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Abstrakt
Príjmové rozdiely medzi regiónmi odrážajú priestorový vzor heterogenity pracovného trhu, ktorý sa  
vytvára  pôsobením  vzájomnej  konkurencie  a  regulácie  v  záujme  ich  zámerného  znižovania.  Na  
opačných póloch z hľadiska hladiny  sú prosperujúce metropolitné a zaostávajúce periférne územia,  
so špecifickou konfiguráciou určenou faktormi  regionálneho rozvoja v minulosti. Spektrum príjmovej  
diferenciácie v regiónoch je formované mechanizmom spôsobujúcim aj diferenciáciu nezamestnanosti,  
konkurenciou na  pracovných trhoch,  ktoré  sú  prepojené rozličnými  formami interakcie.  V záujme  
vysvetlenia  mechanizmu,  ktorým  sa  regionálna  štruktúra  vyvíja,  alebo  ktorým  jej  vývoj  možno  
ovplyvniť, sa do pozornosti javí výhodné položiť otázku  β-konvergencie. Záporný efekt počiatočnej  
úrovne na rast však neznamená vývoj smerujúci k zníženiu regionálnych rozdielov. Otázku existencie  
tohto vzťahu preskúmame priestorovým Durbinovým modelom doplneným individuálnymi efektmi v  
priestore  a  v  čase.  Zistenia  modelu  sa  pokúsime  interpretovať  v  kontexte  vyjadrenom  maticou  
medzikvantilových  prechodových  pravdepodobností.  Tieto  otázky  budeme  sledovať  na  regionálnej  
distribúcii príjmov a nezamestnanosti v Českej republike, Slovenskej republike a v Poľsku v priebehu  
desaťročia po roku 2000.

Kľúčové slová:  regionálna konvergencia, priestorový Durbinov model, Stredná Európa.

JEL klasifikácia: C21 ˑ O18 ˑ  R11.

Abstract
Income differences between regions reflect spatial patterns developed on labor market. Variation is  
arising in consequence of competition and regulations intended to suppress them. Opposing poles in  
the  regional  income distribution are populted by the high-performing metropolitan areas and the  
lagging peripheral areas. The specific geographical configuration is given by a number of regional  
development factors in the past. Income distribution among regions is resulting from a mechanism  
responsible for unemployment differentiation as another variable. Competing regional labor markets  
are  interconnected  by  various  forms  of  interaction.  In  the  name  of  understanding  the  regional  
evolution mechanism, or mechanisms by which it is potentially influenced,  it seems useful to follow  
the research around  β-convergence. But  a significant  negative effect between the initial level  and  
growth  is  not  necessarily  linked  with  a  simultaneous  compression  of  regional  disparities.   This  
relationship  will  be  searched by the spatial  Durbin  model  including individual  region  and time  
specific fixed effects.  Result  from this model will  be placed in the context offered by interquantile  
transition probabilities from data capturing regional income and unemployment distributions in the  
Czech Republic, the Slovak Republic and Poland during the decade after 2000.
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1. INTRODUCTION



 
Unevenness in economic performance among regions is a universally existing phenomenon. Across 

different historical periods, various political and economic regimes, uneven income patterns have been 

identified as not only worth research efforts, but also direct intervention of regulation. From global to  

local  histories interpretations consider wealth unevenness for at least  a hidden source of tensions,  

potentially driving societies over the edge of political discontinuity. 

The  ability to  remove,  or  at  least  to  change  uneven  development  patterns  to  some  more 

acceptable  version  became  a  signature  for  several  idea  clusters  evolving  across  social  sciences. 

Review  of  Ray  and  Janikas  (2005)  outlines  research  agenda  identifying  opportunities  for  the 

incorporation of space in the regional  income analysis:  "What is  the role of space in the internal  

income dynamics of different  continental,  national  and regional  systems? What is  the relationship 

between  convergence,  inequality  and  spatial  autocorrelation?  Do  spatial  spillovers  fuel  economic 

growth,  convergent  or  divergent  growth?" The New economic  geography is  a  theory which "has 

rivaled  neoclassical  growth  as  a  way  of  explaining  spatial  variation  in  economic  development. 

Increasing returns to scale are fundamental to a proper understanding of spatial disparities in economic 

development" according to Fingleton and Fischer (2010).

It  appears  safe  to  assume  that  economic  performance  inequalities  have  to  a  large  extent  

something to do with general human interaction patterns. The mass of people migrating from rural  

communities in exploding cities around the world witness that while it is not any easier to improve the 

individual wealth in direct competition with thousands of others, it is probably absolutely impossible 

in lack of this competition. 

Talking about development unevenness in the Central Europe has a very different scale from 

that  of,  for  example,  recent  East  Asian urbanization.  But approaching the economic core in these 

different situations, is it really unique? This doubt behind the horizon of known regularities in human 

society organization keeps attracting attention for a long time. The idea of extracting the economic 

development unevenness explanation is a research challenge hard to resist.

This paper will be dedicated to uneven economic development seen from the viewpoint of two 

perspectives. The first will apply the newly implemented spatial panel econometrics by Elhorst (2010) 

to common conditional convergence equation. Our suspicion, based on Quah (1996) that controlling 

for heterogeneous constant both in cross-sectional and temporal dimension will remove the evidence 

of  constant  convergence  speed,  fulfills  on  following  pages.  Details  to  proposed  β-convergence 

hypothesis testing will  be given in the part  2.  Since the parameters estimated for a representative  

economy don`t offer full information on convergence question we proceed to second perspective. In  

the part 3 we will approach the regional distribution instead of former search for the parameters of a  

representative region. These should add a context much more closely describing nuances of the given 



 
problem, despite lack of clarity and contribution to explanation in presented descriptive stage. Do the  

worse performing regional economies, and inhabitants populating these economies, have any chance  

of improvement in a contrast to their better performing counterparts? Does the relationship between 

where  in  the  distribution  some  region  starts  and  where  it  ends  after  some time of  market  based 

development hold stable, if there any such relationship exists at all? Hopefully, this paper will allow to  

make it a little bit clearer for the three Central European economies in part 4, the Czech Republic, the  

Slovak Republic and Poland, having their regional systems described during the last decade.

Placing our debate in the context  of a theoretically assumed equilibrium renewal on labor 

market, we will search support for the market competition mechanisms, indirectly pushing regions  

portrayed in both of these measures towards instead of from each other. This equilibrating forces,  

however, might well be not operating at the global scale of nation. They might have spatially bounded 

importance, creating heterogeneities within their distributions.

2. CONDITIONAL CONVERGENCE IN SPATIAL ECONOMETRIC PERSPECTIVE

From the neoclassical viewpoint "a regional economy starting from a low level of capital and low 

income,  accumulates  capital  and  runs  through a  growth  process,  where  growth  rates  are  initially 

higher, then decline, and finally approach zero when the steady state per effective labor income is  

reached" (Fingleton and Fischer, 2010). Central assumption to this model is "the positive marginal 

product of capital declining with rising capital". The new economic geography offers a different view 

on a regional differentiation "driven by the interaction between scale economies and transport costs" 

(Krugman and Venables, 1995). "Small changes in the parameters of the economy may have large 

effects on its qualitative behavior. That is, when some index that takes into account transportation

costs,  economies of scale, and the share of nonagricultural goods in expenditure crosses a critical  

threshold, population will start to concentrate and regions to diverge; once started, this process will 

feed on itself" (Krugman, 1991).

The convergence area in economic literature is developed around these questions, suggesting a 

significant relationship between the level of performance from which an economy evolves, and the  

speed of growth. According to Sala-i-Martin (1996), "the speeds at which the regions of different  

countries converge over different time periods are surprisingly similar: about two percent per year". In 

case that it is negative, the regional system is converging since the poorer regions grow faster than the 

richer. After certain time they should catch them in terms of their economic development levels. In 

opposite case the regional system diverges, not giving much perspectives for those on the lower side of 

the wealth distribution. But in contradiction to this seemingly clear distinction, β-convergence is not 

necessarily related with diminishing regional disparities.



 
Typically constructed empirical  model  places  the  log value of  two time-separated income 

levels divided on the left side of the equation. This measure of growth speed is then assumed to be 

dependent on the log of initial income level. Since we always have to deal with statistical observations  

aggregated artificially (using administrative or statistical boundaries) from a spatiotemporal continuum 

(Arbia,  2001),  we  have  to  take  care  for  a  high  probability  that  this  relationship  will  not  hold  

homogeneously across the area of interest. This is known as spatial heterogeneity. The observations 

are also can`t be independent from each other because of the spatial autocorrelation related to borders  

not corresponding with economic interaction flows and dissimilarities in many relevant conditions, 

including environmental, increasing with distance between regions. The issue of spatial effects gets 

even more complicated in combination, like specifically in our case, with crucial part of information  

coded in time dimension.

To expect much from a linear model, where all regions grow in the same proportion to their 

initial  level  towards  a  single  equilibrium  indicated  by  a  single  constant  value,  is  not  realistic,  

complicated by varying conditions for how the regional economies evolve within distribution. It seems 

to be appropriate leaving model parameters to fluctuate across space and time. Spatial differences can 

be expected from the reason of clustered patterns of economic activity, effects of various externalities, 

path dependence, and environmental qualities, rarely displaying signs of homogeneity. The reason for 

temporal  fluctuation  in  parameters  is  in  business  cycle  and random external  shocks.  Growth and 

decline phases and cycles of different scale might be significantly changing the nature of how any 

regional system evolves.

Allowing spatial  and temporal  heterogeneity is  possible  in  panel  econometrics  models.  In  

particular, in spatial panel models it is possible to control for heterogeneities in cross-sectional and 

temporal dimension in the same time as one-way or two-way fixed effects taking the form of random 

effects if the set  of  these variables can be without  any damage to the model replaced by random 

variable. Comparing these with the OLS estimation of parameters tells us, whether our assumption of  

heterogeneous behavior in the regional system evolution has statistical support. Knowing the speed of  

convergence, if we empirically find both-way fixed effects significantly changing our results, means 

that  we  know  how  fast  is  a  representative  region  approaching  its  specific  flowing  equilibrium, 

corresponding  to  endowments  and  context  dynamically.  Instead  of  a  basic  model,  where  such 

representative economy approaches single level, assumed the same for all parts of the regional system,  

we can predict that such unique speed will be estimated much higher, since equilibrium in the regional 

system will be closer to specific conditions.

Dealing  with  the  second  trouble  in  form of  spatial  autocorrelation  is  not  that  simple  in 

compare with the former treatment. Dynamic spatial models will surely follow the latest developments 



 
in panel econometrics. Elhorst (2010) points at the preference given to panel version of spatial Durbin 

model as a more appropriate departure point in specification testing, generalizing both panel versions 

of spatial error and spatial lag models, further extended from the OLS model (Anselin, Bera, Florax  

and Yoon 1996). Spatial Durbin model is easily subsequently generalized, based on significance of 

parameter estimates in a specific situation. Except Elhorst`s (2010) strategy we also use recommended 

estimates  of  direct  and  indirect  effects  between  the  explanatory  variable  and  dependent  variable  

instead of point estimates related with spatial coefficients. "The direct impact is defined as the average  

impact of a change in the explanatory variable at each of the locations on the dependent variable at the 

same location, while the indirect impact is summarized using the average impact of a change in the 

explanatory variable at each location on the dependent variable at different locations" (Fischer et al., 

2009).  "The third novel approach,  although of minor importance in our case, with short  temporal  

dimension of data, is bias correction procedure if the spatial panel data contain spatial and time effects 

proposed by Lee and Yu (2010) and again implemented by Elhorst (2010).

Even after overcoming all these complications, further doubts whether it is only equilibrium 

level varying, remain unsolved. If also the speed of growth related to the initial level is differentiated 

then there is a difference in terms of behavior, not only time-specific and region-specific conditions for 

behavior  between  the  poorer  and  richer  regions.  As  Quah  (1996)  notes,  isn’t  it  especially  these  

variations that should be our main concern when analyzing regional economic system? If we find any 

important difference in the speed of growth while both-way effects of varying conditions are included  

(replacing omitted characteristics) then the answer can’t be a clear yes. This debate drives our attention 

towards club convergence or poverty trap alternative viewpoints.

If  we allow ourselves  an intentional  over-generalization,  we might  be asking if  the  high-

income tail of the regional distribution is approaching a spatiotemporal flowing equilibrium with a  

different  speed then the low-income tail.  Do the spatial  effects play a  different,  or  the  same role  

between them? In order to disintegrate the regional system in two parts evolving during a decade we  

adopt a method proposed by Fischer and Stirböck (2006). This strategy is based on local clustering 

technique (Ord and Getis,  1995).  This measure is  estimated at  the individual  unit  scale,  annually, 

telling us how large the measured variable is in compare with the average level within the distance 

threshold (δ) limited neighborhood. A significant positive value of G*(δ) defines clusters in the tail of 

distribution, significant negative value defines clusters in the opposite tail. Since our task here is not to  

define these, rather to put appropriate border between two segments of the system, we simply employ 

the criterion of a non-negative G*(δ) which allows to place a regional unit into the basket of high-

income subsystem. The same process repeated over time gives a frequency of how often is such unit  

considered member in one of the clubs. We apply the second criterion of absolute membership which 



 
means  that  only  those  units  are  considered  club-members  that  don`t  fluctuate  among  the  two. 

Contrasting with common two modes Pittau, Zelli and Johnson (2010) show that three components are 

more appropriate.

The outcome from the first part is in form of six values per variable measuring some aspect of 

regional  economies.  Successfully passing  the  process  described  above  will  tell  us  by how many 

percents annually a representative region, a representative low-value and a representative high-value 

region approach their evolving equilibrium. Alternatively, we can transform the three in half-times,  

telling  how long  does  it  take  for  these  regions  to  reduce  their  distance  from the  corresponding 

equilibrium level.  Not in the center  of  attention,  but  still  promising is  the unknown variability in 

significance  of  spatial  effects  between  the  three  alternative  representative  behaviors.  Fischer  and 

Stirböck  (2006)  give  reasons  to  suspect  that  lack  or  not  enough  growth  transfer  between  the  

neighboring regions might have some explanatory power. 

3. DISTRIBUTION CHANGE IN TRANSITION PROBABILITY PERSPECTIVE

Inspired by current developments in the debate we add the second perspective on regional economic  

system evolution. So far we have been developing improvements or additions, but still centered in a  

traditional  conditional  convergence  equation.  Sweeping  out  all  heterogeneities  approaching 

spatiotemporal continuum we actually lost all nuances of a real regional economic variation and were 

left with potentially important differentiation in speed of convergence towards a flowing equilibrium.  

Quah (1996, 1997) and others argue that such theoretical extraction is neither shifting our conceptual 

and empirical understanding of how the regional systems change, nor whether anything can be done 

about such change. 

Instead of removing all complications he proposes to approach the regional system and its  

distribution in whole, as it is. Regional development in this sense conceptually becomes a sequence of  

unique distributions, chained internally by unique transition probabilities. In earlier versions of his  

analysis he is using the distribution across the percentile hierarchy considering demeaned values, and 

later he shifts to fractions and multiplications of mean. Spatial dimension of the problem is lost in such  

case, but the development is made explicit by estimating the transition probability matrices, sequence 

of which directly informs us on the chances of being in some part of the distribution at the beginning 

to move to any other part, including no move, which captures the effect of autocorrelation in time.  

Note that such approach leaves open space for potential multi-scale research, which is not going to be  

employed here again.

This  outcome  takes  the  form  of  a  surface,  varying  across  the  source  and  destination 

percentiles. By definition, it` s a square matrix, which can be multiplied with the subsequently updated  



 
version giving the information on transition probabilities after two and more time steps. Probability 

surface displays two crucial dependencies responsible for basic shape characteristics.

The first is diminishing transition probability with the distance between source and destination 

percentile. The evidence in the plot has the form of a narrow, diagonally running hill. Logic behind 

this regularity is that there is a very high persistence of inherited heterogeneities among the regional  

system units. It is not easy to change the relative position among other competitors for any of them.  

This might be different in long time periods, but in case of a one decade scale it has to be counted with  

a high level of persistence. 

The second regularity most  probably relates  to  the  initial  position within the  distribution, 

which gets later perspective close to the previously taken conditional convergence perspective. The 

surface  should  display  so  many elevated  locations  according  to  how many equilibrium levels  a 

regional system is converging to. In case of converging system we should observe a single elevation 

about the level close to the mean. In case of polarizing system, or two-clubs convergence we should be  

able  to  observe  two  hills.  Quah  (1997)  terms  such  empirically  common  condition  twin-peaks 

emergence. Interpretation of the later situation is that regions tend to disappear from the mean levels 

across time and accumulate around two poles, pointing directly at the polarization tendencies present  

in evolution. Quah (1996) even shows, that such situation can be indicated altogether with negative  

significant β-coefficient, pointing at the conditional convergence above.

4. EMPIRICAL TESTS ON CENTRAL EUROPAN ECONOMIES

Search for representative datasets,  that  would allow to describe the Central  European context  has  

driven us to three neighboring countries. The Czech Republic, Poland and the Slovak Republic share 

many  similarities  in  their  post-socialist  transition  overcome  recently.  Two  parts  of  former 

Czechoslovakia  are  expected  to  have  many  similarities  despite  of  one  decade  of  separated 

development passed. The three countries, however, sharply differ in their population and size of their 

economy,  as well  as distribution of their  settlement systems.  Poland with 38.2 million population 

highly dominates over 10.3 million Czech Republic and 5.4 million Slovak Republic across the decade 

after 2000. While population size ratios appear stable over the period (0.27 and 0.14), proportions  

between size of their economies are changing. Both smaller economies have been expanding relative 

to the Polish economy between 0.33 and 0.44, and 0.11 and 0.18 respectively.

All three offer useful statistical breakdowns in comparable number of units (77 Czech units  

corresponding with districts,  66 Polish units  corresponding with sub-regions,  and 79 Slovak units 

corresponding with districts updated to 72). Missing harmonized datasets at this scale drive us to use 

approximated  regional  income  per  capita  in  Slovakia  2001-2009,  regional  unemployment  rate  in 



 
Slovakia 2001-2009, regional unemployment in Czech Republic 2001-2009, and regional income per 

capita in Poland 2000-2008. Unfortunately the compare between the opposing two measures is only 

possible in one of the three countries. Much suitable datasets describing development of Hungarian 

economy were not found at any similar regional delimitation level.

Three regional systems much differ in three indices describing sample period in evolution of 

their  national  economies.  In  Table  1  we  consider  GDP per  capita  levels,  GDP growth  rates  and 

unemployment rates. The Czech Republic, being best performing displays a steady increase in the 

GDP levels, except the last annual step, when a decrease occurs from the maximum. This economy has  

increased the growth between the second and sixth annual step, after which it enters the negative area.  

Corresponding unemployment rate stays lowest of the three for the whole time. Decreasing during the  

period it  is  rising only at  the last  step.  How does this development change inequality and spatial  

autocorrelation at the regional level? Gini coefficient steadily decreases except two annual steps. A 

clustered spatial pattern disintegrates in later period.

Economic development in case of the Slovak Republic similarly to previous pattern increases 

the  GDP level  during  the  period,  except  the  last  annual  step,  recording  the  fall  from maximum.  

Keeping the level below the Czech counterpart, in terms of growth rate we observe highest of the 

three, reaching two digits after which the growth falls to negative area. Unemployment level is 1.8 to 

2.6-times higher compared  to the Czech, although they improve similarly including last upward step.  

Gini  coefficient  characterizing  distribution  shows  a  steady  increase  in  case  of  income  and 

unemployment,  returning down with the slowed growth and elevated unemployment at the national 

level. Development of the Moran`s  I shows a rather complicated change for income becoming less 

clustered and unemployment clustering.

The Polish GDP per capita levels increase steadily. In terms of growth rate we observe three 

annual steps of slowed growth, but no negative growth appears in compare to the former countries.  

Unemployment is increasing at the beginning, after which the rate falls to almost where the Czech  

level gets a year later after increase. Inequality in Polish regional system increases except last step.  

Spatial pattern is displayed rather clustering.

Summarizing the message from the evolution of inequality in  three regional  systems,  one 

observes three distributions getting more uneven along time: Slovak unemployment (0.0126 per year, 

R2=0.53) and income (0.0071 per year, R2=0.85), and Polish income (0.0016 per year, R2=0.53). Only 

the last remaining Czech distribution gets more equal (-0.0042 per year, R2=0.43). This might relate to 

a generalized perspective on national value change over the whole period, in particular to a faster  

improvement in unemployment (or reflected in growth rate), which relates to more inequality then a 



 
slow one,  between  the  Slovak  and  the  Czech  case  (-1.24% per  year,  R2=0.86;  -0.33% per  year, 

R2=0.48).

In spatial terms, one deals with dynamically clustering pattern of unemployment in Slovakia 

(0.0194 per year, R2=0.33), stable pattern of income in Poland (0.0013 per year, R2=0.08) and patterns 

getting less clustered for income in Slovakia (-0.0238 per year,  R2=0.46) and unemployment in the 

Czech  Republic  (-0.0238  per  year,  R2=0.47).  If  the  former  quantification  appeared  with  some 

connection  to  national  context,  in  this  case  it  is  very  difficult  and  must  be  dependent  on  other 

characteristics  of  geographic  arrangement.  Our  task  in  the  following  part  will  be  to  look  at  the 

regularities appearing in our dataset in a more formal way,  offered by two approaches outlined in  

methodological part of the paper.

Table 1: Descriptive statistics.
GDP growth rate

(%)
GDP per capita 

(EUR per inhabitant) Gini coefficient Moran`s I
Unemployment rate

(%) Gini coefficient Moran`s I
Slovak Republic, 
2001-2009      

3.50 6,300 0.281 0.227 19.3 0.240 0.206
4.60 6,800 0.293 0.257 18.7 0.266 0.144
4.80 7,500 0.286 0.149 17.6 0.265 0.165
5.10 8,400 0.293 0.127 18.2 0.279 0.318
6.70 9,200 0.307 -0.030 16.3 0.313 0.226
8.50 10,200 0.315 0.064 13.4 0.348 0.350
10.50 11,400 0.319 0.180 11.1 0.370 0.250
5.80 12,400 0.314 0.056 9.5 0.363 0.430
-4.80 11,600 0.349 0.021 12.0 0.286 0.231

Czech Republic, 
2001-2009      

2.50 6,800 - - 8.0 0.285 0.276
1.90 7,800 - - 7.3 0.273 0.255
3.60 7,900 - - 7.8 0.267 0.301
4.50 8,600 - - 8.3 0.258 0.305
6.30 9,800 - - 7.9 0.256 0.303
6.80 11,100 - - 7.2 0.268 0.149
6.10 12,300 - - 5.3 0.275 0.067
2.50 14,200 - - 4.4 0.263 0.240
-4.10 13,100 - - 6.7 0.223 0.086

Poland, 2000-2008       
4.30 4,900 0.222 0.103 16.1 - -
1.20 5,600 0.211 0.140 18.3 - -
1.40 5,500 0.218 0.117 20.0 - -
3.90 5,000 0.218 0.119 19.7 - -
5.30 5,300 0.218 0.128 19.0 - -
3.60 6,400 0.225 0.118 17.8 - -
6.20 7,100 0.228 0.113 13.9 - -
6.80 8,200 0.230 0.115 9.6 - -
5.10 9,500 0.224 0.143 7.1 - -

Source: Eurostat, 2011, National statistical offices, 2011.

4.1 Conditional convergence perspective



 
Results of this section follow basically two estimations, for the panel OLS model including  region 

and time fixed effects without spatial interaction terms, and the panel version of spatial Durbin model  

with region and time fixed effects and spatial interaction terms bias-corrected. Both fixed effects have  

to stay in the model according to the likelihood ratio tests of joint significance, having values at the  

0.05% level in all cases considered. It means that we provide a statistical justification for considering 

the equilibrium level to which regions converge flowing freely across space and time simultaneously. 

The table also enclosed summarizes LM tests for lag and error specifications, as well as their robust 

generalizations.  Subsequently,  after  the  random effects  version   of  the  model  is  refused  by  the 

Hausman  test  statistic  (not  significant  at  the  0.05% level  in  all  cases  considered),  we  document  

estimates for the spatial Durbin model keeping them fixed in Table 2.

In all  cases we also check for robustness of the approach by applying two spatial  weight  

matrices. The simpler of the two are contiguity matrices of first order, defining the neighborhoods as  

the groups of regions directly bordering the central regions. The more complex matrices are based on 

squared  distances  between the  central  regions  and all  remaining  regions  in  the  regional  systems. 

Therefore, the second group of spatial weight matrices might be supposed to capture geographical 

settings more precisely. As the results show, the interaction effect is well captured by the former.

Estimates of  β value are significant negative in all  cases considered, technically speaking, 

proving  conditional  convergence  for  all  four  regional  economic  evolutions  considered.  Annual 

convergence rate in case of the Czech unemployment is 27.5%, while there is large difference between 

the two clubs defined from its regional pattern. High unemployment part of the country converges 

relative slowly by 27.2% then low unemployment part converging by 30.0%.  Shifting to the Eastern 

neighbor, unemployment rate in Slovakia converges by the annual rate of 35.1%, displaying again 

corresponding slower convergence of high unemployment part of the country by 35.3% compared to 

the other part by 36.4%. Turning attention to income, this variable convergence by 38.6% per year, but 

interestingly much faster in case of low income regions by 39.2% in compare to the high income 

regions by 36.9%. In Polish case, the national convergence rate is 43.1%, while again the high income 

regions converge slower by 40.6% than low income regions converging by 45.3%. 

According  to  the  proportions  between  the  estimates  it  seems  that  there  might  be  a 

generalization done at  the national  level.  The worse the regional  system is  in  terms  of  economic  

performance, the higher is its annual convergence rate. The problem, however, is that decomposition 

of all three countries into clubs leads to systematic estimation of lower convergence rates for higher  

numerical values of indices, but doesn`t hold according to the same logic of economic performance 

difference.  Low income,  same as low unemployment parts  of  the countries are faster  converging. 

Irregularity repeats in both countries available, using both spatial weight alternatives.



 
Considering significance of indirect effects, these are found in three models from twelve. In all  

cases these are positive, having opposite sign in compare to the direct effects corresponding. In case of 

the high income club model in Slovakia these are found in both spatial weight matrices. In the low 

unemployment club model in Slovakia it is found in the contiguity matrix only. Considering this and 

their size they do not offer anything one could hold interpreting convergence variability. More than 

anything else our results point at a real possibility that what we deal with is less a reflection of some 

fundamental econometric phenomenon then a pure statistical artifact, coming from several possible 

sources. We must remember, that it is also the number of regional units that is increasing in the same 

order as the economic performance. More than this suspicion, there is even more serious problem with 

conditional  convergence  perspective.  Coefficient  value  measuring  more  or  less  precisely  annual 

convergence rates says nothing about how individual regional units rearrange within the compressing 

or expanding distributions.  Young,  Higgins and Levy (2008) demonstrate,  that  β-convergence is  a 

necessary, but not sufficient condition for σ-convergence. Their two possible explanations read that 

"economies  can be β-converging toward one another  while,  at  the  same time,  random shocks are 

pushing them apart. Other scenarios where β-convergence does not imply σ-convergence arise when 

the constant varies across economies". The later is exactly what we will observe in next part.

Table 2: Econometric models addressing conditional convergence hypothesis.
  Club A Club B
 Contiguity 1/d2 Contiguity 1/d2 Contiguity 1/d2

Regional GDP
Spatial and time-
period effects  
without spatial 
interaction effects
Beta -0.455 (0.000) -0.455 (0.000) -0.471 (0.000) -0.471 (0.000) -0.479 (0.000) -0.479 (0.000)
R2 0.487 0.487 0.494 0.494 0.475 0.475
Log likelihood 744.370 744.370 385.464 385.464 293.052 293.052
LM (lag) 2.752 (0.097) 1.611 (0.204) 8.275 (0.004) 6.993 (0.008) 1.385 (0.239) 1.058 (0.304)
LM (error) 0.521 (0.470) 0.039 (0.842) 4.486 (0.034) 3.928 (0.047) 1.438 (0.230) 0.766 (0.381)
Robust LM (lag) 7.983 (0.005) 8.204 (0.004) 8.116 (0.004) 5.591 (0.018) 0.027 (0.871) 0.383 (0.536)
Robust LM (error) 5.752 (0.016) 6.632 (0.010) 4.326 (0.038) 2.526 (0.112) 0.080 (0.777) 0.091 (0.763)
Spatial Durbin 
model with spatial  
and time-period 
fixed effects bias-
corrected
Rho -0.057 (0.364) -0.033 (0.725) -0.253 (0.004) -0.236 (0.091) -0.106 (0.231) -0.111 (0.324)
Beta -0.469 (0.000) -0.469 (0.000) -0.453 (0.000) -0.437 (0.000) -0.479 (0.000) -0.477 (0.000)
Theta 0.195 (0.021) 0.285 (0.014) 0.275 (0.041) 0.317 (0.108) -0.034 (0.777) 0.047 (0.785)
Sigma sq. 0.005 0.005 0.005 0.005 0.005 0.005
R2 0.495 0.494 0.526 0.512 0.480 0.479
Corrected R2 0.197 0.197 0.207 0.199 0.209 0.211
Log likelihood 748.850 748.578 393.246 390.142 293.769 293.681
Wald test (lag) 5.320 (0.021) 6.056 (0.014) 4.170 (0.041) 2.588 (0.108) 0.080 (0.777) 0.075 (0.785)
Wald test (error) 7.414 (0.007) 7.371 (0.007) 8.726 (0.003) 5.102 (0.024) 0.020 (0.888) 0.369 (0.544)
Direct effect -0.472 (0.000) -0.471 (0.000) -0.474 (0.000) -0.446 (0.000) -0.480 (0.000) -0.480 (0.000)



 
Indirect effect 0.212 (0.005) 0.292 (0.006) 0.332 (0.003) 0.351 (0.024) 0.014 (0.895) 0.091 (0.541)
Total effect -0.260 (0.001) -0.179 (0.093) -0.143 (0.197) -0.095 (0.569) -0.466 (0.000) -0.389 (0.014)
Unemployment 
rate
Spatial Durbin 
model with spatial  
and time-period 
fixed effects bias-
corrected
Beta -0.403 (0.000) -0.403 (0.000) -0.426 (0.000) -0.426 (0.000) -0.422 (0.000) -0.422 (0.000)
R2 0.818 0.818 0.824 0.824 0.891 0.891
Log likelihood 485.987 485.987 333.137 333.137 237.649 237.649
LM (lag) 194.034 (0.000) 228.490 (0.000) 4.161 (0.041) 5.826 (0.016) 15.342 (0.000) 15.381 (0.000)
LM (error) 240.259 (0.000) 288.153 (0.000) 3.743 (0.053) 5.130 (0.024) 28.856 (0.000) 21.770 (0.000)
Robust LM (lag) 0.676 (0.411) 0.121 (0.728) 0.420 (0.517) 0.704 (0.402) 6.318 (0.012) 2.428 (0.119)
Robust LM (error) 46.900 (0.000) 59.785 (0.000) 0.002 (0.963) 0.008 (0.929) 19.832 (0.000) 8.817 (0.003)
Spatial Durbin 
model with spatial  
and time-period 
fixed effects bias-
corrected
Rho 0.632 (0.000) 0.781 (0.000) 0.172 (0.032) 0.230 (0.018) 0.389 (0.389) 0.530 (0.000)
Beta -0.454 (0.000) -0.425 (0.000) -0.424 (0.000) -0.419 (0.000) -0.469 (0.000) -0.461 (0.000)
Theta 0.320 (0.000) 0.362 (0.000) 0.031 (0.784) 0.020 (0.872) 0.353 (0.000) 0.496 (0.002)
Sigma sq. 0.008 0.008 0.005 0.005 0.009 0.010
R2 0.883 0.879 0.828 0.829 0.908 0.905
Corrected R2 0.211 0.212 0.221 0.222 0.183 0.168
Log likelihood 582.197 578.490 335.185 335.851 254.129 249.903
Wald test (lag) 37.481 (0.000) 27.483 (0.000) 0.075 (0.784) 0.026 (0.872) 16.601 (0.000) 9.365 (0.002)
Wald test (error) 0.791 (0.374) 0.324 (0.569) 0.151 (0.698) 0.416 (0.519) 4.534 (0.033) 2.627 (0.105)
Direct effect -0.447 (0.000) -0.421 (0.000) -0.426 (0.000) -0.423 (0.000) -0.451 (0.000) -0.439 (0.000)
Indirect effect 0.084 (0.373) 0.133 (0.576) -0.050 (0.683) -0.099 (0.504) 0.260 (0.031) 0.524 (0.110)
Total effect -0.363 (0.000) -0.288 (0.226) -0.477 (0.000) -0.523 (0.001) -0.191 (0.173) 0.085 (0.802)
Unemployment 
rate (Czech 
Republic)
Spatial Durbin 
model with spatial  
and time-period 
fixed effects bias-
corrected
Beta -0.289 (0.000) -0.289 (0.000) -0.310 (0.000) -0.310 (0.000) -0.341 (0.000) -0.341 (0.000)
R2 0.894 0.894 0.888 0.888 0.914 0.914
Log likelihood 796.675 796.675 367.613 367.613 418.592 418.592
LM (lag) 56.678 (0.000) 50.477 (0.000) 15.027 (0.000) 17.274 (0.000) 5.702 (0.017) 2.406 (0.121)
LM (error) 71.873 (0.000) 61.747 (0.000) 17.451 (0.000) 18.781 (0.000) 8.038 (0.005) 2.793 (0.095)
Robust LM (lag) 6.885 (0.009) 4.223 (0.040) 0.384 (0.535) 0.021 (0.885) 1.222 (0.269) 0.056 (0.813)
Robust LM (error) 22.080 (0.000) 15.492 (0.000) 2.808 (0.094) 1.527 (0.216) 3.558 (0.059) 0.443 (0.506)
Spatial Durbin 
model with spatial  
and time-period 
fixed effects bias-
corrected
Rho 0.433 (0.000) 0.580 (0.000) 0.301 (0.000) 0.372 (0.000) 0.222 (0.003) 0.237 (0.039)
Beta -0.339 (0.000) -0.326 (0.000) -0.328 (0.000) -0.316 (0.000) -0.369 (0.000) -0.350 (0.000)
Theta 0.266 (0.000) 0.328 (0.004) 0.178 (0.071) 0.173 (0.175) 0.169 (0.087) 0.126 (0.493)
Sigma sq. 0.004 0.004 0.004 0.004 0.004 0.005
R2 0.909 0.906 0.897 0.898 0.917 0.915
Corrected R2 0.107 0.104 0.117 0.117 0.145 0.142
Log likelihood 832.075 824.260 376.043 376.127 423.105 420.203
Wald test (lag) 16.110 (0.000) 8.393 (0.004) 3.271 (0.071) 1.837 (0.175) 2.926 (0.087) 0.471 (0.493)



 
Wald test (error) 3.867 (0.049) 1.729 (0.189) 0.744 (0.389) 0.210 (0.647) 0.897 (0.344) 0.060 (0.806)
Direct effect -0.326 (0.000) -0.316 (0.000) -0.321 (0.000) -0.313 (0.000) -0.365 (0.000) -0.349 (0.000)
Indirect effect 0.197 (0.044) 0.326 (0.186) 0.106 (0.382) 0.082 (0.648) 0.108 (0.338) 0.055 (0.810)
Total effect -0.129 (0.215) 0.010 (0.968) -0.216 (0.096) -0.230 (0.218) -0.257 (0.026) -0.295 (0.188)
Regional GDP 
(Poland)
Spatial Durbin 
model with spatial  
and time-period 
fixed effects bias-
corrected
Beta -0.522 (0.000) -0.522 (0.000) -0.490 (0.000) -0.490 (0.000) -0.590 (0.000) -0.590 (0.000)
R2 0.539 0.539 0.522 0.522 0.630 0.630
Log likelihood 1 123.700 1 123.700 496.675 496.675 612.168 612.168
LM (lag) 0.803 (0.370) 0.114 (0.735) 0.302 (0.583) 0.857 (0.354) 0.182 (0.669) 0.283 (0.595)
LM (error) 3.325 (0.068) 2.251 (0.134) 0.878 (0.349) 1.779 (0.182) 0.117 (0.732) 0.076 (0.782)
Robust LM (lag) 3.060 (0.080) 5.962 (0.015) 0.520 (0.471) 0.626 (0.429) 3.143 (0.076) 3.451 (0.063)
Robust LM (error) 5.582 (0.018) 8.099 (0.004) 1.096 (0.295) 1.548 (0.213) 3.078 (0.079) 3.244 (0.072)
Spatial Durbin 
model with spatial  
and time-period 
fixed effects bias-
corrected
Rho 0.110 (0.062) 0.102 (0.119) 0.034 (0.649) 0.127 (0.112) 0.017 (0.820) -0.016 (0.877)
Beta -0.539 (0.000) -0.543 (0.000) -0.489 (0.000) -0.503 (0.000) -0.591 (0.000) -0.575 (0.000)
Theta 0.179 (0.022) 0.242 (0.005) 0.011 (0.840) 0.139 (0.213) 0.185 (0.102) 0.240 (0.105)
Sigma sq. 0.001 0.001 0.001 0.001 0.001 0.001
R2 0.546 0.547 0.523 0.529 0.635 0.635
Corrected R2 0.276 0.280 0.254 0.257 0.318 0.319
Log likelihood 1 126.916 1 127.886 496.859 497.940 613.798 613.957
Wald test (lag) 5.262 (0.022) 7.741 (0.005) 0.041 (0.840) 1.551 (0.213) 2.680 (0.102) 2.624 (0.105)
Wald test (error) 2.771 (0.096) 5.300 (0.021) 0.011 (0.918) 0.518 (0.472) 2.773 (0.096) 3.247 (0.072)
Direct effect -0.537 (0.000) -0.539 (0.000) -0.489 (0.000) -0.501 (0.000) -0.588 (0.000) -0.573 (0.000)
Indirect effect 0.131 (0.091) 0.210 (0.018) -0.003 (0.960) 0.082 (0.470) 0.179 (0.093) 0.254 (0.075)
Total effect -0.406 (0.000) -0.329 (0.001) -0.492 (0.000) -0.419 (0.001) -0.409 (0.001) -0.320 (0.048)

Source: National statistical offices, 2011 and Paul Elhorst`s Matlab routines, 2010.

4.2. Transition probability perspective 

Demeaning  the  variable  values  in  subsequent  time  steps  allows  to  decide  upon  the  membership 

evolving for  each regional  unit  in  one of  the  interquantile  spaces,  depending upon the resolution 

decided. In this paper, we are using ten spaces divided by the nine percentiles from 0.1 to 0.9. This  

generalization allows to follow a trajectory within the distribution missing in previous section. The 

resulting transition frequencies serve as a basis for computing transition probabilities matrices, unique  

for each annual step. Multiplying them in temporal sequence enables to find a multiple step transition 

probabilities matrix, quantifying chances for a regional units group members to end among regional  

units in any of the competing groups across the whole distribution including the own group.

The empirical  surfaces in Table 3 are capable of informing upon various questions in the 

context  of  convergence debate.  All  four of them keep close proximity with theoretically assumed 

higher elevation along the main diagonal of the matrix. However, symmetry is not the case in any of  



 
the four example developments. The matrix diagonal captures 25.4% of the sum of probabilities  for 

the Slovak income, 25.0% for the Slovak unemployment, 26.4% for the Czech unemployment and 

30.2% for  the  Polish income.  Remaining probabilities  capture  the  non-static  part  of  the  evolving 

distributions.  We  may  conclude  that  the  Polish  case  appears  to  be  most  stable  from  the  four 

considered. Also, the distribution of unemployment appears more dynamic then that of income for the 

Slovak economy. 

Considering the existence of  local  maximum along the diagonal,  all  four  surfaces  steeply 

increase elevation towards their extremes, indicating that the probability of staying trapped within the 

initial position is much higher once a region is far from the mean position among others. This is not a 

symmetric regularity since the probability of holding the position in the last quantile against that in the 

first is 1.3-times higher for the Slovak income, which corresponds to the Polish proportion 1.1. In 

contradiction, but this time logically corresponding proportion in case of unemployment is 0.9 for both 

countries.

In any case, this points rather at σ-divergence then σ-convergence. Similar to Carluer (2005), 

who finds "strong diversity of regional evolutions characterized by both inertia (rich regions remain 

rich, poor regions remain poor) and mobility (some rich regions become poor and vice versa)" for the  

Russian  regional  system.  A  Further  research  in  direction  towards  various  quantile  regression 

specifications appears promising. Pittau, Zelli and Johnson (2010) in corresponding sense suggest to 

use "approaches which model  the distribution as a mixture of component densities.  Each of these 

densities represents a putative convergence club and the mixture approach provides integrated tests for 

number of components".

Table 3: Transition probability surfaces addressing polarization (below 0.05 removed).
Regional 
GDP          

 
[0.1

] [0.2] [0.3] [0.4] [0.5] [0.6] [0.7] [0.8] [0.9] [1.0]

(64) 0.39 0.29 0.15 0.10 0.06

(56) 0.32 0.24 0.18 0.15 0.09

(56) 0.15 0.14 0.20 0.22 0.17 0.06

(56) 0.13 0.13 0.17 0.19 0.17 0.06 0.08

(56) 0.07 0.08 0.14 0.16 0.18 0.11 0.12 0.08 0.05

(56) 0.08 0.10 0.15 0.16 0.17 0.13 0.10

(56) 0.10 0.20 0.18 0.18 0.15 0.08

(56) 0.05 0.19 0.17 0.21 0.20 0.14

(56) 0.12 0.12 0.20 0.26 0.28

(64)      0.10 0.09 0.11 0.18 0.52

Unemployment rate           



 

 
[0.1

] [0.2] [0.3] [0.4] [0.5] [0.6] [0.7] [0.8] [0.9] [1.0]

(64) 0.52 0.23 0.11 0.06 0.06      

(56) 0.27 0.22 0.17 0.14 0.12 0.06

(56) 0.10 0.16 0.19 0.19 0.16 0.13

(56) 0.10 0.15 0.18 0.18 0.16 0.14 0.05

(56) 0.11 0.15 0.17 0.17 0.16 0.09

(56) 0.07 0.10 0.11 0.15 0.17 0.14 0.13 0.07

(56) 0.07 0.09 0.14 0.19 0.17 0.16 0.11

(56) 0.06 0.07 0.11 0.18 0.18 0.18 0.14

(56) 0.07 0.17 0.21 0.22 0.25

(64)       0,08 0,19 0,21 0,48
Unemployment rate (Czech 
Republic)           

 
[0.1

] [0.2] [0.3] [0.4] [0.5] [0.6] [0.7] [0.8] [0.9] [1.0]

(64) 0.54 0.36 0.05        

(64) 0.22 0.24 0.18 0.14 0.08 0.08

(56) 0.14 0.19 0.19 0.18 0.11 0.11

(64) 0.06 0.09 0.14 0.19 0.16 0.16 0.10 0.05

(56) 0.08 0.13 0.18 0.16 0.17 0.12 0.06

(64) 0.11 0.17 0.16 0.18 0.15 0.08 0.06

(64) 0.07 0.12 0.14 0.17 0.19 0.13 0.11

(56) 0.06 0.10 0.19 0.20 0.21 0.16

(64) 0.15 0.21 0.27 0.29

(64)       0.07 0.14 0.28 0.49

Regional GDP (Poland)           

 
[0.1

] [0.2] [0.3] [0.4] [0.5] [0.6] [0.7] [0.8] [0.9] [1.0]

(56) 0.49 0.29 0.17        

(48) 0.37 0.26 0.21 0.08 0.05

(56) 0.12 0.17 0.25 0.18 0.15 0.07 0.05

(48) 0.06 0.11 0.20 0.20 0.21 0.10 0.08

(56) 0.06 0.13 0.18 0.24 0.14 0.14 0.07

(48) 0.07 0.14 0.20 0.16 0.19 0.12 0.06

(56) 0.08 0.13 0.18 0.24 0.20 0.12

(48) 0.08 0.17 0.25 0.24 0.17

(56) 0.07 0.16 0.37 0.35

(56)        0.08 0.29 0.56
Source: National statistical offices, 2011.

5. CONCLUSION

The main objective was to explore basic questions around regional economic convergence with two 

approaches available recently and to compare them, whether interpretations of their result offer any 



 
possibility of more consistent understanding of the economic phenomenon hidden behind measures 

from various related perspectives.

There is a simple story at the core of this debate saying that disequilibria appear at the labor 

markets regionally varying. Different capability of the regional economies to create jobs results in 

uneven unemployment patterns. The employers in the regions where the competition gets more tight 

are  forced  to  increase  wages,  since  the  price  of  labor  increases.  Opposite  changes  appear  

simultaneously in the areas where jobs are lost. Supply of labor is higher than demand, resulting in  

decreasing wages. Therefore, we should be able to observe contradicting movements, and patterns of  

unemployment  and  income.  Wage  difference  should  in  following  be  responsible  for  increasingly 

attractive cheaper labor force in the high unemployment regions, therefore making them getting new 

jobs easier. In the same time, employees should be reacting on variation in wage level by migration to 

high income regions. Ozgen, Nijkamp and Poot (2010) argue that "the overall effect of net migration 

on growth in real income per capita is positive, small, and consistent with the perspective of the new 

endogenous growth theories  and the new economic geography".  All  these  should theoretically be 

responsible for hypothetically significant negative dependence of economic growth on initial level of 

economic development, which should be reflected both in income and unemployment.

Implementation  of  first  method  supports  this  view  in  case  of  three  Central  European 

economies. We found significant negative relationships between growth and initial levels in spatial 

panel specification, which should be capable of treating spatial interaction biases and a part of spatial  

heterogeneity. As a major improvement appears to be the replacement of a single equilibrium level by 

a concept of region and time specific, flowing equilibrium, dynamically reflecting changing conditions 

in  which different  regions are  across  time observed.  Variation in  direct  effect  of  initial  levels  on 

growth was approached by search for alternative estimates in two clubs, separately for the high and 

low performing sets of regions. Differences within the club pairs at first sight appear interesting, but 

unfortunately  don`t  follow  basic  economic  logic,  according  to  which  the  difference  in  speed  of 

convergence should be inverse between the two clubs of the two values tested. Instead, there is a  

suspicion raised that differences found may be statistical artifacts, potentially depending on regional  

delimitations employed.

Approaching the evolving distribution from the perspective of transition probabilities between 

specific  distribution parts  informs  us  in  first  place,  that  it`s  not  the  values  close  to  mean of  the  

distribution that have the highest stability. Conversely, these parts of distribution are particularly those 

from  which  the  regional  units  easily  move  out.  Empirical  surfaces  of  interquantile  transition 

probability show in all four cases twin peaks emergence, indicating polarization within the regional 

systems.  σ-divergence  in  this  sense,  as  it  seems,  goes  perfectly  well  simultaneously  with  β-



 
convergence, indicated from spatial econometric perspective. This represents a challenge for further,  

more direct research getting us closer to understanding why. 
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