and in economic and territorial policy strategies over the last two to three decades (Barro—Sala-
i-Martin 1995, Quah 1996, lammarino et al. 2017). Interregional convergence and balancing
(equalisation) are also strongly relevant for and clearly linked to the main policy objectives of
the European Union (EU). Article 158 of the Treaty of Rome (1957) addressed the issues of
strengthening economic and social cohesion, reducing territorial disparities and helping rural
areas to catch up. This topic raised considerable interest in East-Central Europe, including
Hungary, during regime change and afterwards (Capello—Perucca 2013, Smetkowski 2015,
2018, Kotosz—Lengyel 2018). Socio-economic and political changes (regime change), the
impact of globalisation and the European integration processes have significantly deepened
territorial differences in Central and Eastern Europe (Smetkowski 2018, Gorzelak 2020,
Ezcurra—Del Villar 2021). These objectives are also clearly reflected in Hungary’s spatial
development policy, which is aimed at, for example, reducing territorial disparities (and
achieving a balanced spatial structure), promoting territorial socio-economic growth and
catching up and dynamising external and internal peripheries and underdeveloped regions
(OFTK 2014).

According to previous literature, convergence processes can basically be examined from two
perspectives, which are referred to as beta (B— and sigma (o—). According to Barro—Sala-i-
Martin (1995), an inverse relationship emerges between the initial development level and the
growth rate, and all economies converge to the same steady state, but only if the units of
observation are homogeneous in some respect (Mankiw et al. 1992). Convergence to this steady
state is called absolute or unconditional B-convergence. In the case of conditional [-
convergence, reaching a steady state depends on initial income and other country-specific
factors (qualification, rate of population change, investment and other relevant characteristics)
and the steady state may vary from one territorial unit to another (Mankiw et al. 1992). The o-
convergence approach implies a reduction in the dispersion of income per capita, i.e. a reduction
in inequality (Friedrich-Eckey-Tiirck 2007). Quah (1993, 1996) argued strongly against
traditional B- and c-convergence studies, claiming that they do not adequately capture the
phenomenon of income convergence, dynamics and mobility. Baumol (1986) and Baumol—
Wolff (1988) delineated convergence clubs showing similar income paths within a certain set
of countries in the world, demonstrating that countries are converging to their group- or club-
specific equilibrium states, i.e. multiple spatial equilibrium states are present. Regions’ long-

term growth paths are determined by the initial and structural conditions for each group
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(representing club convergence; Galor 1996, Azariadis—Stachurski 2005, Bartkowska—RiedlI
2012). The above convergence processes have been validated at country and regional levels,
and several analyses have addressed these topics (Durlauf-Johnson 1995, Friedrich-Eckey—
Tiirck 2007, von Lyncker—Thoennessen 2016, Cutrini 2019, Szakalné Kan6—-Lengyel 2021).
This study aims to describe the local specificities inherent to the phenomena of convergence
club formation and club convergence in Hungary. Several previous analyses have confirmed
the presence of convergence clubs at regional level in Hungary. At the NUTS2?! level, various
analyses have revealed differing income paths for Hungarian regions, with the north-western
part of the country and the capital producing two-thirds of the gross domestic product (GDP),
while other regions have been part of the lowest income club in the EU since Hungary’s
accession (EC 2017, lammarino et al. 2017). Lengyel-Varga (2018) classified Hungarian
counties into ‘multi-speed’ clubs based on their development paths, giving them labels such as
‘centre’, ‘foreign direct investment (FDI) manufacturing’, ‘re-industrialising’, ‘knowledge
centre’ or ‘rural’. The multi-speed regional EU and Central and Eastern Europe have been
examined in various analyses (Alexiadis 2013, Cutrini 2019, Szakalné Kano—-Lengyel 2021,
lammarino et al. 2020), describing the differentiated income paths of the NUTS2 and NUTS3
regions in Hungary. lammarino et al. (2020) classified EU regions into different types of
development traps at different income levels, with the majority of Hungarian regions attributed
to the ‘regions trapped at low levels of income’ group. However, very little evidence has been
produced concerning convergence club formation and club convergence at the local level in
Hungary.

The remainder of this paper is structured as follows. Following this introduction, the theoretical
background describes convergence clubs, the club convergence hypothesis and the processes
of income inequality at the international and local (Hungarian) level. This section argues that
NUTS2/NUTS3 and lower territorial levels are suitable for describing income inequality
(convergence/divergence) processes, and convergence clubs in particular. The third section
includes the methodologies used for describing convergence club formation and club
convergence and the databases used for the analysis. The next section presents the main local
results for the Hungarian geographical space, followed by a discussion of the results. The final

section contains a summary of the paper.

! The nomenclature of territorial units for statistics (NUTS) classification is a hierarchical system for dividing up
the EU territory. NUTS 2 refers to basic regions for the application of regional policies and NUTS 3 is small
regions for specific diagnoses.
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Convergence clubs and the club convergence hypothesis (subnational [regional]
perspective)

The practical applicability of convergence clubs and club convergence hypothesis has been
tested by many authors (Baumol-Wolff 1988, Durlauf-Johnson 1995, Quah 1996, Le Gallo
2001, Bartkowska—Riedl 2012, Alexiadis 2013, von Lyncker—Thoennessen 2016, Cutrini 2019,
Li et al. 2018, Szakalné Kano—Lengyel 2021). The convergence club phenomenon is
characterised by ‘polarisation, persistent poverty and clustering’ (Galor 1996 p. 1056), i.e. clubs
and their formations can be described in clear spatial dimensions. At the subnational (regional)
dimension, this approach clearly shows the role of spatial spillovers and geographical proximity
(Bartkowska—Riedl 2012, Alexiadis 2013, Ayouba—Le Gallo 2020). In the context of economic
growth and spatial economic agglomeration, new economic geography (Krugman 1991) was
also clearly linked to convergence club theory. However, the existing majority of convergence
club delineations are incapable of accommodating individual heterogeneity that occurs in
economies in transition, allowing for a wide range of possible time paths. Phillips and Sul’s
(2007, 2009) log t-test method is innovative in identifying clubs with different steady-state
conditions but does not provide an answer to the question of club formation.

Although conditional convergence and club convergence appear to be competing hypotheses
(Galor 1996), they are actually complementary. Factors such as human capital, income
inequality, fertility, international capital flows and technological progress and diffusion, among
other considerations determine the income trajectories of individual regions as well as the
steady states of individual clubs (Alexiadis 2013).

The inclusion of the two hypotheses in one model is based on the Phillips—Sul (2007-2009) log
t-test, and this study explains club formulation using ordinal logistic regression. Bartkowska—
Riedl (2012) were the first to analyse the 206 NUTS2 regions of the EU15, Switzerland and
Norway using the coupled methodology for the period 1990-2002. PS clubs (6) indicate the
core—periphery relationship within the region, explained by initial conditions (labour, capital,
human capital, income) and structural characteristics (services, high-tech production). The
analysis over a longer time span (1980-2007) confirms the role of initial and structural factors
in club formation, which is also influenced by the significant presence of geographical factors
(latitude, capitals) (von Lyncker—Thoennessen 2016). Cutrini (2019) explained the new
millennium’s income club trajectories for the EU28 regions as a whole based on the presence

of manufacturing and knowledge-intensive services.



Local income inequalities, with particular reference to convergence clubs/club
convergence

Detecting inequalities at the lower level of territorial units (below NUTS3), which are in some
way related to convergence, has been addressed by several authors. The methods used for
convergence analysis are the same as those used at higher territorial levels (country, region)
(Barro—Sala-i-Martin 1995, Quah 1996, Le Gallo 2001, Le Gallo—Fingleton 2013, Monfort
2020).

Mastronardi—Cavallo (2020) examined income inequality within Italian municipalities using
the Gini index, highlighting its economic and spatial dynamics. Higher intra-municipal
inequalities are typical in dense urban spaces (with a high share of tertiary education and young
people). Aginta (2008) and Rattsg—Stokke (2010) described income inequalities in Norwegian
municipalities from the 1970s to the early 2000s using absolute and conditional convergence,
Markov chain, kernel density estimation and o-convergence methods. The results provide a
complex and diverse picture of income processes, demonstrating unconditional convergence as
well as the presence of convergence clubs. Using B-convergence and spatial autocorrelation
studies of local incomes in the Belgian province of Limburg, Peeters (2008) reveals cumulative
divergence of incomes and increasing spatial concentration of high-income municipalities from
1991 to 2000. Maulana—Aginta (2022) analysed the convergence of real wages in 34 Indonesian
provinces between 2008 and 2020 using the PS log t-test. The authors delineated three
convergence clubs, the formation of which was determined by manufacturing employment,
investment rate, labour force participation and initial wage level. Aginta et al. (2022) also used
the PS method to analyse the evolution of per capita gross regional domestic product in
Indonesia’s 517 districts between 2000 and 2017, revealing that five convergence clubs exhibit
independent steady-state status. Tipalayai—-Mendez (2022) demonstrated the emergence of
income convergence clubs in Thailand from 1995 to 2017. The results reveal three convergence
clubs with strong spatial dependence. Ayouba—Le Gallo (2020) investigated the spatial
distribution of per capita income at the local level in Western European countries. According
to spatial autocorrelation results, the income pattern is significantly characterised by spatial
heterogeneity between high own and high neighbour and low own and low neighbour areas.
Resende et al. (2016) conducted a conditional -convergence study at different spatial levels in
Brazil using spatial econometric regression methods. The results show significant conditional
convergence at lower levels (municipality, micro-region), with finer geographical scales

indicating the spatial limitations of spillovers in several cases.



Income inequality studies focused on Hungarian micro-regions have taken different approaches
depending on the interpretation of the concept of convergence. Examining the income
inequality decline in Hungary means a test of the Williamson hypothesis (Williamson 1965).
According to the o-convergence studies from the convergence literature (Kotosz 2016), the
initial moderate level of inequality in Hungary was followed by rapid differentiation and then
stagnation until the mid-1990s, and since the turn of the millennium a gradual decline in internal
inequality has occurred at all territorial levels (Dusek 2006, Németh—Kiss 2007, Pénzes 2019,
Egri 2020). Pénzes (2019) identified the inequality paths of Hungarian districts after the
millennium using regression equations fitted to Hoover indices (taxable income, municipal
economic power)? within districts. Concerning taxable income, the results show a dominance
of stagnation and convergence, while mosaicism is also a prominent phenomenon in the case
of municipal economic power. Dusek (2006) was very critical of the theory and practice of
territorial convergence in Hungary, based on the experience of 1988-2004. The conclusion of
his methodologically diverse paper (employing o-convergence, spatial autocorrelation, spatial
moving average and linear regression, among other techniques) is that convergence cannot be
understood without considering institutional, historical, demographic and other relevant factors,
and that the change in inequality over time is not unidirectional. Several analyses have shown
absolute -convergence at the local level after the regime change, in terms of economic activity
and other alternative indicators (Csite—Németh 2007, Balas et al. 2013). Czaller (2016)
presented the conditional B-convergence of gross value added at the sub-regional level for the
period from 1993 to 2012. The results indicated that the external return to scale and the free
flow of production factors contribute to rapid convergence.

In most cases, convergence clubs are identified in an implicit manner, wherein each level of the
settlement hierarchy can form independent and stable clubs, and territorial units with higher
aggregation (districts, sub-regions, counties, regions) can form convergence clubs (Dusek 20086,
Németh—Kiss 2007, Locsei 2010, Balas et al. 2013, Pénzes 2019). Dusek (2006) used the spatial
moving average method to define local income groups (i.e. convergence clubs) at municipal
levels (metropolitan agglomerations, outer and inner peripheries and other forms) that are based
on spatial similarity and concern the change of regime and the millennium period. Major (2007)
employed a Markov chain to model the movement and stability of sub-regional incomes in the

decade following the change, actually detecting Quah’s (1996) convergence clubs. Egri (2022)

2 Municipal economic power is a disaggregated indicator of GDP for lower territorial levels.
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identified convergence clubs in Hungary based on local spatial autocorrelation analyses,
demonstrating their mobility and persistence after the 2000s.

We contend that the international and Hungarian results indicate that the local level is suitable
for expressing or describing different convergence processes and can add value for assessing
the results at a higher spatial level. In addition, it is clear from previous research that forces
acting towards the formation of spatial income clubs are also present at lower territorial levels
in Hungary, shaping the spatial distribution of the phenomenon under study with different
amplitudes.

Therefore, the basic assumption of our study is that the appearance of spatial convergence clubs
is clearly a viable reason behind income inequality in Hungary. We hypothesise that the
emergence of convergence clubs can be explained by the main characteristics of the initial
period and the phenomenon of club convergence can also be interpreted at the local level.
Therefore, this study delineates local units with similar local income paths, in addition to
identifying the factors of influence. To the best of our knowledge, this is the first analysis to be
conducted at the local level in Hungary, and our study provides a novel approach for explaining

territorial convergence processes from this perspective.

Data and methods

Methods
This study’s analysis of income convergence in Hungary is conducted in three steps:

e we use kernel density estimation to describe income distribution,

e the Phillips—Sul (2007, 2009) method to identify convergence clubs and, finally,

e ordinal logistic regression to identify the factors that influence clubs’ formation.
Since geographical proximity can be assumed to have a role in convergence clubs’ formation
(Le Gallo 2001, Le Gallo-Dell’Erba 2005), we also calculate global and local Moran’s Index
(Moran’s 1).

Kernel density estimation

The kernel density approach to convergence can capture the evolution of income distribution
across districts over time. The analysis suggests that convergence occurs when the shape of the
cross-sectional distribution becomes unimodal in the function of time. In this non-parametric
framework, the appearance of multiple modes is usually associated with the existence of

convergence clubs (Quah, 1993, 1996), which is in contrast to general and single convergence.
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We estimate incomes using the Gaussian (or normal) kernel function based on the simplicity of

calculation and the automatic calculation of the optimal bandwidth (Leonida—Montolio 2001).

Log t-test

We then use a regression based on the convergence test to examine the behaviour of local
income in Hungary between 2001 and 2020. The panel variable of income (Xit) is as follows:
Xt = gir + a;, Where git is the systematic factor (which includes the permanent common

component) and ajt is the transitory component. To consider temporal transitional heterogeneity,

the equation can be modified as follows: X;, = (@ Mt) = by, Where by is the time
it

varying idiosyncratic element and g is a single common component. To test whether different
regions converge, the estimation of bi: has a key function, which is defined by the following
relative transition path:

Xit _ bit
_1yvN — N—1vN :
N 12i=1Xit N 12i=1bit

hy =

The relative transition path expresses relative individual behaviour and reveals the relative
deviations of the i-th region from the x4 common growth path. In the case of convergence, the
relative transition paths of hi; converge to 1, or the cross-sectional variance of hi: converges to

zero in the long run.
N
Ht=N‘1Z (hy —1)2>0ast > o
i=1

The cross-sectional variance of hit and Hit might decrease even if no overall convergence occurs
and only local convergence exists within certain subgroups. For this reason, the PS method

proposes to consider the following semi-parametric specification of coefficient bi:

where bj is constant (time invariant), & represents i.i.d. N(0,1) random variables across i, but is
weakly dependent over t, L(t) is a slowly varying increasing function (with L(t) = c ast — o)
and «a is the decay rate, or in this case, the convergence rate. The null hypothesis of convergence
can be written as Ho : bi = b and o > 0 versus the alternative Hi: bi # b for all i or a < 0.
Different transitional paths are possible under Ho, including temporary divergence.

Based on the results, Phillips and Sul (2007, 2009) recommended the log t convergence test,
which involves estimating the following ordinary least squares regression with a robust

covariance matrix:

log (%) —2logL(t) = a + Plogt + ug, fort = [rT),[rT] + 1,...,T,
t



where H, = N~ YN_.(h; — 1)%, Hi/H is the cross-sectional variance ratio, B represents the
speed of convergence for bit, —2logL (t) (where L(t) = log(t + 1)) is the role of a penalty function
and improves test performance particularly under the alternative, r assumes a positive value in
the interval (0, 1) to discard the first block of observation from the estimation and [rT] is the
integer part of rT. The PS method proposes using r = 0.3 for a low number of samples (T <50).
/5 equals 2a, where the value of a other than 0 is studied using a robust one-sided t-test for
heteroscedasticity and autocorrelation. The null hypothesis of convergence is rejected if t, <
—1.65 at 5% significance level. Moreover, the size of parameter S is also relevantas 0 <f <2
indicates relative convergence, implying convergence in growth rates, while g > 2 means
absolute convergence. If convergence for the entire sample is rejected, the testing procedure is
applied to convergence clubs, following the clustering mechanism (Phillips—Sul 2007, 2009).
e Step 1 (cross-section last observation ordering): order the districts according to the last
panel observation of the period.
e Step 2 (formation of the core group of k™ districts): the log t-test is run for the first k =
2 districts. If tc > —1.65, both districts form the core group (Gk). Following this, the log
t-test is run for Gk plus the next district. In case of tx (k = 3) > tk (k = 2), the district
belongs to Gk. This mechanism is conducted as long as tx (k) >t (k — 1) forall N > k>
2. Iftx (N — 1) >t (N — 1), the remaining panel converges. If the condition ty > —1.65
does not hold for the first two units, we drop the first unit and repeat the process. If tx >
—1.65 does not hold for any units chosen, the whole panel is divergent.
e Step 3 (filter the data for new club members): we add one remaining district at a time to
the core primary group with k members (Gk) and run the log t-test again. All districts
that have a tx higher than the critical value c are added to the core group. If tx > —1.65
is met for this group of districts, it is the first convergence club. If not, we raise the
critical value and repeat the procedure until tx > —1.65.
e Step 4 (recursion and stopping rule): we create a second group including all districts
we could not filter in step 3 and run the log t-test on this subgroup again. If tx > —1.65,
the remaining units form their own convergence club. If ty < —1.65, we repeat steps 1—
3 to find another convergence club for all remaining units. If no further club is found,
the remaining districts diverge.
Merging: Based on the previous results, as a final step we test whether individual clubs can be
merged into larger clubs. In the first step, we run the log t-test on the first and second clubs. If

the t-statistic is greater than —1.65, then the clubs are merged. We repeat the test after adding



the next club and continue until the t-statistic indicates that the convergence hypothesis is
rejected. The final convergence clubs are formed after all possible mergers are completed.
We employ the original Phillips—Sul (2007, 2009) methodology to detect convergence clubs in

our analyses.

Ordinal logistic regression

However, according to von Lyncker—Thoennessen (2016), the PS method is insufficient for
proving the existence of club convergence, proposing the two-step procedure of Bartkowska—
Riedl (2012). It is suggested that PS clustering be conducted as a first step, then the factors
leading to the formation of each cluster are identified using so-called ordinal logistic regression.
In this case, the dependent variable is ¢, which indicates the districts in a given convergence
club. Clubs can be ranked according to equilibrium income to obtain an ordinal-level outcome
variable. Based on the club convergence hypothesis, we assume that initial and structural
conditions matter in the evolution of steady-state income (Galor 1996, Azariadis—Stachurski
2005) to form convergence clubs. Therefore, the regression equation is as follows:

yi = XiBi + &,

where club membership is related to a latent variable (yi'), which represents an individual
region’s steady-state income, Xi means the initial explanatory factors, ¢ is the residual with
logistic distribution and i (1...175) refers to the number of regions. yi" and i estimation is based
on the maximum likelihood technique. We calculate the (marginal) effects of the estimated
probabilities to assess the weight of each explanatory variable in determining club membership.
Marginal effects estimate how a unit change in an explanatory variable changes the probability
that an average region belongs to a given club, while holding all other variables at the sample
average. Finally, we report Nagelkerke’s R-squared (R?) as the goodness-of-fit measure
(McKelvey—-Zavoina 1975).

Spatial analyses
To test the neighbourhood effect and spatial dependence, we use a global autocorrelation test
to reveal average patterns in the performance of the districts under study. We capture this
correlation using the global Moran’s I (Moran 1948).
_n Yi=12=1wij (i — (v —7)
So X1 —9)?
where n denotes the number of districts, y is the arithmetic mean of the indicator under study

and Sy = X7'-,X}-,w;;. The value of wjj is 1 if i and j are neighbouring regions, otherwise
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the value is 0. The expected value of Moran’s Iis —1/(N — 1). I values above —1/(N — 1) indicate
positive spatial autocorrelation, in which similar values, whether high or low, show spatial
clusters. | values below —1/(N — 1) indicate negative spatial autocorrelation, in which
neighbouring values differ.

We use a local test function of spatial autocorrelation to determine the spatial patterns, i.e. the
local Moran’s I statistic suggested by Anselin (1995). The local Moran’s statistic can be used
to detect cities that are similar to or differ from their neighbours. The local Moran’s | formula

Ii = ZiZWiij
j

where z;, t and z; are the standardised values of the observation units at time t. For the univariate

is as follows:

local Moran’s 1, zj, t and z; refer to the same database. wij; is the spatial weight matrix (Anselin
1995). The Moran scatter plot generated by the test classifies the settlements into four categories
according to their location in the four quadrants of the plot, including (1) High—high (HH): high
value locations where the neighbourhood also has a high value, (2) high—low (HL): high value
locations where the neighbourhood has a low value, (3) low—low (LL): low value locations
where the neighbourhood also has a low value and (4) low-high (LH): low value locations

where the neighbourhood has a high value.

Data and data sources

In the absence of official GDP estimates, a basic indicator for income inequality is the real
income per-taxpayer subject to personal income tax, with base year 2001. This indicator is
inherently limited (as is GDP), but it is suitable for expressing the economic potential of smaller
regions (Lengyel 2012, Rattsg 2008, Peeters 2008). However, notably, Barro—Sala-i-Martin
(1995) applied their pioneering findings for GDP per capita as well as personal income and
obtained similar results. The income data source is the National Spatial Development and
Planning Information System [1].

The detection of local (below NUTS3 level) inequalities has clearly gained importance in recent
times (Aginta 2008, Peeters 2008, Mastronardi—Cavallo 2020), leading to the publication of
various econometric and spatial econometric analyses. We employ the district territorial level
(former LAU1L)3, which is organised according to the district’s relationship between the city
and its (theoretical) catchment area.

3 LAU means Local Administrative Unit. The upper LAU level (LAU1, formerly NUTS4) has been defined for
most (but not all) EU countries.
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The time span of the analysis is between 2001 and 2020, which covers the country’s regime
change transition and accession to the EU as well as the 20072008 financial crisis, followed
by a major economic boom. Therefore, the panel database contains income data from 175
districts for the period 2001-2020 (T = 20), i.e. the study covers a total of 3,500 observations.
Referencing Galor (1996) and Bartkowski—Riedl (2012), the emergence of district convergence
clubs is attributed to the following initial and structural factors, which refer to the year 2001
(Appendix, Table A.1) Districts’ technological development and production structure is
expressed by the number of active enterprises per 10,000 inhabitants in high-tech and medium-—
high-tech manufacturing and knowledge-intensive services (HTKIS). The general fertility rate
is the number of live births per 1000 women aged 15-49. Based on Castello—Climent—
Doménech (2021), human capital is a modified complex indicator that includes infant mortality,
average number of school classes completed and life expectancy at birth (the indicators are
normalised and then averaged arithmetically). The reason for choosing this complete approach
is that human capital only considers qualifications and knowledge and does not consider all
other human capital characteristics (Mankiw et al. 1992). Income inequality within a district is
expressed by the Robin Hood index (Nemes Nagy 2009), which shows the disparities in the
distribution of taxpayers and taxpayers’ income within a district. The proxy indicator for
international capital flow is the corporate tax benefit per thousand inhabitants due to foreign
investment in a business enterprise (FDI). We express the initial income situation using the real
income per-taxpayer subject to personal income tax in 2001. This study captures location,
geographical proximity and spillover effects (Quah 1996, Egri 2022) using the average real
income per-taxpayer subject to personal income tax in neighbouring districts. A neighbourhood
is defined as a district with which a region shares a border (queen neighbourhood). The data
source is the National Spatial Development and Planning Information System [1] and the
Central Statistical Office [2].

The analyses are performed using the R ConvergenceClubs package (Sichera—Pizzuto 2019),
Stata 16.0 and GeoDa 1.20, and the map diagrams are prepared using ArcGIS.
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Results

Results of local convergence club analyses

For the few time points highlighted (2001, 2007, 2013, 2020), territorial income is primarily
characterised by bimodal distribution, i.e. the concentration (clubbing) of districts is evident at
certain income levels. (Figure 1). The first dominant mode is districts with incomes below the
mean (around 90% of the mean), while the second is districts with income above the mean (at
relative incomes of 1.15-1.20) throughout the period under study. In addition to these two stable
convergence clubs, smaller clusters below and above the relative income of 1.6 per taxpayer
emerged in the initial period (2001, 2007), i.e. more developed districts have diverged.
However, in the second half of the period under study (2013, 2020), these groups become

homogenised, and the size of the right tail decreases.

Figure 1
Kernel density functions for district income (2001, 2007, 2013, 2020)
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The kernel density estimation reveals stable conditions in Hungary between 2001 and 2020,

wherein income distribution is characterised by persistent formation of convergence clubs, with
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no significant or unidirectional overall convergence over the period under study (as indicated
by the deviation from the normal density at all points in time).

Based on the log t-test methodology for convergence clubs, we conclude that the 175 districts
do not converge to a common steady state in the period under study, as the t-value is well below
the threshold of —1.65 (t-value = —127.688) (Table 1). Accordingly, we can reject the
phenomenon of global convergence and assert that convergence clubs are present, which
confirms the results of the kernel density tests.

Table 1
Log t-test of convergence for Hungarian districts
Beta s Per-taxpayer income (1000 HUF)
Clubs (std. error) t-value 2001 2020
Hungary (_0%%27‘; —127.688 892.8 1,554.3

Note: The null hypothesis of convergence is rejected when the t-statistic is less than —1.65.

The 175 districts are primarily classified into seven clubs based on the Phillips—Sul algorithm,
with a t-value > —1.65 for all clubs (Appendix, Table A.2). The first two clubs are merged in
the merging step, and the resulting new club also has a t-value above —1.65 (Table 2). The first
two original clubs prior to merging have a beta coefficient with a positive sign, while the beta
coefficient of the new clubl becomes negative (—0.021) and cannot be considered statistically
significant. Phillips and Sul (2009) achieved the same results. Based on their (and our)
interpretation, this convergence club can also be considered independent, but it is also weaker
compared with the remaining clubs.

Overall, this indicates that an independent steady state exists for six clusters (i.e. multiple
equilibrium states across the country), with clearly differing growth and catch-up paths in the
areas under study. No non-converging (diverging) district clubs are evident in Hungary between
2001 and 2020. The first club includes 34 districts, 15 in the second, 47 in the third, 51 in the
fourth, 20 in the fifth and 8 in the sixth (Appendix, Table A.3).

Therefore, the results reveal a ‘multi- or six-speed’ Hungary with clear initial and final time
differentiation (Table 2). The majority of the beta values are between 0 and 2; therefore, the
results do not show absolute convergence within any club; only relative (conditional)
convergence (i.e. the convergence of growth rates can be observed between 2001 and 2020).
Therefore, it is reasonable to assume that convergence within clubs is not only determined by
the initial income position but also by other conditions (Borsi—Metiu 2015, Cutrini 2019).

The speed of convergence is the highest for clubs 5 and 6 (29.8 and 21.15%, respectively),

while the others exhibit much lower and less significant values.
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Table 2
Log t-test (final) results (2001-2020)

Clubs Number Beta t-value & Per-taxpayer income (1000 HUF)
of units (std. error) 2001 2020

—0.021

clubl 34 (0.073) 0.288 0.0105 1087.8 1854.0

club2 15 0.131 1.566 0.0655 881.5 1586.2
(0.084) ' ' ' '

club3 47 0.016 0.312 0.0080 797.0 1433.7
(0.052) ' ' ' '
0.020

club4 51 (0.039) 0.504 0.0100 694.5 1230.5
0.596

club5 20 (0.102) 5.821 0.2980 655.7 1110.6
0.423

club6 8 (0.064) 6.560 0.2115 602.7 966.1

Note: a is the speed of convergence based on taxpayer income expressed in real terms (base year 2001).

The panel data contain one outstanding, one high, two average and two lagging clubs, based on
income per taxpayer from 2001 to 2020 (Table 2, last two columns and Figure 2). Figure 2
illustrates the average relative transitions of the six convergence clubs based on income per
taxpayer. All six clubs show a clearly distinct transition path in terms of performance over the
entire period. The initial income levels differ significantly and seem to strongly influence the

values of per-taxpayer income paths in the period from 2001 to 2020.

Figure 2
Relative transition paths of individual clubs in Hungary (income per taxpayer, 2001-202
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Significant relative changes in the paths emerge, particularly from the period between 2007 and
2009 (the start of the financial crisis), with richer (above-average performer) districts becoming
richer and poorer (below-average performer) districts becoming even poorer and falling behind
during the period under study. It is noteworthy that the relative amplitude of the decline in the
least developed districts is more pronounced than the growth of the more developed districts.
For the last two clubs, the convergence process shows a strong lagging phenomenon, indicating
the poverty trap. Regional disparities tend to stabilise over time and persist after the economic
crisis.

Figure 3
Spatial distribution of income convergence clubs in Hungary (2001-2020)
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Further spatial results of the clustering process are presented in Figure 3, revealing a clear
spatial agglomeration of income clubs, regardless of higher administrative classifications (e.g.
counties). The influence of geographical proximity can be observed for all clubs. This is also
confirmed by the global Moran’s I values, which show major and significant spatial similarity
between 2001 and 2020 (ranging from 0.498 to 0.621, with p < 0.05). The spatial concentration
is particularly striking for the first club (north-western part of the country) and for the most
underdeveloped fifth and sixth club areas in the north-eastern and south-western peripheries.

This core—periphery relationship is also confirmed by the local spatial autocorrelation pattern
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of the income index for 2020, which reveals the neighbourhood similarities of the above-

mentioned clubs. The only high—low outlier region is the Debrecen district (Figure 4).

Local spatial autocorrelation pattern of income per taxpayer (2020)
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Figure 4

In addition to spatial distribution, the description of each convergence club is based on main

endogenous characteristics (qualifications, unemployment and population distribution) (Table

3).
Table 3
Main characteristics of the convergence clubs in Hungary (2001, 2020)
Clubs Qualified workforce Unemployment Population density Population
rate (%) rate (%) (persons/km?) (1000 inhabitants)
2003 2020 2001 2020 2001 2020 2001 2020
1 43.5 45.4 2.8 3.0 236.1 244.7 3755.8 3895.1
2 35.3 37.5 4.6 4.8 130.5 128.2 871.2 853.4
3 34.3 35.3 5.4 5.2 101.5 93.6 2819.5 2599.0
4 28.2 28.7 8.6 7.6 65.4 56.8 1901.0 1650.9
5 24.5 22.4 12.8 11.3 65.1 56.8 639.0 557.7
6 22.5 20.9 16.9 12.7 50.0 45.9 190.1 174.6
total 36.4 37.4 5.6 5.2 109.4 104.6 10176.6 9730.8

Note: Data on qualified labour are only available from 2003 onwards. Source [1], [2], calculated and compiled

by the authors.

In terms of outstanding income, the first core cluster primarily includes the capital, the north-

western county seats and their compact catchment areas (Székesfehérvar, Tatabanya, Gyor,
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Veszprém, Szombathely). This contiguous block is joined by the districts of Paks in western
Hungary and Hatvan and Kecskemét in the east. The cluster is characterised by the most
favourable endowments in all respects, and during the period under study, incomes have been
accompanied by an expansion of resources (particularly qualified workforce and population).
A significant concentration of population is located here, with two-fifths of the country’s
population (nearly four million inhabitants). The second club appears mainly as a hinterland or
territorial agglomeration of the above group, with the only exception being the Debrecen district
in east Hungary, which includes the country’s second largest city. The role of geographical
proximity in the club’s organisation is prominent and is likely to be a key factor in the fact that
this club was already ahead of the national average income per taxpayer by 2020. The club has
increased its advantage in the field of qualifications; however, its population is already in slight
decline. The third (middle-income) club is primarily made up of the districts of rural county
centres (Eger, Miskolc, Békéscsaba, Nyiregyhaza, Szolnok, Szeged, Szekszard, Pécs and
Zalaegerszeg) and their narrower and wider catchment areas. The secondary cities of this group
are heterogeneous and of decreasing size, some of them with an insular character and very little
spatial dynamism (e.g. Miskolc, Pécs and Nyiregyhaza). The fourth (also middle-income) club,
although in a sense spatially contiguous, can be described by socio-economic peripheral
characteristics, concentrating mainly in the south-western, south-eastern and eastern part of the
country. Its major metropolitan areas (Kaposvar and Salgétarjan) cannot generate significant
growth or break out of their geographical environments. These two middle-income groups
differ in terms of resources in line with income levels. Qualified workforce and unemployment
levels improved over the period under review, while population characteristics exhibit a
downwards trend. The last two (lagging) income clubs include contiguous external and internal
transport geography and socio-economic peripheries, with improving employment but
significant declines in the quantity and quality of human resources.

Figure 5 illustrates the relative transition paths of districts within their respective clubs,
providing an opportunity to detect o-convergence. The relative paths within all clubs between
2001 and 2020 have a predominantly funnel shape, indicating narrowing compared with the
initial period, with clear territorial levelling. For each of the local income convergence clubs,
the narrowing of gaps increased significantly in the period following the 2008 crisis. The visual

impressions are also confirmed by the coefficient of variation values for the analysis of o-
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convergence,* which indicate equalisation (c-convergence) within the groups. While o-

convergence can be observed in individual clubs, it is not evident in the entire region.

Figure 5
Relative transition paths of districts by convergence clubs (income per taxpayer, 2001-
2020)
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Note: In all cases, the y-axis reveals the districts’ relative transition paths, which appear in proportion to the average
income level. The thick black line indicates the national average.

Figure 6 illustrates the clubs’ evolution in a scatter plot of income per taxpayer (log) between
2001 and 2020. The distance between each point and the 45 degree line shows the average

growth rate of each district. The various clubs are vertically staggered according to initial

4 The CV values (%) for the beginning and end of the period examined and the (linear regression) beta coefficients
showing income inequality trends within the clubs are as follows (betas are in parentheses): Clubl: 15.8 —»11.6 (-
0.288); Club2: 14.0 — 9.6 (-0.310). Club3: 13.2 — 8.4 (-0.293); Club4: 11.7 — 6.7 (-0.281); Club5: 9.6 — 3.6 (-
0.286); Club6: 5.8 — 3.9 (-0.213). In the case of Hungary as a whole: 18.32 — 18.00 (0.048).
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income levels. The findings confirm the club convergence hypothesis, indicating that income
paths and different steady-state conditions are actually shaped in alignment with the initial
conditions. It is also clear that districts in higher income clubs experienced higher growth over
the period under study. In addition, the figure shows that relatively lower income districts in
each club had higher growth over the period under study. Therefore, the graphs expose the
extremely complex features of local convergence in Hungary, revealing the phenomenon of

catching up within each club and the significant differences between clubs.

Figure 6
Scatter plot of income convergence clubs (2001-2020)
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Finally, Figure 6 presents a similar illustration of the intra-club income equalisation trends seen
in Figure 5, with income differences in all clubs being higher in 2001 than in 2020. (For
example, the log income per taxpayer in club 4 varies from 5.70 to 5.96 in 2001 but narrows to
a range of 6.03-6.15 in 2020.)

Club formation results

While the results thus far indicate significant differences in income clubs, the club convergence
hypothesis is not fully demonstrated, and a proper description of the club-forming effects of
initial and structural factors is required. We use the solution proposed by Bartkowska—Ried|

20



(2012) and von Lyncker—Thoennessen (2016) with the help of ordinal logistic regression.
Although Galor (1996) identified the phenomenon of club convergence in the presence of
traditional production factors (investment and labour), we omit these variables due to the close
relationship with additional explanatory (initial and structural) variables and endogeneity (Cho
1996, Czaller 1996, lammarino et al. 2020). (This is also referred to in Table 3.)

In Appendix, Table A.4 , we describe the average values of the assumed main club-forming
factors according to the convergence clubs created based on the PS algorithm. The preliminary
results indicate that the main characteristics of Galor (1996) seem to be significant club-forming
factors, and a linear relationship is predominantly drawn based on club averages. (Higher
income level indicates more favourable resource supply.) The strongest fault line is typical for
the proxy of international capital flow (FDI) as the level in the first group is almost twice that
of the second and third clubs, while it is a fraction of the income-prominent group in clubs 4—
6. (In the case of club 6, which is affected by the poverty trap, no corporate tax benefit was
available for FDI in the initial period.) In all cases, the Kruskal-Wallis test run on the basic data
reveals significant differences between the individual convergence clubs, at a significance level
of at least 0.002. n2 values expressing the degree of significant separation belong to the large
effect category in 90% of the cases, while in the case of the infant mortality rate variable the
effect is intermediate. The most significant separation is evident for initial income, followed by
knowledge level, the human capital index, neighbourhood income, fertility rate, life expectancy
and the proxy of technological development

Since the preliminary results only indicate the average differences per club, and cannot point to
marginal mechanisms, ordinal logistic regression is necessary.

The final ordinal logistic regression model in Table 4 shows an appropriately good fit in
diagnostic terms (pseudo R? = 0.760), and most of the explanatory variables are significant and
suggest an effect that aligns with previous research in the case of each income club.

The results demonstrate that club formation is primarily determined by such factors as complex
human capital (health and qualifications), initial income level and income in neighbouring
districts. Unit increments in all of these factors maintain the stability of more advanced clubs
(1-3), while increasing the probability of leaving more income-deprived clubs (4-6).
Accordingly, a unit growth in human capital increases the probability of remaining in the
highest income club by 17.6%, while it increases the probability of leaving club 4 by 139.2%.
Also, a unit growth in income increases the probability of staying in club 3 by 76.6%. A unit
growth in the economic activity (income) of neighbouring areas (spillover effects) reduces the

probability of staying in club 4 (i.e. increases the probability of catching up) by 38.7%.
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Furthermore, the proxy indicators of technological development and economic structure (firms
operating in high-tech and medium-HTKIS) explain club positions with lower probability but
higher significance. Similar to the previous factors, unit growth increases the probability of
staying for relatively more advanced clubs and the probability of leaving for more income-
deprived groups. Fertility and intra-district income inequality function very similarly in terms
of club formation, wherein their growth increases the probability of dropping out of advanced
clubs and supports the poverty trap status of the less advanced clubs. (Fertility is a highly
significant determinant.) The presence of FDI only marginally contributes to the formation of
income clubs (the signs are the same as the club-by-club evolution of technological progress),
with an insignificant effect in most clubs. We can assume that the characteristic distribution
(and concentration) of FDI was already established in the initial period, and the spread of FDI

is more typical of middle-income clubs.

Table 4. Determinants of club membership (ordered logistic regression results)
Marginal effects on probabilities

1 2 3 4 5 6
0.126** | 0.196%* | 0.766™** | —0.999*** | —0.082** | —0.006.
(0.054) (0.085) (0.296) (0.355) (0.039) | (0.004)
0.049%** | 0.076%** | 0.297*** | —0.387*** | —0.032*** | —0.002.
(0.016) (0.026) (0.070) (0.075) (0.012) | (0.001)
0.176%** | 0.272%*%* | 1.066™** | —1.392%** | —0.115** | —0.008.
(0.069) (0.105) (0.342) (0.399) (0.049) | (0.005)
—0.009%** | —0.015%** | —0.057*** | 0.075*** | 0.006*** | 0.000*
(0.003) (0.005) (0.015) (0.016) (0.002) | (0.000)
~0.020 | -0.031* | -0.123* | 0.161* 0.013. | 0.001
(0.012) (0.019) (0.068) (0.085) (0.008) | (0.001)
0.030** | 0.047** | 0.184** | —0.240** | —0.020** | —0.001.
(0.014) (0.022) (0.079) (0.097) (0.010) | (0.001)

Initial income per taxpayer

Initial income per taxpayer (w)

Human capital

Fertility rate

Income inequality

High-tech enterprises

EDI 0.002 0.003 0.013* -0.017* —-0.001 —-0.000
(0.001) (0.002) (0.008) (0.010) (0.001) (0.000)

Threshold values -58.822 -57.783 —-55.049 -51.451 —-48.731 -

Number of districts 33 15 47 51 20 8

Note: *** p < 0.01, ** p < 0.05, * p < 0.10, . p < 0,15. Pseudo R? (Nagelkerke) is 0.760. The parallel regression
assumption is not violated. Standard errors are in parentheses.

The marginal effects were not verified at the traditional (1%, 5% and 10%) significance levels
for club 6 (only in the case of fertility) because of the low number of elements in this club.
(Bartkowska—Riedl [2012] proposed merging the last two clubs to reach the appropriate number

of elements by clubs as a solution to this.)®

> We also conducted ordinal logistic regression analysis according to this version, revealing that a significant
difference is only evident in the case of the new, combined club (5+6), wherein the significance levels of the
marginal probabilities improve.
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The results also indicate that middle-income clubs (3 and 4) have the highest marginal effects,
whereby these clubs offer the possibility for efficient interventions during development efforts.
This result is obvious from a methodological (mathematical) perspective, and it is also
supported by the specificity of these clubs containing potential secondary centres (county
capitals) outside the core regions. Strengthening the growth stimulating effects of these areas
would be justified to catch up peripheral regions; however, this speculation is beyond the focus
of this study.

In summary, the analyses indicate that initial conditions are relevant factors in explaining local
convergence clubs and club membership is predominantly determined by human capital and

income.

Discussion

The various and complementary analyses clearly demonstrate the marked presence of local-
level territorial income convergence clubs and club convergence in Hungary. The findings
unambiguously confirm that no universal income convergence towards a single equilibrium
state is evident. Rather, districts’ convergence club formation, which Quah (1996) showed to
be a pattern that is typical of countries around the world, leads to polarising income inequalities
and subsequent spatially differentiated equilibrium states in the country.

The local approach to examine Hungary’s income growth reveals the prominent role of
geographical factors in explaining the spatial context of the convergence phenomenon. The
income convergence clubs exhibit a clear spatial pattern, including traditional dimensions of
territorial inequality such as the core—periphery dichotomy and strong differentiation along the
urban—rural divide and between the north-western region together with the Budapest
agglomeration and the rest of the country. Factors such as regionalisation and spatial proximity
also strongly influence the locations of geographical income inequality clubs, a phenomenon
that is consistent with the results at higher territorial levels (Le Gallo 2001). For example, based
on the new economic geography (Krugman 1991), the spatial arrangement of district
convergence clubs 1 and 2 suggests the presence of centripetal forces. Moreover, path
dependence is also apparent in clubs’ spatial organisation, which is particularly noteworthy in
the case of Hungary’s developed north-western region that belongs to the gravity zone of
Vienna (Gy6ri 2006) and in the case of the north-eastern and south-western peripheries (Gy6ri—
Mikle 2017, Pénzes 2020). Furthermore, the individual clubs are clearly distinguishable in
terms of endogenous resources, which aligns with previous main regional-level results

(Fagerberg—Verspagen 1996, Szakalné Kano—Lengyel 2021).
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In the case of Hungary’s micro-regional income convergence clubs, spatial development traps
are clearly evident, echoing international results (Diemer et al. 2022, lammarino et al. 2020),
for the poorest districts (poverty trap, Azariadis—Stachurski 2005) and middle-income districts.
Low- and middle-income clubs constitute the core area of the low-income convergence club in
Hungary, which is also evident at the EU’s higher territorial agglomeration level (NUTS2),
with regions that have a GDP per capita on a purchasing power parity basis that is less than half
of the EU average (EC 2017). Additional investigations are needed to justify high-income
groups’ possible development trap situation.

The income movement of geographical convergence clubs align with the circular cumulative
causation concept of Myrdal (1957), wherein richer (above-average performing) districts
became richer and poorer (below-average performing) districts became even poorer during the
period under study. These trends are particularly notable during the economic crisis after 2008
and in the subsequent period. Also, in line with the findings of Gunnar Myrdal (1957) for
developing countries that the amplitude of the relative decline is more pronounced than the
growth of more developed countries. The long-term impact of widening spatial disparities is a
typical feature and (may) lead to persistent spatial trap scenarios in the future. Considering our
results, it can be asserted that the theory of circular cumulative causation (Myrdal 1957) is
clearly related to the emergence of convergence clubs. The results also show that convergence
clubs’ economic and non-economic factors reinforce one another (as shown in Tables 3 and 4).
Club convergence at subnational territorial levels (NUTS2 regions) is well known and has been
presented in detail (Szakalné Kan6—Lengyel 2021, Maulana—Aginta 2022, Aginta et al. 2022),
and this phenomenon is also confirmed by our analyses at the local level. The phenomenon of
club convergence can also be interpreted as a function of initial factors and structural
characteristics in the case of Hungary, confirming the theories of Galor (1996) and Bartkowska—
Riedl (2012).

Club convergence is significantly shaped by human capital, initial income and neighbourhood
effects, and these findings align with those of von Lyncker—Thoennessen (2016) and
Bartkowska—Riedl (2012) regarding EU NUTS2 regions. A complex approach to human capital
highlights the significance of qualifications and health status, which was previously somewhat
ignored (Mankiw et al. 1992). Improvement of these variables indicates a substantial reserve in
the Central and Eastern European region, including Hungary (Egri 2017). Concerning club
formation, the spatial spillover effects indicate a complex impact, including the presence of
traditional socio-economic interactions (knowledge and information technology spillovers,

trade, capital and labour flow, economies of scale and transfer payments, among others;
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Rodriguez-Pose—Tselios 2015). In addition to income, the factors affecting convergence,
including various labour market characteristics, the population’s qualifications and health status
and the spatiality of economic operations and activity (regionalisation based on spatial
autocorrelation) are all verified local phenomena in Hungary (Alpek—Tésits 2019, Hajda—
Koncz 2022, Pénzes et al. 2018, Egri-Kdészegi 2016, Szakalné Kand 2017, Jeneiné Ger6 et al.
2021, Kincses—T6th 2019).

The indicator of income inequality is partially indicative of the correlations according to the
Kuznets curve (Kuznets 1955). For the more income-deprived clubs (4-6), increased internal
inequality contributes to the dropping out of the categories (i.e. in Kuznets models, an increase
in inequality is necessary in the first stage of economic development). As to the more advanced
clubs, any further increase in inequality threatens continued membership and increases the
chances of dropping out. This demonstrates the economic transformation context that was still
present at the beginning of the new millennium and was confirmed by Vida (2022) for the post-
2010 period.

The presence of high-tech enterprises, which reflects economies’ technological development
and structural differences, is a significant (but weak) factor in the emergence of convergence
clubs that is attributable to a complex phenomenon. This is indicative of a weak territorial
innovation system (Lengyel 2012), weak institutional capacities and poor innovation
capabilities of companies in Hungary (Rodriguez-Pose—Wilkie 2017, Karbowski 2017).

The less significant correlations for FDI can also be attributed to several factors. First, we use
a proxy variable that is suitable for expressing FDI inflow. Véllmecke et al. (2014) noted that
FDI-led growth in Central and Eastern European regions only occurs under the condition of
technological accumulation linked to human capital. Second, the impact of FDI on growth is
generally prevalent in the short run and during boom periods, while it has not been shown in
recessionary periods (Gal-Lux 2014). The period under study includes both boom and
recessionary periods.

The role of fertility is consistent with previous findings (Galor 1996, Azariadis—Stachurski
2005), and can be considered a significant determinant of the poverty trap in Hungary as well.
The demographic transition after the regime change fundamentally altered fertility patterns
(Ori-Spéder 2020, Toth et al. 2024), which exhibit a clear inverse correlation with the
conditions of development in the period under study (KSH 2012).
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Summary

This study identified income inequality at local level in Hungary; a country affected by socio-
economic transformation in Central and Eastern Europe, which has been accompanied by an
increase in spatial disparities and their spatial implications, whose detection and improvement
is justified for academic and policy considerations. Accordingly, our study examines the
differences in income inequality in Hungarian districts after the millennium, with a special
focus on convergence clubs. The results can be summarised as follows.

Based on the log t convergence test of Phillips—Sul (2007, 2009), the income per taxpayer for
the 175 Hungarian districts (2001-2020) does not exhibit a common steady-state condition.
Therefore, global convergence is not typical of Hungarian districts. In contrast, Hungary is
shown to be multi-speed, including six income convergence clubs over the period under study.
Significant differences are observed between the income clubs. Although these clubs do not
converge, o-convergence within clubs is also typical. Clubs’ movement (catch up or lag behind)
is subject to internal and external conditions and cannot be considered automatic phenomena.
Furthermore, the spatial distribution of convergence clubs clearly reflects the specificities of
Hungary’s income spatial structure. In addition, income gaps appear to be persistent over the
period under study and are likely to continue to persist in the long run. Evidence of the poverty
trap is particularly striking in some Hungarian districts, demonstrating a steady and rapid lag.
From a territorial policy perspective, it is particularly crucial to halt the lag of these areas.
Human capital, initial income and neighbours’ income are the primary determinants of club
formation, while technological development, fertility, income inequality and FDI also influence
districts” club membership. These correlations confirm the validity of the club convergence
hypothesis for Hungarian districts.

Moreover, the results emphasise the need for spatially differentiated regional development
policies to strategically address regional income inequality. In particular, income traps affect
low- and middle-income districts but it may also affect high-income districts (Diemer et al.
2022). According to our explanatory model, the circumstances of middle-income clubs,
including second-tier cities, is particularly notable as spatial economic policy interventions
could lead to major changes in existing positions. lammarino and co-authors (2020) proposed
a ‘place-sensitive’ set of development policy instruments to address territorial disparities in the
case of income-based but structurally different spatial development clubs, tailoring public and
other (supranational) interventions to the needs of each club. To approximate territorial
convergence, we propose applying this toolkit to domestic district categories as well, based

essentially on endogenous characteristics.
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The delimitation of the convergence clubs is based on the real income per-taxpayer subject to
personal income tax indicator, which can be considered limited and does not fully express the
economic activity at the district level.

Although it seems to be a suitable proxy variable to replace, for example, gross domestic
product or gross value added, an official estimate regarding such indicators would be justified.
The replacement of all these indicators is justified in relation to future research on the

convergence of indicators expressing economic activity.
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Appendix

Table A.1
The main characteristics of the applied database
Mean Standard | Minimum | Maximum | Observations
deviation
Active enterprises per 10000 inhabitants
in hlgh-tech and medlum-hlgh-tech _ 553 312 0.00 17.91 175
manufacturing and knowledge-intensive
services
General fertility rate 20.08 3.48 13.56 33.75 175
Infant mortality rate (%o) 8.70 3.87 0.00 23.90 175
Average school classes completed (yrs) 9.10 0.58 7.94 10.95 175
Life expectancy at birth (yrs) 71.61 1.28 68.64 74.31 175
Human capital index 0.52 0.15 0.13 0.88 175
Robin Hood index (%) 27.49 11.98 5.52 67.43 175
Corporate tax benefit per 1000
inhabitants due to foreign participation 8.89 29.637 0.00 226.49 175
in a business enterprise (1000 HUF)
Real income per-taxpayer subject to
personal income tax (1000 HUF) 961.881 233.006 501.734 2174.292 3.500
Taxable income in neighbouring
districts per taxpayer (1000 HUF) 736.430 122.451 560.221 1101.554 175
Note: Source [1], [2],calculated and compiled by the authors.
Table A.2

Convergence Clubs before merging step (PS method)

Clubs Number of units Beta Std. error t-value
club 1 7 0.157 0.088 1.776
club 2 27 0.108 0.081 1.327
club 3 15 0.131 0.084 1.566
club 4 47 0.016 0.052 0.312
club 5 51 0.020 0.039 0.504
club 6 20 0.596 0.102 5.821
club 7 8 0.423 0.064 6.560
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Table A.3

Members of clubs (final classification of districts)

Clubs

members

club 1

Budakeszi, Dunakeszi, Gy0ri, Paksi, Gardonyi, Téti, Pannonhalmi, Budapest, Pilis
vordsvari, Erdi, Godollsi, Székesfehérvari, Tatai, Szigetszentmikldsi, Mori, Orosz
lanyi, Vecsési, Komaromi, Tatabanyai, Veszprémi, Szombathelyi, Bicskei, Eszter
gomi, Hatvani, Kecskeméti, Kisbéri, Balatonalmadi, Sarvari, Csornai, Zirci, Papai
, Celldomolki, Vasvari, Tiszakécskei

club 2

Szentendrei, Vaci, Dunatijvarosi, Debreceni, Gyongyosi, Martonvasari, Gyali, Var
palotai, Jaszberényi, Ajkai, Balatonfiiredi, Nagykordsi, Kiskunfélegyhazi, Sarboga
rdi, Enyingi

club 3

Tiszaajvarosi, Szobi, Szolnoki, Szegedi, Pécsi, Egri, Monori, Szekszardi, Miskolc
1, Aszodi, Zalaegerszegi, Kormendi, Tolnai, Rétsagi, Dabasi, Nyiregyhazi, Békésc
sabai, Balassagyarmati, Ceglédi, Rackevei, Mosonmagyarovari, Mezékovesdi, K6
szegi, Gyulai, Nagykatai, Si6foki, Hédmezovasarhelyi, Tapolcai, Bolyi, Szentesi,
Hajduszoboszl6i, Pasztoi, Lenti, Dombovari, Makoi, Oroshézi, Kapuvari, Devecse
ri, Kunszentmiklési, Csongradi, Szarvasi, Bonyhadi, Mohacsi, Torokszentmiklosi,
Stimegi, Kunszentmartoni, Kiskdrdsi

club 4

Szentgotthardi, Kazincbarcikai, Kaposvari, Nagykanizsai, Satoraljaujhelyi, Kisku
nhalasi, Soproni, Sarospataki, Salgétarjani, Batonyterenyei, Pécsvaradi, Bajai, Let
enyei, Kisvardai, Keszthelyi, Mezotuari, Flizesabonyi, Bélapatfalvai, Jaszapati, Pét
ervasarai, Kalocsai, Zalaszentgréti, Karcagi, Hajdunanasi, Komlo6i, Nagyatadi, Ma
rcali, Kiskunmajsai, Szeghalmi, Tabi, Szentlérinci, Békési, Tokaji, Hajdubdszorm
ényi, Fonyodi, Szerencsi, Plispokladanyi, Tamasi, Hajduhadhéazi, Gyomaendrddi,
Siklosi, Csurgoi, Szécsényi, Morahalmi, Hegyhati, Balmazjvarosi, Janoshalmi, D
erecskei, Mezbékovacshazai, Bacsalmasi, Kisteleki

club 5

Zahonyi, Tiszavasvari, Tiszafiliredi, Matészalkai, Berettyoujfalui, Nyirbatori, Heve
si, Barcsi, Ozdi, Szikszo1, Putnoki, Szigetvari, Nyiradonyi, Edelényi, Nagykalloi,
Mezdcesati, Kemecsei, Ibranyi, Sarkadi, Baktaloranthazai

club 6

Vasarosnaményi, Encsi, Sellyei, Csengeri, Fehérgyarmati, Gonci, Kunhegyesi, Ci
gandi
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Table A4

Average values of club-forming factors and Kruskal-Wallis test results (2001)

KW
Club1 | Club2 | Club3 | Club4 | Club5 | Club6 | =

(2
Real income per-taxpayer 88.93
subject to personal income 897.927 | 837.037 | 756.799 | 670.086 | 652.072 | 603.198 © '50)
tax (1000 HUF) '
Taxable income in 73.13
neighbouring districts per 850.032 | 795.125 | 752.542 | 650.896 | 625.228 | 600.850 © '40)
taxpayer (1000 HUF) '
Human capital index 063 | 060 | 056 | 048 | 034 | 024 (705;1522)
Life expectancy at birth (yrs) 72.52 72.00 71.99 71.38 70.29 69.64 ?0355‘;
Infant mortality rate (%o) 7.96 7.12 8.33 8.42 10.76 13.71 (109'0299)
Average school classes 85.81
completed (yrs) 9.57 9.44 9.28 8.91 8.46 8.29 (0.48)
General fertility rate 1828 | 1879 | 1853 | 2017 | 2441 | 27.75 ?04'3251)
Robin Hood index (%) 32.26 34.07 28.28 24.40 22.12 23.30 (209'1059)
Active enterprises per 10000
inhabitants in high-tech and 60.15
medium-high-tech 7.59 6.65 6.50 4.49 2.87 2.15 © '33)
manufacturing and '
knowledge-intensive services
Corporate tax benefit per
1000 inhabitants due to 4821
foreign participation in a 21.017 10.105 12.759 1.155 1.580 0.000 © .26)
business enterprise (1000 '
HUF)
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