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resumo 
 

 

A investigação debruça-se sobre o crescimento económico, adotando uma
perspetiva regional centrada nas NUTS 2 Europeias. Em análise está o
processo de convergência em curso na Europa, para avaliar se é possível
coexistir um objetivo de aumento do crescimento económico regional em
simultâneo com uma redução das disparidades regionais. 
A evidência empírica mostra sinais de transitoriedade no processo de
convergência entre regiões europeias e, em simultâneo, indicia a formação de
vários clusters de regiões. Atendendo a estes sinais, interessa avaliar a
homogeneidade dos perfis dos clusters e o respetivo padrão de disseminação
no espaço europeu. Tal como sugere a literatura, constata-se que há evidência
da formação de clusters de regiões no espaço, tendo em conta diferentes
variáveis (perfis de regiões, indicador da diversidade e indicador do
crescimento). Por outro lado, o padrão de evolução das disparidades regionais
na Europa aparenta ser, em média, grande e persistente, notando-se que as
posições relativas das regiões Europeias têm tendência a não sofrer
alterações. Estes resultados lançam dúvidas sobre o impacto dos fundos
estruturais para reduzir as disparidades regionais. 
O interesse de uma abordagem com este cariz prende-se com a necessidade
crescente de avaliar a eficácia e eficiência das políticas públicas
implementadas. O facto de existir um processo de integração económica na
Europa aumenta a utilidade deste tipo de análise, sobretudo num quadro em
que são concedidas e discutidas ajudas financeiras comunitárias. 
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convergence; polarization; inequality; distribution dynamics; European regionss
(NUTS 2); exploratory spatial data analysis; specialization; convergence clubs 

abstract 

 
The research is centred on economic growth and it adopts a regional view
focused on European regions (NUTS 2). Under analysis is the undergoing
convergence process in Europe to evaluate if there is an increase in regional
economic growth and a simultaneous decrease in regional disparities. 
The empirical evidence shows signs of transience on the regional convergence
process, along with the formation of several clusters of regions. Considering
this evidence it is of interest to assess the profiles of such clusters, and
evaluate the homogeneousness of its regions and their spread across
European space. As suggested in the literature, space is a relevant factor in the
spread of clusters, according to the different variables (regions profiles,
diversity measures and growth indicators). Regional disparities across Europe
are, on average, large and persistent, with a high degree of stability among the
relative rankings of European regions. Such results cast shadows about the
impact of European structural funding in diminishing regional disparities.  
Such an approach is of interest due to the growing need to evaluate the
effectiveness and efficiency of public policies implemented. The fact that there
is an undergoing process of economic integration in Europe increases the
usefulness of such an analysis, especially in a context in which European
public funds are negotiated and granted. 
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I. Introduction 

I.1. A first approach to the theme 

The convergence of incomes across regional economies has long attracted the attention of 

economists and decision makers. This focus is justified by the widespread perception that the 

disparities in aggregate growth, which seem to persist, led to sizable differences in welfare both 

across countries and within countries. Moreover, the research on this area is still open, once there 

is not yet a consensual answer as to whether and under which conditions convergence actually 

takes place (Magrini, 2004). Understanding the process of convergence of income per capita has 

been central to growth and development economics.  

In the European Union, the attention to the issue of regional convergence has been 

particularly emphasized with its explicit policy goal of diminishing regional disparities and 

increasing territorial cohesion. In this sense, regional policy has been designed in order to promote 

that goal, even if the undergoing enlargement processes have weakened this goal’s achievement. 

Since public funding has been used, the interest of such an approach is related to the growing 

need to evaluate the effectiveness and efficiency of the undertaken public policies. This is even 

more critical in times of hard negotiations over European support programs and when the 

framework for policy decisions is constraint by the loss of national sovereignty over the instruments 

of monetary policy. 

The research undertaken intends to evaluate empirically a proposition which states that in 

the European Union, the language used suggested that it was possible to maximize overall growth 

while also achieving continuous convergence in outcomes and productivity across European 

regions. In this sense, the trade-off between equity and efficiency seemed to be left aside (Farole 

et al., 2011). The hypothesis under focus implies that promoting higher levels of growth may 

require accepting some degree of geographic concentration (agglomeration) of economic activity, 

generally in the best-endowed regions. Such a result would imply a change in EU regional policy, in 

order to reflect the unevenness of regional growth (Harris, 2011). In this regard, the set of policies 

would have to be different depending on the performance of the regions. At the other hand, since 

regional economic growth is a complex process, the assessment of the degree of closeness in the 

regions’ economic structures is another relevant step. Within the process of globalization that is 

being witnessed today, local factors and specificities also have a specific role on which the 

competitiveness of economies is built. In this regard, a clear picture of the growth dynamics that is 

taking place is very important to fine tune the different instruments that policy makers have at their 

disposal. 

A briefly review over the divergence/convergence issue is needed, in order to settle down 
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the concepts under analysis (the “convergence” notion can entail several dimensions, as noted by 

Islam, 2003) and the theoretical discussion over growth, opposing the neoclassical perspective to 

the endogenous approach. This short overview, which is focused on the European growth process, 

deals with the definition of the unit of analysis and discusses the impacts of the con(di)vergence 

over the design of regional public policies and its financing. This first approach should be seen as a 

starting point to explore these issues. A brief attention is given to the study of the distribution 

dynamics of per capita income just to highlight the problematic under attention, which is whether 

regions converge or diverge. 

I.2. A brief overview of the literature on European regional 
convergence1 

I.2.1. The evolution of the economic integration process at a regional 
level 

The establishment of the European Union (EU) in 1957 put the reduction of regional income 

disparities as one of the Union's public policy explicit goals. Since then this focus has been 

successively reaffirmed along the deepening of the economic integration process. The enlargement 

underway along the last decades maintained the issue of European regional convergence under 

close focus. The overall aim has been the design of proper public policy tools to reduce the 

differences between the levels of development of the various European regions. 

Although the concern for Europe’s disadvantaged regions has always been a European 

headline goal, until the mid-eighties the task of helping less-developed regions was left in the 

hands of national governments. The change in the EU spending in poorer regions occurred with the 

admission of Greece, Spain and Portugal, reflecting a greater power of these countries (along with 

Ireland) to influence the European decision process. The influence of low income countries 

increased with the enlargement process, specially under the actual 27 members. 

Recalling the highlighted goal, its evaluation involves assessing a specific unit of analysis – 

the region. It is a fact that Europe’s economic activity is highly concentrated geographically 

(moreover after the last enlargement), hence people located in the core enjoy higher incomes and 

lower unemployment rates than people elsewhere. If this is true when nations are being compared, 

it becomes more relevant when a narrower lens is used. At a subnational level, the dispersion is 

even more pronounced, which might call for a different set of regional policies in order to diminish 

the disparities.  

The need for data on a regional level forced the development of a database to disclose that 

information – it is called Regional Statistics (Regio). At the European Union level there was the 

need to homogenize the national accounting systems in order to retrieve comparable data over 
                                                      
1 This section was published as a chapter from an edited book (Andrade et al., 2011). Here, the introduction of 
the mentioned document was changed, since the original chapter had to convey pedagogical goals due to the 
nature of that publication. 
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national and regional variables, which was achieved with the ESA 95 (which stands for the 

European System of Accounts). The unit of analysis therein follows the NUTS (Nomenclature of 

Statistical Territorial Units) classification scheme, which has three levels. However, this regional 

division has been submitted to criticisms in the literature, since it discloses regions with significant 

differences in terms of size, population and political power. Nonetheless, the NUTS regional data is 

the most commonly used classification scheme in the literature and we will also draw upon it. 

The literature on European regional economic growth has fallen on three strands identified 

by Durlauf et al. (2008). Some authors devote their attention to the convergence vs divergence 

discussion; others are focused on intra-distributional dynamics, while others are focalized on 

explaining the differences in growth. 

Our focus develops along the second highlighted line of research, the so-called properties of 

the cross-section distribution of incomes. Within this alternative strategy for the empirical research, 

the goal is to understand how a certain pool of regions did evolve along a given period. The focus 

is upon the distribution of a specific variable as the unit of analysis, instead of individual economies 

themselves, in order to infer over the concentration/deconcentration patterns. Hence, new insights 

over the convergence/divergence process are possible, namely over the presence of the so-called 

“convergence clubs” or over the churning within the growth process of the pool of regions, i.e., the 

degree of intra-distribution mobility and the tendency towards polarization. 

I.2.2. Theoretical issues: concepts and methodologies to appraise the 
evolution of growth 

To move on, a choice must be made over the variable of interest. Most studies are focused 

upon the income per capita. However, others claim that product per employee should be a more 

adequate measure. We will leave this discussion aside, but note that the final results would change 

if the latter variable was used, as pointed out by Cuadrado-Roura et al. (2000). Our analysis will be 

based on income per capita, measured by regional gross domestic product, unless stated 

otherwise. 

Before dealing with the properties of the cross-section distribution, one must be aware of the 

notion of convergence. This notion comprises the evaluation of the persistence of the differences 

between economies over long time horizons. Of relevance are the concepts of β-convergence and 

σ-convergence, due to their relation to the theoretical discussion between the two alternative views: 

the neoclassical growth framework; and the endogenous growth approach. These theoretical views 

imply a distinct role for government policies: within the neoclassical framework the economic 

policies would only produce temporary effects upon economic activity, due to the independency of 

the growth rate from any economic behaviour; with the endogenous growth view, public 

intervention should be designed to increase the accumulation of those factors that are responsible 

for generating externalities, in order to boost the growth rate. In the latter approach, the concept of 

capital is no longer confined to the physical capital (as in the neoclassical model), but it 
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encompasses intangible capital, and consequently reflects the response of economic actors in a 

competitive environment. In this light, a set of endogenous factors - such as innovation, scale 

economies or learning processes - may produce externalities that spillover to the economy. 

Evidently, the convergence of per capita income between economies is no longer an inevitable 

outcome as in the neoclassical growth framework. 

The σ-convergence refers simply to the decrease over time of the cross-sectional standard 

deviation of per capita income (σ). Although intuitively simple, this notion has some limitations, 

since it ignores other aspects of the income distribution, such as skewness and modality; and it 

masks churning processes and the mobility of individual economies, due to the undertaken 

aggregated approach. 

Within this context, a lot of empirical work has been done on European regions. And the 

results display many different estimates of the speed of convergence – which is the mean velocity 

at which the gap between the steady state and its current level is being closed. In a recent study, 

attention is called to the factors explaining the differences in the estimates (Dobson et al., 2006): 

the results are highly sensitive to the econometric methods used. A remark is now widely accepted: 

to avoid highly biased estimates in cross-national studies, it is very important to use spatial 

econometric methods, since spatial autocorrelation can imply positive growth spillovers between 

regions. 

Without the use of spatial econometric methods, some results signal the presence of a 

process of convergence across the European regions of our sample, over the period 1980-2005 

(Marelli, 2007). However, other authors such as Le Gallo and Dall'erba (2006) call attention to the 

differences that arise when spatial autocorrelation is taken into account. Le Gallo and Dall'erba, 

even if not using the NUTS regional division, conclude that the convergence process between 

European regions becomes spatially differentiated in their second sub-period of analysis (the 

nineties), while no spatial regimes can be detected in the first sub-period (the eighties). Hence, the 

results point to the formation of a convergence club between the peripheral regions at the end of 

the period. This is another relevant concept, since it refers to the possibility of a group of countries 

approaching a particular equilibrium if they share initial attributes that correspond to that 

equilibrium. The traditional North-South division illustrates the concept in the European Union with 

15 members. 

The discussion over the divergence/convergence process among the European regions is 

very important due to the possible consequences for the financing of the so-called cohesion 

policies. If convergence rates do not vary very much between two sub-periods with distinct public 

funding, the cohesion policies’ effectiveness in achieving the convergence goal could be 

questioned. In a recent study, Battisti and Di Vaio (2008) conclude that the 1990s saw an 

expansion of the non-convergence area, hence regional growth dynamics does not seem to have 

followed a common pattern towards the convergence of per capita income across Europe. 
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I.2.3. Empirical evidence on the evolution of the regional growth 
process: main conclusions 

As stated previously, through the analysis of the evolution of the cross-sectional distribution 

of per capita income, one may paint the following portrait of the European regional development: 

 the poorest regions displayed an improvement in economic conditions and an inner 

process of catching up. There is evidence of a decreasing tendency in the magnitude of regional 

disparities during this period. Geppert and Stephan (2008) present evidence towards this result for 

the period 1980 to 2000; 

 according to Maza et al. (2009) the results showed that regional productivity distribution in 

the EU has been characterized by high persistence, indicating that differences across regions 

persisted over the period 1991-2005. Fotopoulos (2008) also confirms the highlighted pattern; 

 Basile (2009) presents evidence for the period 1980-2003 confirming the existence of 

multiple equilibria in regional growth behavior in Europe. These results also follow Fotopoulos 

(2008). Thus, the formation of two clubs of convergence, which also have a clear spatial pattern, 

seems to be in place: high-productivity regions, mainly located in the core of Europe, tend to 

converge toward high-productivity levels, while most of the peripheral regions seem to be caught in 

a vicious cycle of “low-productivity trap.”  

In sum, as stated by Bosker (2009), although European regional income disparities have 

been decreasing since the beginning of the eighties, they have not disappeared. According to 

Hierro and Maza (2009), if the sample period is split in two, a notorious decline in regional 

disparities can be found between 1980 and 1993, followed by a negligible decrease from 1993 to 

2005. The evidence results presented elsewhere on such issues points to a trend towards 

polarization, with a high degree of persistence of the relative region's position, and raises the 

admissibility of the 'convergence clubs' hypothesis. The possibility of transience in the catching-up 

process underway in Europe is also a result that comes about in the literature. 

Recalling Le Gallo and Dall'erba (2008), while taking into account the appropriate spatial 

effects, it appears as though all European regions converge to the same steady-state in the 

aggregate labour productivity, energy and manufacturing and market services sectors, whereas 

both core regions and peripheral regions converge to their own steady-state in the agriculture, 

construction and non-market services sectors. This picture is consistent with the persistence of 

differences in productivity levels between these two groups. Fotopoulos (2008) also confirms these 

results. 

Recalling Capello (2008), answers for convergence problems on the one hand and 

endogenous determinants of regional growth on the other are needed, therefore these matters 

should be on the research agenda, especially on that of regional scientists. 

The studies to be undertaken intend to uncover signs of clusters of European regions on the 
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field. If those clusters are in place, the design of regional public policies should be adjusted in order 

to reduce differences between the levels of development of the various European regions. Factors 

such as the regional economic structure, the localisation and potential linkages of each region are 

critical to correct regional imbalances. The discussion over the convergence process has not 

ended and it might impact future negotiations over European public funding. 

I.3. Research design and thesis structure 

As already stated, the bulk of our approach deals with the fact that diminishing regional 

disparities might not occur without hampering regional economic growth. Hence, as noted by 

Farole, et al. (2011), promoting higher levels of growth may require accepting some degree of 

geographic concentration (agglomeration) of economic activity, generally in the best-endowed 

regions. The research design is organised in order to evaluate empirically this proposition. 

The first step implies assessing how the pattern of economic regional growth is evolving 

within Europe, in order to appraise how the catching-up process underway in Europe is developing. 

A subsequent step implies dealing with the patterns of concentration of economic activities across 

the European space. And a final phase is related to the evaluation of European regional disparities.  

The first section2 was targeted at understanding growth facts in the context of growth 

theories. Along this reasoning, an exploratory analysis of European regional convergence, focusing 

β-convergence and σ-convergence, is undertaken, as well as the study of the evolution of the 

cross-sectional distribution of per capita income, through stochastic kernels. Theoretical aspects 

over the different notions of convergence available are covered alongside with some aspects of 

growth econometrics and empirics. The evidence gathered confirms some results presented 

elsewhere, such as the convergence process ephemeral nature, the trend towards polarization, the 

relative region's position high degree of persistence and the 'convergence clubs' hypothesis 

admissibility. The main novelty on this essay is the estimated shape for the ergodic distribution, 

which reveals a long run trend towards the formation of more clusters and in consequence signals 

some degree of transience in the catching-up process underway in Europe. 

The 'convergence clubs' hypothesis, which implies that there are clusters of regions with 

distinct growth trajectories between them but whose members display a common growth pace 

deserved additional attention in the next section,3 where the focus is on the patterns of regional 

economic growth produced by the interactions between industry specialization and diversity. After 

contextualizing the theoretical approaches to seize externalities in economic growth, measures for 

specialization, diversity and competition are dealt with as well as the econometric model to be 

estimated. The novelty of the approach therein lies in the attention given to the regional European 

development process, specially to the definition of regional profiles of specialization in economic 

                                                      
2 Published article as Andrade et al. (2010). 
3 Published in conference proceedings as Pinho et al. (2012). 
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activities and their spread across space. 

The next section4 looks at the dynamic evolution of European regional income per capita. 

Specifically, this step of the research intends to test if the European regional growth process 

displays a long run tendency that admits more than two modes, even if there is an overall 

convergence process. Therefore, an overall tendency of diminishing regional income inequalities 

could be set in motion and simultaneously, if the hypothesis was true, there would be sets of 

European regions displaying different velocities in their growth paces and grouping around different 

poles. Hence, the notions of polarization and of inequality are called in. To appraise the dynamics, 

it is used a specific procedure (Phillips and Sul, 2007b, 2007a, 2009), which departs from 

mainstream growth theories and allows to evaluate one region's economic growth relative to the 

average performance in a subgroup of regions. The evidence signals regional growth with different 

paces and discloses a spatial spread coherent with the new economic geography approach.  The 

results' implications for public policies are discussed, in a framework where increasing attention is 

given to the effectiveness of public spending. 

The final section concludes. Along with a synthesis of the research conducted so far, some 

policy implications of the research’s results are discussed. This section ends with references to the 

investigation that is still being undertaken, whose results are not yet sufficiently robust to be 

presented. On the one hand, efforts are being carried out to highlight the drivers of regional 

productivity growth, taking into account neighbourhood effects. This analysis considers distance 

decay effects which involve dimensions of proximity other than geographical localization, in the 

sense proposed by Boschma (2005) and Basile et al. (2012). On the other hand, the impacts of 

European funding programs on growth are being modelled and estimated.  

 
 
  

                                                      
4 Published article as Pinho et al. (2010) 
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II. Exploring Regional Convergence: Evidence 
from 19 European Countries, 1991-20085 

II.1. Introduction 

The establishment of the European Union in 1957 put the reduction of regional income 

disparities as one of the Union's public policy explicit goals. Since then this focus has been 

successively reaffirmed along the deepening of the economic integration process. The enlargement 

underway along the last decades maintained the issue of European regional convergence under 

close focus. The overall aim has been the design of proper public policy tools to reduce the 

differences between the levels of development of the various European regions. 

Closing attention upon the literature, the empirical evidence gathered worldwide has 

uncovered a set of stylized facts. Durlauf et al. (2005) mentioned the following three classes: 

 Most countries have grown richer, but there are strong income disparities and substantial 

heterogeneity across countries; 

 The international distribution of GDP per worker exhibits an emerging bimodality, which 

denotes little churning across the emerging twin modes; 

 There appears to exist a plethora of factors that might affect growth, beyond factor 

accumulation and exogenous technical change which drove the Solow-Swan model. 

According to Durlauf, et al. (2008), the above mentioned stylized facts have correspondence 

in the following major streams of research: 

1. One is focused on the convergence or divergence process. The main interest lies in the 

evaluation of the persistence of the differences between economies over long time horizons: are 

these differences transient or permanent? In case of permanent differences, a subsequent 

question is to assess if those differences reflect structural heterogeneity or initial conditions. 

2. The second covers the properties of the cross-section. The focus is on the features of the 

probability density to describe incomes, namely on the evolution of the densities. 

3. The third encompasses the identification of growth determinants. The attention is devoted 

to the explanation of the differences in growth, namely the factors that might be growth enhancers 

or determinants. Some issues are of special interest, such as the theoretical and empirical 

foundations for the determinants as well as a distinction between those factors that are 

fundamental and those that only are proximate. 

The literature on European regional economic growth has fallen on those strands. Some 

                                                      
5 Published article as Andrade, et al. (2010). 
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authors devote their attention to the convergence vs. divergence discussion (Fischer and Stirböck, 

2004, Debarsy and Ertur, 2006, Meliciani and Peracchi, 2006, Marelli, 2007, Battisti and Di Vaio, 

2008, Lopez-Rodriguez, 2008), others are focused at intra-distributional dynamics (Le Gallo, 2004, 

Maza and Villaverde, 2004, Ezcurra and Rapun, 2006, Pittau and Zelli, 2006, Ezcurra and Rapun, 

2007, Fischer and Stumpner, 2008, Villaverde and Maza, 2008, Basile, 2009, Bosker, 2009, Hierro 

and Maza, 2009), while others are focalized at explaining the differences in growth (Zagler, 2003, 

Guisan and Aguayo, 2004, Ezcurra, 2007, Lopez-Rodriguez and Faina, 2007, Dall'erba and Le 

Gallo, 2008, Esposti and Bussoletti, 2008, Le Gallo and Dall'erba, 2008, Mora, 2008, Mulas-

Granados and Sanz, 2008, Olejnik, 2008, Rodríguez-Pose and Crescenzi, 2008, Ezcurra, 2009a, 

Maza, et al., 2009, Becker et al., 2010). 

This paper will develop along the second highlighted line of research. We aim to understand 

growth facts in the context of growth theories. Along this line of reasoning, we will undertake an 

exploratory analysis of convergence, focusing β-convergence and σ-convergence, as well as 

examining the evolution of the cross-sectional distribution of per capita income, through stochastic 

kernels. After presenting the different notions of convergence available, alongside with some 

aspects of growth econometrics and empirics, the empirical study will be presented aiming to 

uncover the regional convergence features of 19 European countries, using as regional units the 

European NUTS 2 definition. The methodology for the distribution dynamics approach draws 

heavily on (Magrini, 2007) and the empirical study is supported upon data for 1991-2008, retrieved 

from Cambridge Econometrics. 

The results point to an overall process of regional convergence within the covered regions, 

following Marelli (2007). If this result is in line with the literature, our evidence on income per capita 

discloses a long run tendency to cluster across a wide set of values. Our evidence does not 

confirm the bimodal ergodic distribution detected by Basile (2009), while studying a sample of 15 

European countries, or the unimodal ergodic distribution pointed out by Ezcurra (2007), based on a 

sample of 25 European countries. Nonetheless, in the long run the results we present are 

consistent with the existence of the so-called `convergence clubs', even if the set of clubs is 

somehow blurred. 

The paper is organized as follows. Section 2 presents key theoretical aspects on 

convergence concepts. In Section 3, an account of the methodology and data used is provided, as 

well as a presentation and discussion of the obtained results. In the final section some conclusions 

are drawn. 

II.2. Conceptualizing the convergence process 

In the last half of the past century, the theoretical literature on economic growth has gone 

through several phases. Between the late 50s and the mid-80s, the literature was dominated by the 

Solow-Swan exogenous growth model, usually labelled as the neoclassical growth model. In the 
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mid-80s, after Romer's (1986) contribution, the literature on economic growth refocused its 

attention with the introduction of the so-called endogenous growth theory and the subsequent 

discussion about the validity of the alternative theories. A central issue under discussion was 

whether income levels of poorer countries or regions were converging to those of richer ones. 

Hence, the undertaken empirical work on economic growth targeted the relative roles of factor 

accumulation and technical change in explaining growth trends. 

Within the neoclassical growth framework, the diminishing marginal returns of capital was a 

crucial hypothesis to explain why richer economies would grow more slowly than poorer ones, 

where capital accumulation would still be under way. Based upon that assumption, the long run 

growth rate would rely only on the rate of technological change which is exogenous, ceteris paribus 

- i.e. assuming a constant population. Hence, the growth rate would be independent of any 

economic behaviour and this would imply that economic policies would only produce temporary 

effects upon economic activity Cuaresma et al. (2008). While assuming that all countries or regions 

share in the technology progress equally, this approach established a negative relationship 

between the growth rate of per capita income and the initial level of per capita income. 

The endogenous growth approach, relying on constant or increasing marginal returns to the 

factors as a fundamental hypothesis, assigns a central role to capital formation - empirical evidence 

points to a strong association in the data between investment and growth. Within this framework 

the concept of capital is no longer confined to the physical capital as in the neoclassical model, but 

it encompasses intangible capital, thus including human skills and the stock of knowledge. This 

wider concept plays an important role in the growth process because it reflects the response of 

economic actors in a competitive environment. Hence, technology became endogenous and 

subject to decision-making processes of individual agents. A set of endogenous factors - such as 

innovation, scale economies or learning processes - may produce externalities that spillover to the 

economy. A distinct role for government policies comes out with this approach, since public 

intervention should be designed to increase the accumulation of those factors that are responsible 

for generating externalities. Within this framework the convergence of per capita income between 

economies is no longer an inevitable outcome. There is a possibility for a country or region to go 

through a divergence process, in which the economy is "stuck" in a poverty trap, with low GNP per 

capita and low growth. 

Islam (2003) noted that the debate over neoclassical growth theory and endogenous growth 

theory led to many different interpretations of convergence. We will start by focusing the concepts 

of β-convergence and σ-convergence, which represent one of many dichotomies that arose in the 

literature - see Islam (2003). After the discussion of these notions, we will close attention on the 

income distribution details, following Quah's (1996b, 1997) approach. 

II.2.1.  -convergence 

The convergence hypothesis is based upon the neoclassical growth models of Solow (1956) 
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and Swan (1956). Drawing upon the presentation by Barro and Sala-i-Martin (1999), the main 

features of the neoclassical growth framework can be summarized as follows: 

 A closed economic system is assumed, where physical capital (K) and labor (L) are 

employed in the production of a homogeneous consumption good (Y) using a production function, 

which is twice differentiable, homogeneous of degree 1, increasing, jointly concave in all its 

arguments and strictly concave in each. 

 Defining the effective amount of labor as tALL ~
, where the level of technology is 

represented as t
t eAA 

0  (i.e. it grows exponentially at the exogenously given rate μ), and 

defining  physical capital and output per capita of effective labor as 
L

K
k ~  and   

L

Y
y ~ , the 

resulting production function including labor-augmenting technological progress is represented by 

 kfy  . 

 Under the framework of Solow and Swan, an exogenously given fraction of output is saved 

and invested in new physical capital while the remaining output is consumed, and the system 

exhibits stability, since the economy converges to a steady state equilibrium. In this position, the 

exogenous rate of technological progress will set the growth of the level of income per capita, the 

consumption per capita and the capital-labor ratio, assuming that effective labor per unit is 

constant. 

Income convergence can be the outcome of two different processes: capital deepening; and 

technological catch-up. The approach of total factor productivity (TFP) convergence was pioneered 

by Solow and is usually known as "growth accounting". The idea beneath this approach is based 

on the process of technological catch-up and TFP represents the closest measure of technology. 

The aim of this approach is to estimate the relative portions of variation in cross-country output per 

worker that can be assigned to variation in factor accumulation rates and that accrues to total factor 

productivity. Therefore, convergence can be thwarted or accelerated depending upon the evolution 

over time of the gap between initial TFP differences. Evidence seems to point to differences in TFP 

as the main explanation of the variation in per capita income levels or in growth rates. However, 

this approach has specific problems, namely the usually assumed form of the aggregate production 

function or its inability to account for spillovers. 

The term  -convergence denotes the negative correlation between the growth rate of per-

capita income over a given period of time and the initial per-capita income level. If the convergence 

is conceptualized in this way, the sign of the initial income variable in the so-called growth-initial 

level regression captures the negative correlation just mentioned. That regression is derived from 

the transitional dynamics of the model with Cobb-Douglas technology, through a Taylor series 

approximation around the deterministic steady state, which yields: 
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where denotes the level of output per capita at an initial time, stands for the level of output per unit 

of effective labour that will be reached in the steady state and μ represents an error term that 

accounts for unpredictable effects on the growth rate. The average growth rate of per capita 

income over the period T (where 0T ) starting at moment 0, is: 
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Hence, ceteris paribus, the average growth rate of per capita income is negatively related 

with its initial level, and it is conditioned on the exogenous growth rate of technology, on the steady 

state value of income per effective worker, and on the initial level of technology. Since the 

conditioning factors have an unknown form, the so-called growth-initial level regression usually has 

the following specification proposed by Barro and Sala-i-Martin (1991, 1992): 
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where tiy ,  stands for per capita income of economy i (i=1,..., N) at the moment t, t is the time 

length and i  represents an error term that accounts for unpredictable effects on the growth rate. 

It must be noted that: 
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where g  stands for the rate of technological change, *y  denotes the steady state income level, A0 

is the initial technological level,   the income elasticity to capital, n the population growth rate and 

  the capital depreciation rate.   has been known in the literature as the rate of convergence, 

since it gives the mean speed at which the gap between the steady state and its current level is 

being closed. "Half-life" is a measure of the time the representative economy needs to halve the 

gap between initial and steady state levels. 

The introduction of the  -convergence concept drives to an important conceptual 

distinction: there is a need to distinguish unconditional (or absolute) convergence from conditional 

convergence. From the above analysis, it is possible to derive a function for the steady state 
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income level that shows its dependence on g,  , n,  , 0A  and also upon the investment rate (for 

easiness,   is a vector that combines these parameters). If all elements in   are the same for all 

economies considered, the target notion of convergence will be that of unconditional (or absolute) 

convergence. Hence, the economies under study would have similar structures, i.e., identical 

features for consumer preferences, technologies, economic policies, as well as technological 

change and savings. 

The concept of conditional convergence generalizes the absolute convergence approach by 

allowing differences in the steady states across economies. The idea is that independent 

economies will display diminishing initial income differences only if the steady states differ less than 

the initial incomes. The possibility of income gaps arises when that does not happen - this is likely 

since each economy converges independently from the others to its own steady state. This 

approach requires an appropriate set of variables to be included in the previous equation (3( in 

order to control the differences - see equation (8). 
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where X stands for the set of explanatory variables that are the steady state determinants. For 

instance, Karras (2008) presents empirical findings that clearly reject absolute convergence in 

income per capita but are very strongly supportive of conditional convergence. 

One must notice that X represents those growth determinants that lie outside Solow and 

Swan's approach (Durlauf, et al., 2005). Therefore, standard neoclassical growth models imply 

unconditional convergence. Withal, equation 8 represents the baseline for much of growth 

econometrics and, due to the lack of theoretical support; the literature unfolded a large number of 

potential growth regressors and an intense debate over their appropriateness. Public consumption, 

public investment or human capital are variables commonly used in the literature. But other proxies 

are being reported as well (Durlauf, et al., 2008), such as economic institutions, legal and political 

systems, climate, geographic isolation, ethnic fractionalization, or culture. 

The  -convergence concept encompasses another relevant dimension for the 

understanding of convergence. We already covered the notions of unconditional convergence and 

conditional convergence. The first one implies one equilibrium level to which all economies close 

in. The latter involves different equilibria for each economy, since each one approaches its own 

and unique equilibrium. Hence, there might be space in this second view to conceive the possibility 

of a group of countries approaching a particular equilibrium if they share initial attributes that 

correspond to that equilibrium. In this case, the sense for the term convergence is that of club (or 

local) convergence and the model should yield multiple equilibria. 
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II.2.2.  -convergence 

An alternative strategy for the empirical research is to focus upon the distribution of incomes 

as the unit of analysis, instead of individual economies themselves. Hence, the attention would be 

on the shape of the income distribution as a whole, rather than on the relative locations within the 

distribution. 

Several methods have been employed to the distribution's analysis. Initially, the research 

focused on how the dispersion of income differences developed over time. This notion of economic 

change, known as σ-convergence, occurs if the cross-sectional standard deviation of per capita 

income ( ) is falling over time. Hence: 

01  tt   (9) 

This notion continues to deserve attention until now, as it is shown by Villaverde (2006) and 

Young et al. (2008). Villaverde (2006) focuses on the Spanish regions to conclude that the high 

level of persistence justifies the need for a regional policy. The latter is centred on the so-called 

Gallon's fallacy, which states that  -convergence implies σ-convergence. The work of Young, et 

al. (2008) adds new evidence to this discussion, based upon a very large dataset. The fallacy has 

been proved erroneous, however, as these authors note once again;  -convergence is a 

necessary but not sufficient condition for σ-convergence. 

Unlike  -convergence, statistical tests for σ-convergence were not readily available. An 

avenue of research has been focused on identifying regression specifications to build inferences 

for  -convergence. However, great difficulties can be pointed out in interpreting tests of  -

convergence, since they assume that the data generating process is not invariant. Since evidence 

points to evolving distributions for the data, there is uneasiness about test distributions under the 

null hypothesis of  -convergence. 

Another issue that has deserved some recent attention is the formulation of a sensible notion 

of conditional σ-convergence. Durlauf, et al. (2005) calls attention for the need of such a 

contribution. Pfaffermayr (2009) defines conditional  -convergence as the average variance 

reduction of the predicted per capita income and introduces Wald tests for the conditional  -

convergence while using a maximum likelihood approach. 

II.2.3. Income distribution dynamics 

Although intuitively simple, σ-convergence has some limitations: it ignores other aspects of 

the income distribution, such as skewness and modality; and it masks churning processes and the 

mobility of individual economies, due to the undertaken aggregated approach. Therefore, more 

sophisticated approaches arose in the literature. An active area has been the estimation of income 

densities with a variety of parametric and nonparametric methods. The approach was introduced 
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by Quah during the 90s and uncovered two important stylized facts that need explanation from 

growth theory: there is persistence, i.e., most economies remain in the same position of the 

distribution; there is bimodality, i.e. as time goes by the middle range of the distribution gets thinner 

and the two tails pile up (see Quah, 1996b, 1997 for further details). 

One way to study the features of income distributions is by estimating income densities with 

stochastic kernels and by analysing their evolution over time. Rey and Janikas (2005) refer the use 

of stochastic kernels to study changes in modality, distributional mixing and stochastic dominance. 

Recently, Maza, et al. (2009) also apply stochastic kernels, although with a variant that was 

suggested by Hyndman, Bashtannyk and Grunwald, in 1996. This new approach is based on the 

estimation of the stacked density plot and highest density plot and aims to find variables that can 

partially explain differences in productivity whose nature was previously found persistent. One of 

the main results of the paper is that space matters, as well as investment per employee and 

compensation per employee. 

Another path for the study of the income distributions features is through Markov chain 

modelling. This technique can be viewed as a discretization of the income distribution into 

nonoverlapping income intervals, that will be used to estimate the probability for the transition of an 

economy that was on as interval to another one (or the probability for staying on the same interval) 

in a future time period. As pointed out by Rey and Janikas (2005), this methodology allows a new 

approach to the dynamics of the income distribution' features, such as the ergodic steady state 

income distribution, the transitional speed to the steady state distribution, the convergence and/or 

polarization tendencies and the identification of measures of intra-distributional rank and class 

mobility. Quah presented an alternative formulation designed to avoid discretization problems, 

since this methodology can arbitrarily alter the probabilistic properties of the data simply by 

changing the discretization scheme. Supposing a group of n economies and assuming that time t is 

continuous, the level of per capita income of economy i at time t,  tyi , can be transformed 

through its normalization with respect to the average level of per capita income for the set of 

economies under study at the same point in time (which is represented by  ty . Hence, the 

transformation is: 

   
 ty

ty
tx i

i  , with   ltxi   (10) 

Assuming a stochastic process   0: ttx  and denoting by  txF  the distribution of  tx  

and by  txf  a probability measure associated to  txF , the dynamics of the cross-sectional 

distributions of per capita income can be modelled as an autoregression such as: 

       


  dxxfAxMAflA txststx ,: ,  (11) 
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where stM ,  is a stochastic kernel that maps the density at time t into the density at time t+s, 

tracking where points in  txf  end up in  stxf  . It is also assumed that the sequence  0:, tM st  

is time invariant and that stochastic process is Markov. The operator stM ,  can be estimated 

through nonparametric methods. 

Carrington (2006) used Markov chain as a starting point and departed from the literature on 

convergence by applying second-order stochastic dominance (SOSD) analyses. Carrington claims 

that SOSD overcomes the disadvantages of Markov chain modelling, namely the distortions 

brought by the discretization. Moreover, according to Carrington, SOSD allows more links between 

economy theory and statistical measurement, although these relations are better suited for utility 

and choice problems than growth issues. For each pair of sets of income per capita 1X  and 2X , 

with cumulative distributions functions 1F  and 2F , the null hypothesis to test6  is: 

   







 duuFduuFH 210 :   for some   bax ,  (12) 

against the alternative: 

   







 duuFduuFH 211 :   for some   bax ,  (13) 

where  ba,  is the range of 1X  and 2X . One must note that this strategy also has its 

shortcomings, especially since it does not offer information over the magnitude and causes of the 

identified changes as well as it lacks an indication of the speed of change that the test is designed 

to detect. 

Rey and Janikas (2005) mention a final approach to distributional modelling, which is based 

on regression trees. Labelled as a less ad hoc methodology, this approach allows the identification 

of convergence clubs as well as parameter heterogeneity in the underlying growth models. 

A common critic pointed out to all the strategies for exploratory analyses of convergence is 

their disregarding for the implications of space. Spatial dependence has just begun to attract 

attention, as it is shown by Maza, et al. (2009). 

II.3. Empirical study 

This paper's approach to the convergence analysis is essentially exploratory, via the 

examination of the evolution of the cross-sectional distribution of per capita income, using 

stochastic kernels to describe both the change in its external shape and the intra-distribution 

dynamics. A detailed presentation of the distribution dynamics approach to be used will be 

delivered as well as information on the dataset. The results are presented afterwards. 

                                                      
6 The details of the test statistic are presented in the paper by Carrington (2006). 
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II.3.1. Methodology 

The approaches based upon the growth-initial level regressions have been thoroughly 

scrutinized by many scholars and their limitations have been emphasized. Magrini (2007) stresses 

two criticisms already pointed out: the models and the techniques discussed within those 

approaches produce results which are consistent with different explanations for growth, hence, the 

evidence gathered is of limited use due to its inability to discriminate between theories; the 

regression approach seems to produce little informative content, since it only describes how an 

economy converge to its own steady state, and nothing else. Moreover, this approach could be 

misleading, since the difference between conditional and unconditional convergence is not totally 

transparent, as some authors argue. These arguments support our option for this methodology. 

The distribution dynamics approach implies the estimation of the operator stM ,  highlighted 

above, from cross-sectional data on (relative) per capita income. The following presentation draws 

heavily on Magrini (2007). 

If x and x′ indicate generic values of respectively  tx  and  stx  , then  ',, xxp st  is a 

non-negative measurable function that integrates to 1. When the stochastic kernel  AxM st ,,  in 

equation (11) can be defined as the integral of  ',, xxp st  over the set A: 

   



 '',, ,, dxxxpAxM stst  (14) 

the transition density function associated with the stochastic kernel is  ',, xxp st . Hence, the 

dynamics in equation (11) becomes: 

       dxxfxxpxf txststx 


  ',' ,  (15) 

Solving the equation 15 for  ',, xxp st , yields: 

            


 

 




otherwise
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,  (16) 

and, therefore it is the probability density function of  stxi   conditional on  txi . An estimate of 

the stochastic kernel can be obtained by dividing the estimate of the joint probability density 

function    stxtxf ,  by the estimate of the marginal probability density function  txf : 

   
   

 tx

stxtx
sxstxst

f

f
fp

ˆ

ˆ
ˆˆ ,

,,


   (17) 

As pointed out before, there is a simple technique to proceed with the estimation, which is 

through the discretization of the income distribution (for instance, via the histogram). However, this 
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technique has been ruled out due to its statistical inefficiency, especially if compared with other 

nonparametric estimators. As noticed before, such a discretization scheme can arbitrarily alter the 

probabilistic properties of the data. 

In face of such critical remarks, the option would be to leave aside the discretization 

methodology and opt to estimate the stochastic kernels through kernel density estimators. Within 

this view, the stochastic kernel is interpreted as a transitional matrix with a continuum of rows and 

columns and the densities in equation (17). The analysis of convergence will be based on the 

shape of a three-dimensional plot: 

 The main diagonal highlights persistence properties, hence the concentration along this 

line signals those elements of the cross-sectional distribution that remained where they started; 

 The concentration around the 1-value of the time t + s axis and parallel to the time t axis 

signals the tendency towards convergence; 

 The presence of separate modes (one, two or more) signals the tendency towards 

polarization. 

The technical procedures on kernel density estimators and on the estimating procedure 

follow Magrini (2007). The bivariate kernel estimator employed to estimate the joint probability 

density function of  tx  and  stx   becomes: 

 

   
   

   
 


  




















 









 


n

i stx

i

stxtx

i

tx
x

iiii
h

stxstx
K

hh

txtx
K

hn
f

1

111ˆ  (18) 

where  txi
h  is the bandwidth and K the kernel function (which is the bivariate Gaussian kernel 

function). One must note that the choice of the bandwidth matrix is quite crucial and there are still 

academic efforts to optimize its value. 

II.3.2. Data 

The dataset, retrieved from Cambridge Econometrics, displays the regional Gross Value 

Added (GVA) per capita as the income variable and spans the period 1980-2008 for the 252 

NUTS7 from 19 different countries8. This sample figures are in millions of Euro constant prices, 

constant Purchasing Power Parities (PPP), for base year 2000. 

The selection of countries in the sample was linked to data availability, since it was 

necessary to balance a wider regional coverage with a longer time frame track. Nonetheless, the 

                                                      
7 Usually data is based on the Nomenclature of the Territorial Units for Statistics (NUTS) established by 
Eurostat, namely the NUTS-2 level, which stands as the common level of classification for the empirical 
analysis seen in the literature. However, some authors claim that, for some countries, NUTS-2 may not be 
adequate as an administrative level. 
8 The set of countries is: Austria, Belgium, Switzerland, Germany, Denmark, Spain, Finland, France, Greece, 
Hungary, Ireland, Italy, Netherlands, Norway, Poland, Portugal, Romania, Sweden and United Kingdom. 
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countries selected may provide interesting insights over possible dichotomies on the performance 

paths of European countries, such as North-South or East-West dichotomies. 

As for the source of the data, Cambridge Econometrics provides datasets which are based 

mainly on information supplied by REGIO, the Eurostat regional database. Unfortunately, REGIO's 

data displays serious handicaps in some respects. Cambridge Econometrics, through data 

retrieved from national statistics institutes and with the use of interpolation methods, was able to 

complete REGIO database. Hence, the popularity of this dataset in the literature - it offers a 

complete series of regional data for a sufficient number of NUTS2 regions over time. 

Basile (2009), Bosker (2009), Ezcurra and Rapun (2006, 2007), Fotopoulos (2008), Hierro 

and Maza (2009), Maza, et al. (2009) and Villaverde and Maza (2008) also conducted empirical 

studies based on datasets provided by Cambridge Econometrics. Except for Ezcurra and Rapun 

(2007), those studies used samples which comprised 15 or less European countries. The only 

exception focused 25 countries. 

II.3.3. Results 

Our analysis focused initially on β-convergence. The results for the period 1991-2008, 

displayed on table II.1, are in line with those presented in the literature, according to the survey by 

Dobson, et al. (2006). The estimation results signals the presence of a process of unconditional 

convergence across the European regions under study, with an estimated value  

Table II.1: β-convergence over the period 1991-2008 

Variable Coefficient t-statistic t-probability 
Constant 0.107822 12.643066 0.000000 

Initial -0.158242 -10.485122 0.000000 
    
 Ordinary least-squares 

estimate of beta 
 

 beta = 0.0101  
 half-life = 68.4041  
    
 Non-linear least-squares 

estimate of beta 
 

 beta = 0.0101  
 half-life = 68.4041  

 

Table II.2: σ-convergence over the period 1991-2008 

 initial year final year 
coefficient of variation 0.0748 0.0634 

standard deviation 0.7167 0.6271 
mean 9.58 9.90 

  
TEST value p-level 

T2 53.96 0.000000 
T3 4.50 0.000003 
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of the rate of convergence towards the common steady state of 1,01% and with the correspondent 

half-life of about 68 time periods. 

Table II.2 reports the standard deviation and the variation coefficient of the two series, in 

order to analyse what happened to  -convergence. The table reported two test statistics used by 

Magrini (2007), which were proposed by Carree and Klomp. Both statistics show that the variance 

has decreased. Since both test statistics display low p-values, our confidence on the assertion of 

decreasing variance is strong. Hence, there is unambiguous evidence in favour of both 

unconditional  -convergence and unconditional  -convergence. These results are in line with 

those by Marelli (2007), who did report a reduction of disparities (for both sigma and beta 

convergence). 

 A remark must be made over these results. According to Le Gallo (2004), Battisti and Di 

Vaio (2008), Fotopoulos (2008), Frenken and Hoekman (2006) and Maza, et al. (2009) the 

geography has an important role in the convergence process. Moreover, as pointed out by Dobson, 

et al. (2006), one should use spatial econometric methods when cross-national studies are run. 

Without a proper assessment of space, the confidence over the above conclusion on convergence 

diminishes. Despite this, one must bear in mind that (Frenken and Hoekman, 2006), based on their 

empirical evidence, pointed out that usual convergence conclusions old when a spatial econometric 

perspective is adopted. Also, Le Gallo and Dall'erba (2008) state that, while undertaking a σ-

convergence, the conventional approach and the spatial one do not produce contradictory 

conclusions. 

The estimates for the different density functions for 1991 and 2008 are shown in figure II.1. 

Figure II.1: Estimated density functions for 1991 and 2008 ln GDPpc 
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In 1991 two modes could be identified. As in Ezcurra and Rapun (2007), besides the main mode, a 

second mode can be identified with a lower level of income. By 2008 those modes still persist, 

even though with less mass around the lower mode and with the first mode with slightly more mass 

and a little far away from the lower mode (figure II.A in appendix also displays a similar pattern). 

This may be an indication that the regions at the bottom of the distribution are converging towards 

a lower GVA per worker level than the rest of the sample, which would be consistent with the 

existence of the so-called `convergence clubs'. Hence, for now, our conclusion is quite similar with 

that taken by Ezcurra and Rapun (2007), as well as the one by Fischer and Stumpner (2008). 

Fischer and Stumpner focused on a sample of 27 European countries with data retrieved from 

Eurostat for 1995-2003. We must stress that those authors used a different kernel estimator from 

ours. 

Now we will focus on the intra-distribution mobility during the study period, in order to 

address the issue of mobility of relative positions over time and assess the validity of the first 

impression retrieve from the analyses of β and σ-convergence, which was the tendency to 

decreasing disparities between European regions. Figure II.2 displays the non-parametric estimate 

of the stochastic kernel for the transition dynamics across European regions throughout the study 

period. Figure II.3 shows the contour plot of EUR-19 relative regional income distribution, along 

which the lines connect points at the same height on the three dimensional kernel of figure II.2. 

As shown in figure II.2 and especially on figure II.3: 

 a large portion of the probability mass is concentrated on the diagonal (the width of the iso-

probs is very tiny for higher probability mass), signaling a limited degree of intra-distribution 

mobility, which implies that the European regions tended on the whole to maintain their relative 

Figure II.2: Stochastic kernel of EUR-19 relative regional income 
distribution for 1991-2008 
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positions over the study period. Overall, as in Hierro and Maza (2009) and Le Gallo (2004), the 

results seem to display a high level of persistence; 

 the peaks of the stochastic kernel lie beneath the main diagonal, which means that the 

regions registered relatively greater growth rates between 1991 and 2008. This confirms the 

convergence process which was mentioned previously, along with the analysis of β-convergence; 

 three peaks are well identified. Those three modes reveal a tendency towards polarization, 

as mentioned by Fotopoulos (2008). 

Figure II.4 displays the initial distribution of income per capita against its ergodic distribution 

for 1991. The ergodic distribution allows the identification of long-run properties of the observed 

distribution dynamics. Before analysing the results, one must keep in mind that the ergodic 

distribution depicts what the distribution would look like in the long run if current conditions 

remained the same. Also, even though the ergodic distribution represents how regional income per 

capita develops around its mean, it does not say anything about the mean itself. When 

comparisons are made between the ergodic distribution and the distribution in 1991, conclusions 

can be drawn on the concentration/deconcentration patterns in regional income per capita, based 

upon current trends. Hence, assuming current trends continue, the shape of the ergodic distribution 

suggests that in the long run: 

 it seems less probable that further improvements on convergence can be attained. The 

ergodic distribution is not tighter than the initial distribution, hence the following anticipation: the 

regions would not look more alike in the future than in the past. A closer attention to the evolution 

of the ergodic distribution across the two decades (see appendix, figure II.B) accentuates the 

Figure II.3: Contour plot of EU-19 relative regional income distribution 
for 1991-2008 
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highlighted results. This result follows Ezcurra and Rapun (2007), when they state that their 

evidence indicates that the convergence process detected between 1991 and 2003 will not persist 

indefinitely, and contrasts with the conclusions gathered by Bosker (2009) and Fischer and 

Stumpner (2008); 

 an overall growth process is underway in Europe. The ergodic distribution presents a 

thicker upper tail than the actual distribution for the year at hand, hence in the future more high 

income per capita regions would be expected; 

 there is the potential for the development of various regional clusters or convergence 

clubs. The ergodic distribution does not present a `hat shape' or a `bell shape'. Instead, it displays 

a right skewed form with a distinctly fatter upper tail - the mass of the distribution is concentrated 

on the left of the figure III.10 and this pattern is also visible in figure II.B (see appendix). Hence, 

one can identify an increasing presence of regions with a high income per capita, signaling more 

concentration in the future but over a wider array of values in comparison with the initial situation. 

The evidence of a right skewed distribution for the ergodic distribution is not usual in the 

literature on European regions - at least, the one we are aware of. In Basile (2009), Fischer and 

Stumpner (2008) or Fotopoulos (2008), the ergodic distribution showed a bimodal structure; 

although their shape suggested that regions would look more alike in the future than in the past. 

Ezcurra and Rapun (2007) estimated an ergodic distribution that behaved in a quite normal way, 

although with a conclusion quite similar to ours, as mentioned previously. Our ergodic distribution 

points to a long run tendency that can accommodate more than two modes, hence we could think 

of a future European regional growth process with several velocities - this is an issue that deserves 

Figure II.4: Estimated ergodic density and initial distribution of regional 
income per capita in 1991-2008 
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further attention. Are there clusters of regions in formation? Do these clusters already have 

different dynamic features? Moreover, do the regions that belong to the different clusters have 

specific characteristics? These questions should be addressed in a subsequent research. 

A final set of remarks over the reliability of the results are in order. First, our analysis draws 

heavily on Magrini (2007) approach, which means that the differences we are reporting could be an 

outcome of the differences in the estimators being used. Second, our sample is different from all 

the others we mentioned along the paper, both in the number of countries and in the time frame 

covered. Surely this fact affects the estimations and should deserve a closer attention - we are 

already drawing on this subject to assess the robustness of our estimates. Finally and recalling 

Geppert and Stephan (2008), the reduction of income disparities is a phenomenon between nation, 

but not between regions within the EU countries. Even if our evidence is not in line with that 

argument, our results might be an outcome of assuming as isolated units the various regions under 

study, i.e., we are ignoring the spatial characteristics of the data and the potential role of the 

geographical setting in shaping economic growth. Hence, this issue should deserve further 

attention as posit by Le Gallo (2004), Frenken and Hoekman (2006), Battisti and Di Vaio (2008) or 

Maza, et al. (2009). 

II.4. Conclusion 

In this paper we dealt with European regional convergence in the period 1991-2008, 

focusing a sample of 252 regions at NUTS-2, taken from 19 European countries. In this stage of 

our research, our focus was not upon the validity of formal growth theories, hence we did not draw 

any confirmatory analysis to test a specific econometric relationship. Instead, our idea was to 

generate hypotheses about the underlying dynamics of the economic system, consequently the 

undertaken study had an exploratory nature. After covering theoretical issues related to the notions 

of convergence we were interested in - concepts of β-convergence and σ-convergence - we closed 

attention on the income distribution details. The empirical study followed the distributional dynamics 

approach, with the application of the methodology by Magrini (2007). Our analysis draws heavily on 

Magrini's proposal, namely his kernel estimator. 

Recalling Capello (2008), answers for convergence problems on one hand and endogenous 

determinants of regional growth on the other are needed, therefore these matters should be on the 

research agenda, especially on that of regional scientists. The approach proposed in this paper 

follows this path, since it aims to shed new light over the growth process underway in Europe. The 

evidence confirms some results presented elsewhere, such as the trend towards polarization or the 

high degree of persistence of the relative region's position and, last but not least, the admissibility 

of the 'convergence clubs' hypothesis. The main novelty of our paper is the estimated shape of the 

ergodic distribution of the income per capita. Even though the estimated density functions are in 

line with those presented in the literature, and consequently corroborate the 'convergence clubs' 

hypothesis, the right skewed ergodic distribution of income per capita points to a long run trend 
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towards a wider set of high income per capita regions, signalling the possible formation of new 

clusters, i.e. more groups of economies that present homogeneous economic growth patterns and 

which converge towards a common steady state. In this context, it is possible the establishment of 

several long run poles of attraction. As Ezcurra and Rapun (2007), our evidence also signals that 

the convergence process might not persist indefinitely and raises the possibility of transience in the 

catching-up process underway in Europe. Drawing on the exploratory study just presented, further 

research should be placed on the clusters of European regions on the field, namely on their 

dynamic features and on the characteristics of their elements. 

We will end up with three final notes on the reliability of our results. First, our analysis is 

drawn upon a different estimator, taken from Magrini (2007). Hence our specific result on the 

ergodic distribution could be an outcome of our approach. However, we do not believe this, since 

all our results are in line with those in the literature. Second, the specific sample we use is different 

from all the others mentioned in the literature, both in the number of countries and in the time frame 

covered. We are aware of the fact that this departure inevitably impacts the estimations, and 

consequently we are already evaluating the robustness of the estimates to changes in the sample - 

including both factors, i.e. the regions and the time frame. Finally, we acknowledge the 

recommendations by Le Gallo (2004), Frenken and Hoekman (2006), Battisti and Di Vaio (2008) or 

Maza, et al. (2009). Our results might be an outcome of assuming as isolated units the various 

regions under study, i.e., we are ignoring the spatial characteristics of the data and the potential 

role of the geographical setting in shaping economic growth. Hence, this issue should deserve a 

closer attention. 
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II. Appendix: figures 

 
 
 
 
  

Figure II.A.3: 2000 and 2005 ln GDPpc Figure II.A.4: 2005 and 2008 ln GDPpc

Figure II.A.1: 1991 and 1995 ln GDPpc Figure II.A.2: 1995 and 2000 ln GDPpc

Figure II.A: Estimated density functions 
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Figure II.B1: Estimated ergodic density and initial 
distribution of regional income per capita in 
1991-1995 

Figure II.B.2: Estimated ergodic density and 
initial distribution of regional income per 
capita in 1995-2000

Figure II.B.3: Estimated ergodic density and 
initial distribution of regional income per 
capita in 2000-2005

Figure II.B.4: Estimated ergodic density and 
initial distribution of regional income per 
capita in 2005-2008

Figure II.B: Estimated ergodic density and initial distribution of regional income per capita 
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III. Regional profiles of specialization and 
growth in Europe9 

II.1. Introduction 

Empirical research in spatial economics is a burgeoning field of research. Of particular 

interest has been the European Union (EU) experience, especially due to the tensions arising 

between the deepening of the integration process and the widening of the EU membership. 

Whereas the deepening calls for a greater homogeneity between the regions of the EU members - 

illustrated on the EU convergence goal - the widening brings an increasing diversity to the EU 

space. Hence, the undergoing process of integration in Europe has driven the researchers' 

attention to its impacts over the patterns of regional economic development. 

One of the undertaken approaches looks at the regional convergence of incomes. Within this 

view, attention has been given to the possibility of groups of regions undertaking growth paths that 

drift them apart or that put them at risk of falling systematically behind, with no chance of catching 

up. The literature on this perspective is large and uses several methodologies and distinct concepts 

- see Islam (2003) for a survey on this. The bulk of this view is about the convergence of per capita 

income. For instance, Andrade, et al. (2010), while covering the EU regional growth evolution, 

confirm some results presented elsewhere, such as the trend towards polarization or the high 

degree of persistence of the relative region's position and, last but not least, the admissibility of the 

'convergence clubs' hypothesis, which implies that there are clusters of regions with distinct growth 

trajectories between them but whose members display a common growth pace. 

Pinho, et al. (2010) presented evidence of the presence of polarization processes giving rise 

to the formation of several internally homogeneous clusters of regions – their estimations point to 

the existence of six convergence clubs in terms of European regional per capita income. Our 

present approach is grounded on this finding given that the 'convergence clubs' hypothesis implies 

that long-run regional convergence occurs between economies that share common structural 

characteristics. We hypothesize that this homogeneousness is related with the regional pattern of 

economic specialization; hence we will assess the role of the regions’ specialization profiles on the 

European regional growth process. 

The assessment of the hypothesis is based on an Exploratory Spatial Data Analysis. The 

presence of agglomeration economies and their effects on productivity – and subsequently on 

regional growth – will produce effects across space. We recall that the issue of agglomeration 

economies is linked to the debate over the optimal strategy to promote sustained growth, which 

has produced at least two views. One is based on the popularized idea of industry or sector 

                                                      
9 Published in conference proceedings as Pinho, et al. (2012). 
 

The authors would like to thank an anonymous referee for helpful comments and suggestions. 
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clusters (henceforth specialization), while the other proposes the diversification of a region’s 

economic base (henceforth diversity). The idea of clusters implies building a path to specialization 

in a few sectors, since it would be likely that companies come close to each other to share their 

suppliers and customers as well as to share knowledge and know-hows. The diversifying view 

purports that diversification is better suited for sustained economic growth, since it generates 

knowledge spillover across unrelated sectors that increase the ability of local actors to surpass 

downturns when technology and/or economic conditions change. 

Focusing on specialization and diversity, a flip side of diversity is specialization. Building up 

agglomeration in one industry implies the unintentional effect of lessening economic diversification, 

as stressed by Shuai (2013). The specific way in which the interactions are put in motion are 

important in shaping a region’s economic structure and evidently have implications for the policy 

design aiming to foster regional growth. 

The estimated results are used to think over the development strategies set in motion around 

Europe. The comparison of the patterns of economic structures with the spread of regional growth 

is carried out to discuss public policy design, namely the incentives to develop regional clusters of 

activities. 

The paper is organized as follows. The next section deals with the measures for 

specialization and diversity as well as with the analytical framework to undertake the study. 

Afterwards, specific attention is given to the evaluation of the profiles of economic activities within 

each region. Then, an account of the data used is provided and an explorative spatial data analysis 

is conducted. In the final section some conclusions are drawn along with a discussion of the policy 

implications. 

III.2. Appraising Diversity and Specialization 

As it was mentioned previously, if a region specializes in a given activity it ends up with the 

unintentional effect of lessening economic diversification. This point was highlighted by Shuai 

(2013), who argued that the specific interactions between diversity and specialization shape a 

region’s economic structure. Moreover, local competition also impacts these interactions, with 

subsequent developments in the regional economic structure that sets in. 

The literature has dealt with these issues and the risen hypotheses are summarised in Table 

III.1.  As  the  table highlights,  the hypothesized  impacts on  growth are distinct.  Moreover,  the 

Table III.1: Hypothesis for the effect of agglomeration externalities on growth 

 MAR Porter Jacobs  
Specialization + + –  
Diversity – – +  
Competition – + +  
Source: Adapted from Van Oort (2007), de Groot et al. (2009) and de Vor and de Groot (2010)  
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estimated results found in the literature are not conclusive over these hypotheses. While reviewing 

the literature, Rosenthal and Strange (2004) pointed out that, even if the studies departed from 

different specifications and considered a variety of industries, the results together strongly suggest 

that diversity is helpful. In a subsequent paper comprising a meta-analysis of 31 papers covering 

the period 1992-2006, de Groot, et al. (2009) found most clear-cut evidence for a positive effect of 

diversity, thus adding evidence in support of Jacobs’s view. However, regarding the effect of 

specialisation, the gathered evidence seems to be highly ambiguous, with no clear-cut results. As 

for the evidence about the impact of competition on growth (de Groot, et al., 2009, notes that 

several measures have been used to appraise it, among which the number of establishments in a 

sector and the inverse of the average firm size in a sector), although less conclusive, the results 

point out to a positive impact. 

In contrast with the results just mentioned, Bishop and Gripaios (2010) suggest that the 

impact of diversity is heterogeneous across sectors and that strong local competition has a typically 

positive impact, whilst specialization has a generally negative impact on growth. In this light, the 

role of diversity is not established yet. However Shuai (2013) stresses that the patterns of industry 

structural change are complex, since they result from the interactions between specialization and 

diversity. In this development process, Shuai called attention to the role of initial conditions. He 

noticed that a region that departs with low economic diversity is more likely to intensify its 

specialization in a process that can put that region in a development trap, whereas a local that 

starts with high diversity will probably build up a more consistent industry structure, since 

specialization and diversity tend to offset each other. Within this context the notions of diversity and 

specialization have to be carved out.  

With regard to diversity, one can find several measures proposed in the literature. Wagner 

(2000) compared and contrasted several of the proposed measurements used to devise the 

relation between diversity, growth and stability. Dissart (2003) also reviewed the literature on 

diversity. His approach aimed to evaluate the linkage between diversity and economic stability, with 

the later understood as the degree of employment fluctuations. Mack et al. (2007) revisited once 

again the classic indices of industrial diversity to evaluate their applicability for benchmarking local 

and regional economies.  

The measures commonly calculated to grasp diversity are based on certain standards. The 

Ogive index, the Herfindahl index or the Dixit-Stiglitz index use as standard the equal-proportional 

levels of all activities. Hence, their value for the highest degree of diversity is achieved when a 

sector has an equal share in total employment. The National average index or the Hachman index 

use as standard the national economic structure, hence the closer is the regional structure to the 

national one the higher is the level of economic diversity. There are other indices, such as the 

Input-Output index or portfolio variance measure, however they require more data than the one 

usually available (Mack, et al., 2007). 
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The choice of the standard is not innocuous. The diversity measures which are based on 

equal-proportionality have been questioned both theoretically and empirically due to the 

arbitrariness associated with this choice. As pointed out by Wagner (2000), there is no rationality in 

giving to each economic activity an equal share, since there are differences in productivity and 

labour requirements impacting the economic structure that develops in. Therefore, resorting to the 

national economy as a benchmark is appealing. However, since the economic space under 

attention spans over several European countries, the benchmark would have to encompass all the 

regions under study. Hence, the standard will be the European economic structure. This option 

becomes theoretically more appealing if we consider that the structure in this larger space is better 

equipped to meet the consumer demand of products and services than smaller regions (countries 

or local economies) – it must be recalled that in the European context, intra EU trade has been 

dominating the foreign trade of each of the member states. 

As in Shuai (2013), the chosen measure is the Hachman index, whose formula is given by 

expression 19 (adapted from Hachman, 1995). By construction, this index entails a relationship 

with the location quotient, which is one of the available measures to appraise specialization. 

Moreover, it captures the inverse linkage between diversity and specialization, i.e. the greater the 

diversity the lower the specialization. Hence, there is a direct link between the two externalities, 

which renders the theoretical analysis of their interaction easier to derive analytically. 

∑ ∗
 (19) 

 represents the total employment in activity  for region , and  denotes global 

employment in activity . As it was already stated, this measure is the inverse of the mean location 

quotient for a region, with the weights equal to each activity's employment share. 

As noted, externalities coming from specialization are to be appraised through the location 

quotient, which is calculated as in expression (20). This index measures the degree to which an 

economic activity is concentrated in a region relative to that of an overall space, which is usually 

the nation. If this measure is greater than 1, then the sector has more importance than it has in 

proportion to the space reference (the overall territory), and therefore that specific activity is 

overrepresented in the region at hand. If this measure displays for a certain sector a high relative 

concentration in a given region that does not mean that the specific region is preponderant for the 

sector but only that there is a pole of relative concentration in the sector. 

 (20) 

It must be acknowledged that in the literature many indices have been proposed to evaluate 

geographic concentration/dispersion. Arbia and Baltagi (2009) and van den Heuvel et al. (2010) 
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distinguished the proposed measures based upon their ignorance (or explicit consideration) of the 

spatial relationship between the sub regions. Hence, the indices could be categorized as a-spatial 

(although they are still spatial concentration measures) or spatial. Delgado and Godinho (2011) 

reviewed some indices of the so-called a-spatial measures, pointing out that they could be 

computed as absolute or relative measures - the former compares a distribution to the uniform 

distribution, while the latter encompasses comparisons with a non-uniform distribution. Fratesi 

(2004) and Bickenbach and Bode (2008) also reviewed both a-spatial and spatial measures, as 

well as Combes et al. (2008). The location quotient falls under the measures labelled as a-spatial. 

In spite of the handicaps mentioned in the literature for this sort of measures, it has the advantage 

of highlighting the linkage to the diversity measure described previously. 

The hypothesis under study, as already noted, implies that there is some role of the regions’ 

specialization profiles on the European regional growth process. Hence, attention must be paid to 

the homogeneousness of the regional pattern of economic specialization, since regional 

development is dependent on the specific mix of economic sectors set in some area. This research 

adds to the literature by calling attention to the role of this mix. A categorical variable is computed 

to describe the profile of economic activities set out in the region under attention. This profile is 

constructed with the location quotient of each region for a long period of analysis. The kind of 

approach has already been used by Shearmur and Polese (2005, 2007) to study Canada’s regional 

growth pace. Recently, Capello et al. (2011) and Fratesi (2012) used a procedure which resorted to 

the location quotient of each region as a first step to build a taxonomy of European regions. 

III.3. Profiles of economic activities 

To establish a typology of European areas by structure of economic activities, data was 

retrieved from Cambridge Dataset for the period spanning from 1980 to 2007. The sample 

comprised 211 European regions using the NUTS 2 classification scheme. For each of such 

regions, data on employment for seventeen sectors was retrieved to compute location quotients for 

each one of the 28 years mentioned, giving a total of 100436 observations (211	regions

17	sectors 28	years). 

The data  just mentioned  was pooled in order to  apply the Hierarchical  Cluster analysis, 

using the Ward aggregation method. To give the same weight to each of the seventeen sectors, 

and given the extreme values in some sectors (like the primary sector) and the fairly homogeneous 

values in others, the cluster analysis was performed on standardized values of the location 

quotients (by means of the Z scores). 

Seven different clusters were retained (Tables III.2 and III.3). It must be kept in mind that 

these clusters have an uneven dimension. The choice of seven clusters was based on two 

arguments. First, it was required a number of clusters large enough to capture different industrial 

structures, but small enough to make the analysis tractable. Second, examination of the loss of  
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Table III.2: Mean Quinquennial Average GVA Growth rate and Mean Hachman Index 
for the period 1980-2007 

Profiles of economic activities 
Number of 

observations *

Mean 
Hachman 
Index** 

Mean 
Quinquennial 
Average GVA 

Growth rate *** 

1. Manufacturing, specially textiles and clothing 506 0,837 2,127% 

2. Constrution and Non-market services 971 0,790 2,185% 

3. Services centres 1524 0,856 2,546% 

4. Manufactures centres 1073 0,890 1,956% 

5. Food, beverages and tobacco and non-market 
services 

1312 0,904 2,363% 

6. Agriculture, Mining and Energy Supply 223 0,385 2,202% 

7. Agriculture, Construction, Hotels and Restaurants 289 0,656 2,524% 

* The number of observations for each profile changes across time and space.  

** The índex was computed has in equation 1.  

*** This measure was built for the successive periods of 5 years during the period 1980-2007, for each region (in all, 
there is 58). 

 

variance explained as clusters were progressively merged revealed a cut-off point at seven 

clusters. The leap from seven to six clusters caused a relatively large drop in the variance 

explained. 

A one-way ANOVA was conducted to examine whether there are statistically significant 

differences among the regional quinquennial GVA growth in relation to their profile in terms of 

production.  

The homogeneity of variances is a critical assumption to the reliability of the one-way 

ANOVA. However, the Levene's test pointed to the rejection of the hypothesis of equality of 

variances (this test yielded F(6; 5047) = 3,372, p=0,003). When this assumption is violated it is 

prudent to run the Welch test and/or the Brown and Forsythe test, instead of the common ANOVA. 

In both of those tests it is rejected the null hypothesis of no difference in the mean of the 

quinquennial GVA growth of the clusters under study (the Welch test yielded F(6; 1219,457) = 12 

622, p=0,000 and the Brown and Forsythe test F(6; 2755,420) = 12 845, p=0,000). 

The Kruskal-Wallis test is also an alternative to one-way ANOVA when the evidence points 

to the rejection of the assumption of normality in the data. Moreover, this is a test which is much 

less sensitive to the presence of outliers. The Kruskalis-Wallis test also points to the rejection of the 

null hypothesis of no difference in the mean of the quinquennial GVA growth of the clusters under 

study. 

Post-hoc Games-Howell tests, chosen due to their higher robustness against the detected 

violation of assumptions, revealed statistically significant differences between the cluster 3 and  
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Table III.3: Classification of economic structure of 211 areas across 1980-2007 (according to the highest mean location quotients) 

  

1. 
Manufacturing, 

specially 
textiles and 

clothing 

2. Construction 
and Non-market 

services 

3. Services 
centers 

4. Manufactures 
centers 

5. Food, bevera-
ges and tobac-

co and non-
market services 

6. Agriculture, 
Mining and 

Energy Supply 

7. Agriculture, 
Construction, 

Hotels and 
Restaurants 

A. Agriculture 1,291 2,105 0,493 0,805 1,311 5,867 2,542 

B. Energy and Manufacturing 1,312 0,661 0,783 1,310 1,000 0,735 0,608 

B1. Mining and Energy Supply 0,739 1,012 0,976 1,192 1,086 2,353 1,105 

B2. Food, Beverages and Tobacco 1,164 0,946 0,833 1,196 1,257 0,922 0,808 

B3. Textiles and Clothing 2,980 0,610 0,544 0,583 0,608 1,513 0,767 

B4. Fuels, Chemicals, Rubber and Plastic 
Prod. 

1,291 0,661 0,834 1,186 1,110 0,732 0,434 

B5. Electronics 0,889 0,456 0,800 1,646 1,067 0,151 0,377 

B6. Transport Equipment 0,890 0,557 0,749 1,630 1,039 0,153 0,335 

B7. Other Manufacturing 1,191 0,619 0,792 1,442 0,965 0,499 0,607 

C. Construction 1,032 1,285 0,956 0,994 0,983 1,020 1,314 

D. Market Services 0,874 0,818 1,237 0,944 0,837 0,566 1,058 

D1. Wholesale and Retail 0,987 0,914 1,127 0,976 0,887 0,667 0,967 

D2. Hotels and Restaurants 1,015 0,826 1,314 0,943 0,721 1,041 2,978 

D3. Transport and Communications 0,797 0,979 1,139 0,998 0,947 0,658 1,045 

D4. Financial Services 0,761 0,631 1,136 1,034 0,782 0,299 0,595 

D5. Real estate, renting and business 
activities 

0,716 0,616 1,482 0,820 0,751 0,237 0,536 

E. Non-Market Services 0,886 1,232 0,943 0,877 1,182 0,807 0,840 

Note: Highlighted in bold is the maximum mean location quotient across the seven identified profiles for each of the seventeen sectors considered 
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clusters 1 (M = Mean Difference = 0,41950%, SD = Standard Deviation = 0,09452%), 2 (M = 

0,36165%, SD = 0,07886%) and 4 (M = 0,58991%, SD = 0,07608%). Cluster 3 discloses a 

quinquennial GVA growth which is significantly higher than that reported by clusters 1, 2 and 4. 

Post-hoc Games-Howell tests also revealed statistically significant differences between the 

cluster 4 and clusters 5 (M = -0,40712%, SD = 0,07760%), and 7 (M = -0,56793%, SD = 

0,11914%). In this case, cluster 4 discloses a quinquennial GVA growth which is significantly lower 

than that reported by clusters 5 and 7. There were no other significant differences between the 

other groups revealed by the applied post-hoc tests. 

A similar set of procedures was also conducted to examine whether there are statistically 

significant differences among the regional measure of diversity (using the Hachman index of 

equation 1) in relation to the correspondent profile in terms of productive structure. Again, the 

Levene's test revealed that the hypothesis of equality of variances was rejected (it yielded F(6; 

5891) = 257,204, p=0,000) and, in consequence, the Welch test and the Brown and Forsythe test 

were run. In both tests, the null hypothesis of no difference in the mean was rejected (the Welch 

test yielded F(6; 1362,099) = 654,245, p=0,000 and the Brown and Forsythe test F(6; 1271,774) = 

790,709, p=0,000). The Kruskalis-Wallis test also pointed to the rejection of the null hypothesis. As 

for the Post-hoc Games-Howell tests, they revealed statistically significant differences between all 

the combinations of identified clusters. 

III.4. Relation between growth, diversity and the profiles 

Recent research over the subject at hands has been heavily influenced by the seminal paper 

by Glaeser et al. (1992), which focuses the growth of industries in different regions to elaborate on 

spillovers within and between industries. However, due to our interest in explaining regional growth, 

the approach by Glaeser, et al. (1992) has the drawback of producing insights based on 

compartmentalized data on regions – the regressand is the growth of industry/sector employment 

by region. 

Unavoidable to the goal of assessing the impact of local patterns of economic specialization 

on regional growth is the underlying relevance of the space – the literature stresses that the 

geographic localization of each region matters. Maza, et al. (2009) deemed this factor as the most 

important one, which is in line with other authors, such as Le Gallo (2004), Battisti and Di Vaio 

(2008), Fotopoulos (2008) or Frenken and Hoekman (2006). 

Considering the data on the GVA growth, the profiles of activities and the measure of 

diversity, several tests were run to detect the presence of spatial dependency (with the GeoDa 

software - see: Anselin, 2003, 2005). As expected, the likelihood of the clustered patterns exhibited 

by the above mentioned variables of being the result of random chance is very low. The three 

panels of figure III.1 present the results using the Global Moran’s I statistic (computed for 1980), 

which implied the computation of a matrix of weights (connectivity) based on the spatial contiguity 
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structure of production has resorted to the approach by Glaeser, et al. (1992), which is centred on 

the growth of industries in different regions to elaborate on spillovers within and between industries. 

Hence, the focus is not to explain regional growth since the research influenced by this seminal 

paper explicitly looks at factors behind the growth of industry/sector employment by region. Our 

approach departs from this in the sense that the aim was to find a link between regional growth 

(proxied by regional GVA) and the patterns of economic activities set in each region. 

A first step was to frame out the patterns of regional productive structure. Resorting to the 

Cambridge Econometrics database (2009 release), location quotients were calculated and the 

profiles of productive regions were traced up for the period between 1980 and 2007. The regional 

GVA growth path was compared against the detected profiles revealing statistically significant 

differences. Some regions with a particular productive structure displayed a growth rhythm which is 

statistically higher than the one found for regions with other productive structures. This finding was 

found consistent with the homogeneousness hypothesis of productive structures, which is behind 

the presence of convergence clubs. 

A second issue in this discussion is linked to the debate over the optimal strategy to promote 

sustained growth. The specialization strategy (through the development of clusters of activities) is 

often compared with the focus on diversification of a region’s economic base. Unfortunately, our 

dataset did not have a finer grain, which implies that there is scope to increase the quality of the 

traced profiles in framing out the patterns of specialization set in each region if the public agencies 

disclose data with such detail. As for the diversity, it was addressed specifically. The construct for 

this phenomenon had a statistically significant relation with the profiles traced out, as expected 

theoretically. 

The subsequent step was to look at the spread of these variables across the European 

space. The literature stressed that space was a relevant factor in this regard and our approach 

corroborates those insights. In fact, evidence was found of clustering in space for the profiles of 

economic base, the diversity measure and the GVA growth. Moreover, signs of a linear association 

between the values of the growth variables at a given location and the average of another variable 

at neighbouring locations were uncovered. In this sense, modelling an econometric relationship 

between these variables has to consider the relevance of space.  

The analysis revealed that the profiles of activities spread in distinct clusters across Europe. 

At the same time, the pattern of diversity of activities (in the sense of closeness to the benchmark) 

seems to have a distinct development in the centre and in the periphery of Europe, as well as the 

growth path.  

The research undertaken aimed to focus the complexity of spatial processes set in European 

regions in order to have new insights for initial model development. The analysis run does not 

preclude the existence of a homogeneous economic structure for some set of countries, which was 

a corner hypothesis. However, for the policy makers the interest lies in uncovered a more precise 
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role for these structures. Our next efforts are directed at dealing explicitly with the setting of a 

model to address this relationship. 
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IV. Regional Growth Transitions and the 
Evolution of Income Disparities in Europe 

IV.1. Introduction 

The enlargement underway along the last decades in Europe has maintained and 

continuously renewed the regional convergence issue on the agenda of policy makers and 

academics. Within this subject, the possibility of groups of regions undertaking growth paths that 

drift them apart and specifically the risk of some regions falling systematically behind, with no 

chance of catching up, explains the attention given to this discussion. Evaluating regional growth 

trajectories (to appraise global or local convergence) and assessing if public policies produced 

effects upon the growth pace of the supported territorial units, have been problems under the 

researchers' attention. Our approach also fits within this framework. Specifically, the paper’s goal is 

to test if the European regional growth process displays a long run tendency that admits more than 

two modes, even if there is an overall convergence process. Therefore, one could find an overall 

tendency of diminishing regional income inequalities and simultaneously, if the hypothesis was 

true, there would be sets of European regions displaying different velocities in their growth paces 

and grouping around different poles. These clusters of regions (convergence clubs) are groups of 

economies with homogeneous structures (such as production function, preferences or government 

policies) that embrace a path of convergence towards a common steady state. Andrade, et al. 

(2010) also presented this hypothesis, while focusing on the regional cross-sectional distribution. 

To deliver a more complete perception of the regional divide, the analysis uses a dynamic 

approach and also scalar measures to appraise the evolution of regional inequality and polarization 

through the time frame under focus. The scalar measures for income inequality are the standard 

ones in the literature (the Gini index, the Atkinson index and the general entropy index). For the 

polarization, the measure which is used is the Duclos-Esteban-Ray index (Duclos et al., 2004). As 

for the dynamic analysis, two paths are explored: one following the strategy proposed by Quah 

(1996b), which considers the entire distribution under study through the use of non-parametric 

methodologies; another one following the procedure developed by Phillips and Sul (2007b, 2007a, 

2009), which departs from mainstream growth theories by explicitly accounting for individual 

heterogeneity. This approach enables the identification of relative transitions that occur within the 

subgroups of regions and the measurement of these transitions against the correlative of a 

common growth trend. Individual heterogeneity is specifically targeted, due to the procedure's 

flexibility to screen out all sorts of transient paths, from overall convergence to overall divergence, 

including convergence of sample subgroups and divergence of single sample units. 

The dataset was retrieved from Cambridge Econometrics’ 2009 release, which offers a 

complete series of regional data for a sufficient number of NUTS2 regions over time. Our sample 
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covers the time span between 1980 and 2007, for 16 European countries. 

The results point to a general tendency for diminishing regional disparities. However, from 

2004 on all the measures seem to disclose a change in the evolution of regional disparities, by 

displaying higher values for the indexes. 

The tendency of diminishing regional disparities (with the exception of the final years of our 

sample) was also compatible with the presence of polarization processes. The different 

methodologies to appraise polarization deliver results which can accommodate several internally 

homogeneous clusters of regions. Hence, the evidence seems to confirm the hypothesis under 

study. 

The estimated signs of polarization revealed more than two sets of regions with distinct 

average transitions, during the studied time span. Moreover, the spatial spread of these signs 

appears to be coherent with the new economic geography approach. 

The detected polarization, uncovered with very distinct methodologies, reinforces the need to 

look again to the public policies used to speed up the catching-up process, especially when the 

effectiveness of public funding is under a closer scrutiny. 

The paper is organized as follows. Section 2 presents the scalar measures for income 

inequality and polarization, as well as explains the methodology to appraise the distribution 

dynamics and to identify the presence of clusters and estimate their transition paths over time. In 

Section 3, an account of the data used is provided, as well as a presentation and discussion of the 

obtained results. In the final section some conclusions are drawn. 

IV.2. Appraising inequality and polarization 

IV2.1. Measures for regional income inequality 

Among the measures of income inequality often used in the literature, the most common are 

the Gini index, the generalized entropy index and the Atkinson index. A detailed analysis over 

these measures can be found on Cowell (2000) and Sen (1973). Expressions (21), (22) and (23) 

present the formula for each of these measures, respectively10. 



  




n

i

n

j jiji yypp
G

1 1

 (21) 

                                                      
10 Note that iy  and ip  stand respectively for the per capita income and the population share of region i  in a 

given year, while   is computed as follows:  
 n

i ii yp
1

 . It must be stressed that equation 2 discloses 

the expression for the generalized entropy index, along with the expressions for two special cases, which are 
the mean log deviation index (if 0 ) and the Theil entropy index (if 1 ). 
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IV.2.2. Measuring regional income polarization 

In the literature, the issue of polarization is often linked with the notion of inequality, being 

the conceptual differences between both concepts pointed out. The inequality notion is related with 

the variance of the distribution object of analysis (in our case the regional per capita income), while 

the polarization concept is associated with the clustering/grouping around different poles in the 

variable of interest. This means that these notions focus on different characteristics of the 

distribution, and obviously their measures can display values going, or not, in opposite directions. 

Closing attention on this concept, a polarized distribution implies a high level of homogeneity 

within each group of individuals and a simultaneous high level of heterogeneity between each of 

the detected groups. Moreover, the number of big groups must be small and the groups of 

negligible size should not exert influence on the whole distribution. The "similarities" among the 

individuals of one group implies a sort of "identification" of each member to the common features 

within that group. In much the same way, the existence of a clear-cut difference between two or 

more groups, brings a sort of "alienation" sense to the members of distinct groups. Several of the 

proposed measures of regional income polarization make use of the interaction between these two 

forces (of "identification" and of "alienation") that each individual discloses towards the rest of the 

population. Esteban and Ray (1994) used this kind of reasoning to propose a measure of 

polarization. Other approaches have been applied, such as the measures proposed by Duclos, et 

al. (2004) and Esteban et al. (2007). Those measures have already been used to study the issue of 

polarization either with an international approach – Duro (2005) or Pittau et al. (2010) – or with a 

regional focus, by looking at China – Zhang and Kanbur (2001) –, the US – Ezcurra (2009b) –, or 

the European Union – Ezcurra et al. (2005), Ezcurra and Pascual (2007), Ezcurra and Rodríguez-

Pose (2009) and Maza, et al. (2009). 

Another popular measure for this endeavour was proposed by Wolfson (1994), who worked 
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upon the so-called Foster-Wolfson index. However, as pointed out by Duro (2005), its main 

drawback is that it can only be used to analyse the level of bipolarization. Other measures, such as 

the ones proposed by Esteban and Ray (1994) and Esteban, et al. (2007), surpass this drawback 

and address multipolar cases. However, the framework behind these indexes to divide the 

distribution in a finite number of groups is unnatural, since per capita income is a continuous 

variable. Hence, the proposed procedure is marked by a certain degree of arbitrariness in the 

choice of the number of groups. Moreover, with the population divided into a finite number of 

groups, there might be cases where continuous changes in polarisation are not detected. 

To obviate the problems highlighted previously, Duclos, et al. (2004) proposed an index, 

which is known as the Duclos-Esteban-Ray ( DER ) index, after redefining the axioms to be 

satisfied by a polarisation index for continuous variables. Their measure avoids arbitrary choices by 

allowing for individuals not to be clustered around discrete income intervals and by letting the area 

of identification influence to be determined by nonparametric kernel techniques. Duclos, et al. 

(2004) established that a general polarisation measure should be proportional to: 

   dydxxyyfxffP )()()( 1 
  (24) 

where x  and y  stand for different values for the variable of interest and )(f  denotes the density. 

After rewritten this measure to highlight the forces of identification and alienation, Duclos, et al. 

(2004) present formula (25) as a natural estimator of )(FP . 

 
 n

i ii yayfnFP
1

1 )(ˆ)(ˆ)ˆ( 
  (25) 

where )(ˆ iya  is given by expression (26): 
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with ̂  as the sample mean. 

The function )(ˆ
iyf  is a nonparametric estimate using kernel estimation procedures. These 

procedures use a symmetric kernel function )(uK , defined such that 1)( 



duuK  and 0)( uK . 

Then the estimator )(ˆ yf  is expressed as follows: 

  
 n

j ih yyKnyf 1
1 )()(ˆ  (27) 

with  h
ZKhZK h

1)(   and h  as a bandwidth parameter. 

IV.2.3. Income distribution dynamics 

The scalar measures for inequality and polarisation described previously do not provide an 
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accurate description of the entire distribution. Specifically, those indices leave aside the analysis of 

the evolution over time of the entire cross-sectional distribution, due to the undertaken aggregated 

approach. Hence, to examine both the change in its external shape and on the intra-distribution 

dynamics more sophisticated approaches arose in the literature, such as the estimation of income 

densities with a variety of parametric and nonparametric methods. This approach was introduced 

by Quah during the 90s and uncovered two important stylized facts that need explanation from 

growth theory: there is persistence, i.e., most economies remain in the same position of the 

distribution; there is bimodality, i.e. as time goes by the middle range of the distribution gets thinner 

and the two tails pile up - see Quah (1996b, 1996c, 1996a, 1997) for further details. 

Supposing a group of n  economies and assuming that time t  is continuous, the level of per 

capita income of economy i  at time t , )(tyi , can be transformed through its normalisation with 

respect to the average level of per capita income for the set of economies under study at the same 

point in time (which is represented by )(ty ). Hence, the transformation is: 

)(

)(
)(

ty

ty
tx i

i  ,        with         )(txi  (28) 

Assuming a stochastic process  0:)( ttxi  and denoting by )(txF  the distribution of )(tx  

and by )(txf  a probability measure associated to )(txF , the dynamics of the cross-sectional 

distributions of per capita income can be modelled as an autoregression: 




  dxxfAxMAfA txststx )(),()(: )(,)(  (29) 

where stM ,  is a stochastic kernel that maps the density at time t  into the density at time st  , 

tracking where points in )(txf  end up in )( stxf   It is also assumed that the sequence  0:, tM st  is 

time invariant and that the stochastic process is Markov. 

The distribution dynamics approach implies the estimation of the operator stM ,  from cross-

sectional data on (relative) per capita income.  

If x  and 'x indicate generic values of respectively )(tx  and )( stx  , then )',(, xxst  is a non-

negative measurable function that integrates to 1. When the stochastic kernel ),(, AxM st  in 

equation (29) can be defined as the integral of )',(, xxst  over the set A : 

 A stst dxxxAxM ')',(),( ,, 
 (30) 

the transition density function associated with the stochastic kernel is )',(, xxst . Hence, the 

dynamics in equation (29) becomes: 
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  dxxfxxAf txststx )()',()( )(,)( 
 (31) 

Solving the equation (31) for )',(, xxst , yields: 
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,  (32) 

and, therefore it is the probability density function of )( stxi   conditional on )(txi . An estimate of 

the stochastic kernel can be obtained by dividing the estimate of the joint probability density 

function )(),( stxtxf   by the estimate of the marginal probability density function )(txf : 

)(
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 (33) 

There is a simple technique to proceed with the estimation, which is through the 

discretization of the income distribution (for instance, via the histogram). However, this technique 

has been ruled out due to its statistical inefficiency, especially if compared with other 

nonparametric estimators. Such a discretization scheme can arbitrarily alter the probabilistic 

properties of the data. 

In face of such critical remarks, the option would be to leave aside the discretization 

methodology and opt to estimate the stochastic kernels through kernel density estimators. Within 

this view, the stochastic kernel is interpreted as a transitional matrix with a continuum of rows and 

columns and the densities in equation (33). 

The technical procedures on kernel density estimators and on the estimating procedure 

follow Magrini (2007). The bivariate kernel estimator employed to estimate the joint probability 

density function of )(tx  and )( stx   becomes: 
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 (34) 

where )(txi
h  is the bandwitdh and K  the kernel function (which is the bivariate Gaussian kernel 

function). 

IV.2.4. Assessing polarization through a regression test of convergence 

While addressing the issue of polarization, the measures and methodologies described 

above only detect signs of the presence of this phenomenon. A precise identification of the clusters 

and of their transition paths over time are issues left aside, even when the entire distribution is 

being analysed. Phillips and Sul (2007b, 2007a, 2009) proposed a methodology which is able of 

performing such a task. This approach is focused not on individual economic growth per se but on 
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economic growth relative to the average performance in a subgroup of economies or an individual 

benchmark. This process enables the identification of relative transitions that occur within these 

subgroups and the measurement of these transitions against the correlative of a common growth 

trend. In this sense, clusters can be identified. Within this framework, a region's path over time 

relative to a useful benchmark can be accessed through what those authors labelled as the 

region's economic transition curve, which is an individual characteristic and consequently might 

display a wide array of possible transition paths. This methodology delivers a form of panel 

convergence similar to the concept of conditional sigma convergence when the heterogeneous 

time varying idiosyncratic components converge over time to a constant. 

Mainstream growth theories intend to understand the reasons for the differences in growth 

rates across economies. As noticed by Mundlak (2001) while discussing economic growth issues, 

empirical studies based on country-panel data seems to deliver results where the explanation of 

most of the spread in the pertinent economic variables lies in between countries differences rather 

than in between time. The underlying assumption is the fact that all the observations (i.e., country 

and time) come from the same production function. Hence, these approaches assume 

homogeneous technology across the economic spaces under study. However, this assumption 

lacks empirical support since the economies (especially at regional level) differ either in their ability 

to adopt new knowledge or in their specific choices over the bundle of available technologies, since 

the adoption of best-practice technology is not automatic. Within this framework, technology gaps 

might offer an additional source of growth and may facilitate the catching-up process. Having this in 

mind, this approach departs from mainstream growth theories due to the consideration of a 

modelling procedure that explicitly accounts for individual heterogeneity. 

In a standard neoclassical growth model with heterogeneous technological progress: 

it
t

iiiit Aeyyyy it log)~log~(log~loglog *
0

*  
 (35) 

where ity  is per capita real income of region i  in period t , *~
iy  stands for the steady state levels of 

income per effective labour unit, 0
~

iy  is the initial level of income per effective labour unit and itA  

stands for the state of technology of region i  in period t . As for it , it is the time varying speed of 

convergence rate11. Following Phillips and Sul (2009), the condition over the progress of 

technology across countries might be relaxed by presuming a common factor representing 

publically available advanced technology, which is assumed to follow a linear trend. Moreover, to 

keep reliability in empirical settings, one must allow the economic distance between the individual 

technology of region i  and the advanced common technology to vary over time and across 

                                                      
11 The value for it  is derived in Phillips and Sul (2009). Its value is given by:  
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countries (labelled as it ). Defining t
iiiit

iteyyya  )~log~(log~log *
0

*  and 

titiit AAA logloglog 0  , then, with some transformations, equation (35) becomes: 

tititt
t

titiit
it y

AAa
y 











 
 log

loglog
log 0

 (36) 

where, using Phillips and Sul (2007b) notation, it  is a transition parameter (i.e., a time varying 

idiosyncratic element) and t  is a common growth component of advanced technology. Within this 

framework, during transition it  depends on the speed of convergence parameter ( it ), the rate of 

technological progress parameter ( itx ), the steady state levels (through parameter ita ) and the 

initial technical endowment (along with 0log iA ). 

Equation (36) displays a number of unknowns exceeding the number of observations, hence 

the estimation of it  is impossible without imposing further restrictions. To deal with this, the 

approach by Phillips and Sul (2009) rests on the relative measure: 
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 (37) 

This measure eliminates the common growth component and stands for the transition path of 

economy i  relative to the cross section average. ith  has a twofold interpretation: on one side, it 

describes individual trajectories in relation to other economies; on the other side, it evaluates the 

relative departures of economy i  from the common growth path t . When all economies move 

towards the same transition path, 1ith , for all i , as i . Besides this outcome, this 

framework admits many other transitions paths, including those of divergence or transient 

convergence. Therefore, plotting ith , which Phillips and Sul (2009) labelled as relative transition 

curve, illustrates, by comparison with other individuals, the changeover of the economies under 

study and it is a simple tool to present the results when there is temporal and cross-section 

heterogeneity. 

Phillips and Sul (2007a) departed from the following null hypothesis of convergence: 

 iH :0       and        0  (38) 

against the alternative  iH :1       for all   i    or   0 . 

In order to formulate the test, Phillips and Sul (2007a) used a semiparametric model for the 

transition coefficients it , allowing for the presence of heterogeneity both over time and across 

individuals. The assumed general form is: 

ititiit        ,     with    





ttL

i
it

)(
    ,    1t    and    0i       for all i  (39) 
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where i  is fixed, it  is )1,0(...      dii  across i  but may be weakly dependent over t , and )(tL  is a 

slowly varying function for which )(tL  as t .   is the decay rate (the rate at which the 

cross-section variation over the transition decays to zero over time12). 

Setting ttL log)(  , the proposed general form leads to the tlog  regression model: 

  t
t

utbat
H

H









logloglog2log 1

, (40) 

where: 
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 (41) 

and ith  is defined by equation (37). 

This regression model, hereafter labelled as tlog  test, provides a methodological coherent 

framework to test the presence of convergence, since the same procedure is applied both to the 

overall test and in the clustering procedure. If the null of convergence is rejected, that does not rule 

out the hypothesis of convergence in subgroups. Based on this idea, Phillips and Sul (2007a) 

proposed a simple algorithm using the tlog  test to sort panel units into converging groups, given 

some critical value. This procedure has a remarkable flexibility to screen out all sorts of transient 

paths, from overall convergence to overall divergence, including convergence of sample subgroups 

and divergence of single sample units. 

IV.3. Gauging inequality and polarization 

In this section, the measures and methods discussed previously are applied to a sample of 

European regions, providing different perceptions over the dimension and evolution of the 

disparities across the geographical units considered. Before carrying out the empirical 

implementation, information about the dataset is presented. 

IV.3.1. Data 

The dataset, retrieved from Cambridge Econometrics’ 2009 release, displays the regional 

Gross Domestic Product (GDP) per capita as the income variable and spans the period 1980-2007 

for the 211 NUTS 2 13 from 16 different countries14. This sample figures are in millions of Euros at 

                                                      
12 It must be noticed that the idiosyncratic scale parameters i  and the random variables it  are required to 

meet some regularity conditions in order to develop rigorous assymptotics for the regression test. These 
conditions are detailed in Phillips and Sul (2007a). 
13 Usually data is based on the Nomenclature of the Territorial Units for Statistics (NUTS) established by 
Eurostat, namely the NUTS-2 level, which stands as the common level of classification for the empirical 
analysis seen in the literature. However, some authors claim that, for some countries, NUTS-2 may not be 
adequate as an administrative level - see, Paci (1997) or Rodríguez-Pose (1998). 
14 The set of countries is: Austria, Belgium, Denmark, Finland, France, West Germany, Greece, Ireland, Italy, 
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constant prices, for base year 2000. 

The selection of countries was constrained by data availability, due to trade-offs between a 

wider regional coverage and a longer time frame track. Nonetheless, the countries selected may 

provide interesting insights over possible dichotomies on the performance paths of European 

countries, such as North-South divide. 

As for the source of the data, Cambridge Econometrics provides datasets which are based 

mainly on information supplied by REGIO, the Eurostat regional database. Unfortunately, REGIO's 

data displays serious handicaps in some respects. Cambridge Econometrics, through data 

retrieved from national statistics institutes and with the use of interpolation methods, was able to 

complete REGIO database. Hence, the popularity of this dataset in the literature – it offers a 

complete series of regional data for a sufficient number of NUTS2 regions over time. 

IV.3.2. Appraising inequality and polarization with scalar measures 

Focusing regional disparities spanning 1980 to 2007, the evidence disclosed by the different 

measures of income inequality reveals a quite similar pattern. The figures IV.1, IV.2 and IV.3 

graph15 the behaviour for respectively the Gini Index, the Generalized Entropy Index and the 

Atkinson Index. The estimates for these measures are presented in table IV.1. As stated 

previously, the Generalized Entropy Index relied on the value of parameter   - which encloses the 

sensitivity of this index to a particular part of the distribution - and the Atkinson Index was linked to 

the value of parameter  - which defined its (relative) inequality aversion. This dependence (of 

both measures) implies that the setting of those parameters is subject to some degree of 

arbitrariness. Hence, we opted to test the responsiveness of the results for those indices to the 

different values set for the parameters. This strategy revealed that the tendencies displayed in the 

                                                                                                                                                                 
Netherland, Norway, Portugal, Spain, Sweden, Switzerland and United Kingdom. 
15 Figures IV.1, IV.2 and IV.3 deliver respectively the results for equations (21), (22) (assuming 1 ), and 
(23) (taking 5,0 ). 



Figure IV.1: Gini Index, based on GDPpc for European NUTS 2 regions 
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figures IV.1, IV.2 and IV.3 were quite robust to the changes considered in those arguments. Figure 

IV.4 displays the responsiveness of the Atkinson Index to changes in the value of parameter  . 

The behaviour displayed in the three figures for each of the measures is quite similar. On the 

Figure IV.2: Generalized Entropy Index, based on GDPpc for European 
NUTS 2 regions

Figure IV.3: Atkinson Index, based on GDPpc for European NUTS 2 
regions

Figure IV.4: Atkinson Index responsiveness to changes in the parameter
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whole, it seems that regional income inequalities tend to decrease for the economic space and time 

span considered. However, during the period under focus different patterns are recognizable, with 

all the measures displaying the same trend. First, until mid-80s, there was a sharp increase 

immediately followed by an even sharper decrease in regional income inequalities. One must recall 

that by this time, Portugal and Spain were adhering to the by then Economic European Community. 

From the mid-80s until the first years of the new millennium, all the measures indicate a decreasing 

trend for regional income inequalities, although with a much flatter trajectory in comparison with the 

previous period. This flatter pattern is also present in the results by López-Rodríguez and Faiña 

(2006), which cover the period from 1982 to 1997, and Ezcurra, et al. (2005), whose data covers 

1977 to 1999. This results seem to be in line with those by  Maza, et al. (2009), in spite  of the 

methodological  differences  in both  approaches, and Ezcurra, et al. (2005), whose data covers 

1977 to 1999. This results seem to be in line with those by Maza, et al. (2009), in spite of the 

methodological differences in both approaches, since they conclude that if their sample period was 

split in two, a notorious decline in regional disparities could be found between 1980 and 1993, 

followed by a negligible decrease from 1993 to 2005. In the figures IV.1, IV.2 and IV.3 the 

measures' trajectory in the last years disclose a revival in regional income inequalities, especially 

from 2004 onwards. As we are aware off, in the literature there is no other reference covering the 

subject of inequality with the NUTS 2 lens. 

The tendency just highlighted is present in all the used measures of inequality. One might 

interpret this result of the measures of inequality as a reflex produced by the European 

enlargement that took place in that year - even if the regions from those countries are not being 

explicitly accounted for. 

 

Table IV.1: Income inequality and polarization indices for the European regions 

1980 1985 1990 1995 2000 2005 2007 

 Unweighted Gini of GDPpc  0.189 0.191 0.183 0.178 0.178 0.176 0.179 

 Weighted Gini of GDPpc  0.178 0.183 0.179 0.175 0.177 0.176 0.179 

 Atkinson index ( 5,0 )  0.029 0.031 0.027 0.027 0.027 0.027 0.027 

 Atkinson index ( 1 )  0.059 0.063 0.054 0.054 0.054 0.053 0.055 

 Theil index  0.062 0.063 0.058 0.056 0.057 0.055 0.056 

 Generalized Entropy index ( 1 )  0.059 0.061 0.056 0.054 0.054 0.053 0.055 

 Foster-Wolfson index 0.071 0.070 0.070 0.066 0.064 0.063 0.064 

 Duclos-Esteban-Ray index ( 25,0
a 

0.167 0.168 0.163 0.160 0.159 0.157 0.160 

 Duclos-Esteban-Ray index ( 1 ) a 0.139 0.140 0.140 0.141 0.141 0.141 0.140 

 a A sample Gini of incomes is equivalent to the Duclos-Esteban-Ray polarization index with =0. 
 



ENSAIOS SOBRE O CRESCIMENTO ECONÓMICO REGIONAL E A DINÂMICA DO PROCESSO DE CONVERGÊNCIA  

54 
 

The evidence gathered points to a decrease in regional income inequalities for the last three 

decades, even if after 2004 a revival of regional disparities seems to set in. These disparities are 

related with income inequalities, but as stated previously, it is useful to evaluate if polarization also 

developed under the same lines during this period. Figure IV.5 displays the results for the 

polarization index proposed by Duclos, et al. (2004)16 and figure IV.6 displays this measure’s 

sensitivity to variations in the value of  . The pattern therein shows a decrease at a constant pace 

of the DER  index between the mid-80s and the mid-90s. By 1995 the DER  index presents its 

smallest value. After this year, the DER  index estimates present some volatility along a trajectory 

where polarization is growing. This evidence becomes more noticeable in the last years of the 

sampl e, especially after 2004. The papers from Ezcurra, et al. (2005), Ezcurra and Pascual 

(2007), Ezcurra and Rodríguez-Pose (2009) and Maza, et al. (2009) were not focused on the 

measure by Duclos, et al. (2004), but on the measures proposed by Esteban and Ray (1994) and 

                                                      
16 Figure IV.5 presents the empirical result for equation (27) mentioned above. 
8 The map was built upon the clusters defined in table 2 (the legend for each region label disclosed in this 
table can be found in table IV.A in the annex). 

Figure IV.5: Polarization Index by Duclos, Esteban and Ray (2004) 

Figure IV.6: DER Index responsiveness to changes in α 
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Esteban, et al. (2007), which have drawbacks already pointed out. Even so, the trend until mid-90s 

is similar to the one depicted in figure IV.5. 

The evidence presented by the measures of income inequality and polarization appears to 

point to a simultaneous diminish of inequality and polarization until the mid-90s. From that point on, 

polarization started to increase, even if income inequality was still under a decreasing path. From 

2004 onwards, the polarization appears to grow faster while a change in the direction of the 

evolution of income inequalities turns out, with its revival. In sum, the evidence from the scalar 

measures seems to point to some lack of effectiveness of the so-called cohesion policies, at least 

in lessening regional income inequalities and polarization, especially in the new millennium. 

IV.3.3. Linking regional disparities and regional average growth rate 

 When the link between regional growth rate and regional disparities is under focus, 

household data is usually used in the literature as basis for the conclusions. However, on that basis 

there are conflicting theories and empirical evidence over the relationship between inequality and 

economic growth. The direction of causality is not consensual as well as the direction (negative or 

positive) of the relationship, with almost the same arguments used to defend opposite thesis. de 

Dominicis et al. (2008) focused expressly on the controversial results over the relationship to 

describe, identify and analyse the variation of outcomes. For instance and citing only some of the 

Figure IV.7: Regional disparities and Regional Growth 
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most referenced papers, Bertola (2000) and Aghion et al. (1999) supported a negative relationship. 

However, Barro (2000) and Banerjee and Duflo (2003) offer evidence of a mixed relationship, while 

Forbes (2000) and Perugini and Martino (2008) present evidence of a positive association. It 

seems that a nonlinear relationship exists, as argued by Lin et al. (2009). To our knowledge, only 

Ezcurra (2007, 2009a) covers this subject with a regional and European view, by arguing that both 

regional polarization and inequality are negatively associated with regional growth. 

Instead of using data over households, as it is usual in the literature, this paper's approach 

rests on data over European regions - the unit of analysis is the region. With this kind of 

perspective we are addressing which is the association between the scalar measures for the 

regional  disparities  and  the  regional  (average) growth  rate.  Hence,  the idea  was to assess 

whether an increase (decrease) in the measures of regional disparities was linked to the growth 

pace of European regions. However, the evidence we present does not allow any conclusion. For 

the period and for the set of regions under study, no clear pattern can be identified between 

regional disparities and overall regional growth, as can be seen in the figure IV.7. 

IV.3.4. Income distribution dynamics 

The estimates for the different density functions for 1980 and 2007 are shown in figure IV.8. 

A main mode is visible. As in Ezcurra and Rapun (2007), besides the main mode, a second mode 

can be identified with a lower level of income. By 2007 there is more mass around the distribution 

border to the detriment of the distribution core. This might signal a convergence process where the 

regions at the distribution extremes are converging towards distinct income per capita, which would 

be consistent with the evidence of the scalar measures presented above. Our conclusion is quite 

similar with that taken by Ezcurra and Rapun (2007), as well as the one by Fischer and Stumpner 

(2008). Fischer and Stumpner focused on a sample of 27 European countries with data retrieved 

from Eurostat for 1995-2003. 

Figure IV.8: Estimated density functions for 1980 and 2007 
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To address the issue of mobility of relative positions over time, we will focus on the intra-

distribution mobility during the study period. Figure IV.9 displays the non-parametric estimate of the 

stochastic kernel for the transition dynamics across European regions throughout the study period. 

Figure IV.10 shows the contour plot of EUR-16 relative regional income distribution, along which 

the lines connect points at the same height on the three dimensional kernel of figure IV.9. 

 As shown in figure IV.9 and especially on figure IV.10: 

 a large portion of the probability mass is concentrated on the diagonal (the width of the iso-

probs is very tiny for higher probability mass), signaling a limited degree of intra-distribution 

mobility, which implies that the European regions tended on the whole to maintain their relative 

positions over the study period. Overall, as in Maza, et al. (2009) and Le Gallo (2004), the results 

seem to display a high level of persistence; 

Figure IV.9: Stochastic kernel of the sample relative regional income 
distribution

Figure IV.10: Contour plot of the sample relative regional income 
distribution
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 the peaks of the stochastic kernel lie along the main diagonal, which means that the 

regions registered similar growth rates between 1980 and 2007; 

 one peak is well identified. However, several modes can be noticed, both for higher and 

lower per capita income levels. Even if the evidence is not " well" marked, it signs the presence of 

polarization. 

Figure IV.11 displays the initial distribution of income per capita against its ergodic 

distribution for 1980. The ergodic distribution allows the identification of long-run properties of the 

observed distribution dynamics. Before analysing the results, it must be kept in mind that the 

ergodic distribution depicts what the distribution would look like in the long run if current conditions 

remained the same. Also, even though the ergodic distribution represents how regional income per 

capita develops around its mean, it does not say anything about the mean itself. When 

comparisons are made between the ergodic distribution and the distribution in 1980, conclusions 

can be drawn on the concentration/deconcentration patterns in regional income per capita, based 

upon current trends. Hence, assuming current trends continue, the shape of the ergodic distribution 

suggests that in the long run: 

 it seems less probable that further improvements on convergence can be attained. The 

ergodic distribution is not tighter than the initial distribution, hence the following anticipation: the 

regions would not look more alike in the future than in the past. This result follows Ezcurra and 

Rapun (2007), when they state that their evidence indicates that the convergence process detected 

between 1991 and 2003 will not persist indefinitely, and contrasts with the conclusions gathered by 

Bosker (2009) and Fischer and Stumpner (2008); 

 there is the potential for the reinforcement of the existing two regional clusters or 

convergence clubs, since both tails gain mass in comparison with the loss in the core of the 

Figure IV.11: Estimated ergodic density and initial distribution of 
regional income per capita in 1980-2007 
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distribution. Hence, the evidence signals an increase in polarization in comparison with the initial 

situation. 

In Basile (2009), Fischer and Stumpner (2008) or Fotopoulos (2008), the ergodic distribution 

showed a bimodal structure, although their shape suggested that regions would look more alike in 

the future than in the past. Ezcurra and Rapun (2007) estimated an ergodic distribution that 

behaved in a quite normal way, although with a conclusion quite similar to ours, as mentioned 

previously. Our ergodic distribution points to a long run tendency that can accommodate two 

modes, which confirms the result we got with the estimate for the scalar measure of regional 

income polarization. 

IV.3.5. Relative transition paths in a sample of European regions 

As discussed previously, the scalar measures only detect signs of the presence of the 

phenomena under study, especially of polarization. Moreover, a precise identification of the 

clusters and of their transition paths over time are issues left aside, even when Quah's strategy is 

used. The following methodology is able of performing such a task, as discussed previously in 

subsection 2.4.. When the tlog  test is applied, the overall convergence hypothesis is rejected at 

the 5% significance level. Therefore, the conclusion is that the European regions from the set of 

countries under study do not converge to the same steady state equilibrium concerning their 

regional income per capita. This is the same conclusion that Bartkowska and Riedl (2012) got while 

focusing on a shorter time span (1990-2005). It seems that overall non convergence is a long run 

tendency within European regions. We proceed with the implementation of the algorithm by Phillips 

and Sul (2007a). This clustering mechanism test procedure generated 6 clusters of convergent 

regions and identified two diverging regions. The results are presented in table IV.2, where it is 

reported the estimated parameters and the corresponding standard errors of the convergence test. 

Figure IV.12 illustrates the regional European convergence club membership generated with this 

procedure17. 

Focusing on the obtained European convergence clubs, there seems to exist an apparent 

country effect for some of them. This is clearly the case for Ireland, and also, for Finland, the 

Netherlands, Norway, Portugal or Sweden. This country effect, i.e., the tendency of regions 

belonging to the same country to cluster together, has been reported previously, for instance by 

Bartkowska and Riedl. Recalling Ezcurra, et al. (2005) and Ezcurra and Rapun (2007), these 

results point to a clear spatial association between neighbouring areas, evidenced by the fact that 

adjacent regions tend on the whole to share similar development levels. Holding on with Ezcurra, et 

al. (2005), regions with relatively low and medium per capita income have a greater tendency 

towards geographical clustering than regions situated at the upper end of the distribution. Hence, 

one would expect that regions including capital cities of the respective country could belong to a  

                                                      
17 The map was built upon the clusters defined in table 2 (the legend for each region label disclosed in this 
table can be found in Table IV.A -  see IV. Annex). 
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Table IV.2. Convergence club classification 

Clubs   Regions b t-test growth rate Log GDP0 Log GDP1 

 All regions   211 -0,45 -31,6 1,80% 2,694235 3,180463 

   (0,014) 
 Club 1 a 32 0,46 6,25 2,46% 2,916246 2,916246 

   (0,074) 
 Club 2 b 106 0,178 3,77 1,84% 2,758806 3,254897 

   (0,047) 
 Club 3 c 49 0,193 4,35 1,59% 2,554358 2,984714 

   (0,044) 
 Club 4 d 7 0,133 2,65 1,46% 2,481683 2,874993 

   (0,05) 
 Club 5 e 6 0,071 1,02 1,50% 2,245121 2,650924 

   (0,07) 
 Club 6 f 9 0,549 7,3 0,63% 2,338044 2,509124 

   (0,075) 

** indicate rejection of null hypothesis of growth convergence at the 5 percent. 
a Club 1: be24; be31; dk01; de21; de5; de6; de71; gr3; fr1; ie01; ie02; nl31; nl32; nl41; at13; fi18; fi2; se11; ukd2; ukf2; ukg1; ukh2; ukj1; ukj2; ukj3; ukk1; 
ukm5; ukm6; no01; ch03; ch04; ch06 
b Club 2: be21; be22; be23; be25; dk02; dk03; dk04; dk05; de11; de12; de13; de14; de22; de23; de24; de25; de26; de27; de72; de73; de91; dea1; es11; 
es13; es21; es22; es23; es24; es3; es41; es51; es63; es64; fr43; fr51; fr52; fr61; fr62; fr63; fr71; fr72; fr82; fr83; itc4; itd1; itd3; itd4; itd5; ite1; ite4; nl11; 
nl12; nl21; nl22; nl33; nl34; nl42; at11; at12; at21; at22; at31; at32; at33; at34; fi13; fi19; fi1a; se12; se21; se22; se23; se31; se32; se33; ukc2; ukd3; ukd4; 
ukd5; uke1; uke2; uke3; uke4; ukf1; ukg2; ukg3; ukh1; ukh3; uki2; ukj4; ukk2; ukk3; ukk4; ukl2; ukm2; ukm3; ukn; no02; no03; no04; no05; no06; ch01; 
ch02; ch05; ch07 
c Club 3: be34; be35; de92; de94; dea2; dea3; dea4; dea5; deb2; deb3; dec; def; gr22; gr42; es12; es42; es43; es52; es53; es61; es62; es7; fr21; fr22; 
fr23; fr24; fr25; fr26; fr3; fr41; fr42; fr53; fr81; itc1; itc2; itc3; itd2; ite2; ite3; itf5; nl13; pt15; pt16; pt17; pt18; ukc1; ukf3; ukl1; no07 
d Club 4: be32; be33; deb1; gr43; itf6; itg2; ukd1 
e Club 5: de93; gr21; itf1; itf2; itf4; pt11 
f Club 6: gr11; gr12; gr13; gr14; gr24; gr25; gr41; itf3; itg1 
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An interesting result comes when initial conditions are compared with the regions' average 

growth rate (see figure IV.13). In this case, it can be noticed that the clubs displaying higher 

average growth rates are also those that departed from a higher per capita income level in the 

beginning of the period. The regions in clubs 4, 5 and 6 are marked both by relatively meagre 

average growth rates and relatively lower levels of per capita income. This feature denotes that 

these regions seem to have less ability to adopt new knowledge and to make choices over the 

bundle of available technologies. 

Figure IV.14 displays initial and final linearized income per capita. The 45 degree line 

Figure IV.13: Average growth rate and initial conditions 

Figure IV.14: 1980 and 2007 log GDPpc 
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discloses the average growth rate during the time length under study. On average, the values for 

2007 are higher than initial ones for all regions. However, for regions from cluster 1, those values 

are higher than those for regions from clusters 2. This pattern is systematic while comparing 

sequentially the pairs of clusters. This result points to a consistently weaker growth rhythm for the 

members of the clusters with higher number labels. The relative transition curve proposed by 

Phillips and Sul (2007b, 2007a, 2009) specifically addresses this issue. Focusing on the transition 

paths of the six clubs displayed in figure IV.15, several conclusions may be drawn. 

First, as proposed by Andrade, et al. (2010), while focusing the cross-sectional distribution of 

regional per capita income, there seems to be in place a long run tendency accommodating more 

than two modes. The transitions paths depicted in figure 15 are clearly revealing that such a 

tendency is taking place, hence evidence shows that the European regional growth process is 

being undertaken with several velocities. Second, it seems that not only the catching-up of the 

poorest regions with the richer ones is slow, as pointed out by Fischer and Stumpner (2008), but 

there is a progressive bias toward a poverty trap for some regions, as mentioned by Le Gallo 

(2004). A group of regions displaying a high and increasing growth pace (cluster 1, with a steeper 

relative transition curve) can be identified whilst another set of regions discloses a relatively very 

meagre growth, which is leaving them far off from all the other ones (cluster 6 has an almost flat 

relative transition curve). In the middle, the different clusters disclose increasingly worst average 

performance from their members in relation to the others. On this basis, apparently, the reduction 

of income disparities mentioned by Bosker (2009) or Marelli (2007) is more of a phenomenon 

between nations than between regions within the European countries studied, as noticed by 

Geppert and Stephan (2008). The pattern disclosed in figure IV.15, especially for the late years in 

Figure IV.15: Relative transitions paths 



ENSAIOS SOBRE O CRESCIMENTO ECONÓMICO REGIONAL E A DINÂMICA DO PROCESSO DE CONVERGÊNCIA  

64 
 

the sample, seem to be consistent with the estimates for the scalar measure of polarization 

highlighted previously. 

The transition path disclosed in figure IV.15 reveals that regional disparities across Europe 

are, on average, large and persistent, with a high degree of stability among the relative rankings of 

European regions. This was also noticed by Fischer and Stumpner (2008) and Andrade, et al. 

(2010). Moreover, the results just presented are consistent with those brought by Maza, et al. 

(2009), while studying intra-distribution dynamics. They concluded that a remarkable increase in 

relative persistence occurred within regions around the average and those located at the upper end 

of the distribution for the time frame of 1993-2005. They also mentioned that for the other regions 

changes in the relative mobility were quite small, even if there was an increasing mobility towards 

the middle and neighbouring income states. Hence, the setting described by Hierro and Maza is 

roughly consistent with the depicted behaviour of the clusters found. 

The discussion of the persistence of the relative rankings of European regions brings up the 

issue of cohesion funds impact upon regional economic performance. The evidence is, at most, 

ambiguous, since one can find regions that received funds both in the first and in the last groups. 

Dall'erba and Le Gallo (2008) or Esposti and Bussoletti (2008) found no significant impact of 

structural funds on the economic performance. However, instead of confirming these kind of 

results, the evidence just presented is in line with the conclusions by Le Gallo et al. (2009), who 

noticed that the negative result found at a global level in other studies in fact masked important 

disparities in the effects of the structural funds, since their local impacts have been very diverse 

across regions. The discussion of these impacts, after having unleashed the clusters' membership, 

is our next research avenue, along with the study of the specific features of each cluster. 

IV.4. Conclusions 

The evaluation of regional growth trajectories (to appraise global or local convergence) and 

the assessment of the effects of public policies on the regional growth pace have been problems 

under the researchers' attention. Our approach aimed to evaluate the evolution of regional income 

inequalities and polarization over time, while testing the hypothesis that the European regional 

growth process seemed to display a long run tendency that admitted more than two modes. 

Therefore, one could find an overall tendency of diminishing regional income inequalities and 

simultaneously, if the hypothesis was true, there would be sets of European regions displaying 

different velocities in their growth paces and grouping around different poles. These clusters of 

regions (the so-called convergence clubs) would be groups of economies with homogeneous 

structures, such as production function, preferences or government policies, and embracing a path 

of convergence towards a common steady state. 

Initially, the focus rested on scalar measures for appraising income inequality and 

polarization. The evidence presented revealed different trends during the time span considered: 
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until the mid-90s, it seems that there is a simultaneous diminish of inequality and polarization; from 

that point on, polarization started to increase, even if income inequality was still under a decreasing 

path; from 2004 onwards, the polarization appears to grow faster while a change (a reversal) in the 

direction of the evolution of income inequalities turns out, with its revival. These trends cast some 

doubts over the effectiveness of the so-called cohesion policies, since it appears that especially in 

the new millennium there is no lessening of regional income inequalities and polarization. This is a 

relevant question since it might impact future negotiations over European public funding. 

From this point on, our approach departs from mainstream growth theories due to the 

consideration of a modelling procedure that explicitly accounts for individual heterogeneity. 

Mainstream approaches usually assumes homogeneous technology across the economic spaces 

under study, which is an assumption that lacks empirical support since the economies (especially 

at regional level) differ either in their ability to adopt new knowledge and in their specific choices 

over the bundle of available technologies. This approach enables the identification of relative 

transitions that occur within the subgroups of regions and the measurement of these transitions 

against the correlative of a common growth trend. Individual heterogeneity is specifically targeted, 

due to the procedure's flexibility to screen out all sorts of transient paths, from overall convergence 

to overall divergence, including convergence of sample subgroups and divergence of single sample 

units. The estimations point to the existence of six convergence clubs in terms of per capita income 

across the European NUTS2 regions of our sample of 16 countries. 

The evidence shows that the clubs displaying higher average growth rates are also those 

that departed from a higher per capita income level in the beginning of the period (and vice-versa). 

Hence, initial conditions seems to have some power in explaining future growth, signalling some 

impact over the ability to adopt new knowledge and to make choices over the bundle of available 

technologies. The results show a clear tendency for the European regional growth process to be 

undertaken with several velocities. Moreover, the relative transition paths seem to drift the clusters 

apart from each other, implying that there might be a future increase in disparities among European 

regions. Hence, not only the catching-up of the poorest regions with the richer ones is at best (very) 

slow, but there is a progressive bias toward a poverty trap for some regions, while the richer ones 

keep their growth at relatively high rates. Overall, it seems that regional disparities across Europe 

are, on average, large and persistent, with a high degree of stability among the relative rankings of 

European regions. 

The discussion of the persistence of the relative rankings of European regions brings up the 

issue of cohesion funds impact upon regional economic performance. Regions that received 

European funds can be found both in the clusters with high and with meagre growth paces. Hence, 

the evidence is, at most, ambiguous and is in line with recent conclusions in the literature, noticing 

that the negative result found at a global level in other studies in fact masked important disparities 

in the effects of the structural funds, since their local impacts have been very diverse across 

regions. The discussion of these impacts, after having unleashed the clusters' membership, is our 
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next research avenue, along with the study of the specific features of each of the generated 

clusters. 

IV. Annex 

Table IV.A: NUTS 2 labels 

Label Region Label Region Label Region 

be21 'Prov. Antwerpen' es53 'Illes Balears' at34 'Vorarlberg' 

be22 'Prov. Limburg (B)' es61 'Andalucia' pt11 'Norte' 

be23 'Prov. Oost-Vlaanderen' es62 'Región de Murcia' pt15 'Algarve' 

be24 'Prov. Vlaams Brabant' es63 'Ciudad Autónoma de Ceuta (ES)' pt16 'Centro (PT)' 

be25 'Prov. West-Vlaanderen' es64 'Ciudad Autónoma de Melilla (ES)' pt17 'Lisboa' 

be31 'Prov. Brabant Wallon' es70 'Canarias (ES)' pt18 'Alentejo' 

be32 'Prov. Hainaut' fr10 'Île de France' fi13 'Itä-Suomi' 

be33 'Prov. Liège' fr21 'Champagne-Ardenne' fi18 'Etelä-Suomi' 

be34 'Prov. Luxembourg (B)' fr22 'Picardie' fi19 'Länsi-Suomi' 

be35 'Prov. Namur' fr23 'Haute-Normandie' fi1a 'Pohjois-Suomi' 

dk01 'Hovedstaden' fr24 'Centre' fi20 'Åland' 

dk02 'Sjælland' fr25 'Basse-Normandie' se11 'Stockholm' 

dk03 'Syddanmark' fr26 'Bourgogne' se12 'Östra Mellansverige' 

dk04 'Midtjylland' fr30 'Nord - Pas-de-Calais' se21 'Småland med öarna' 

dk05 'Nordjylland' fr41 'Lorraine' se22 'Sydsverige' 

de11 'Stuttgart' fr42 'Alsace' se23 'Västsverige' 

de12 'Karlsruhe' fr43 'Franche-Comté' se31 'Norra Mellansverige' 

de13 'Freiburg' fr51 'Pays de la Loire' se32 'Mellersta Norrland' 

de14 'Tübingen' fr52 'Bretagne' se33 'Övre Norrland' 

de21 'Oberbayern' fr53 'Poitou-Charentes' ukc1 'Tees Valley and Durham' 

de22 'Niederbayern' fr61 'Aquitaine' ukc2 'Northumberland, Tyne and Wear' 

de23 'Oberpfalz' fr62 'Midi-Pyrénées' ukd1 'Cumbria' 

de24 'Oberfranken' fr63 'Limousin' ukd2 'Cheshire' 

de25 'Mittelfranken' fr71 'Rhône-Alpes' ukd3 'Greater Manchester' 

de26 'Unterfranken' fr72 'Auvergne' ukd4 'Lancashire' 

de27 'Schwaben' fr81 'Languedoc-Roussillon' ukd5 'Merseyside' 

de50 'Bremen' fr82 'Provence-Alpes-Côte d'Azur' uke1 'East Yorkshire and Northern Lincolnshire' 

de60 'Hamburg' fr83 'Corse' uke2 'North Yorkshire' 

de71 'Darmstadt' ie01 'Border, Midlands and Western' uke3 'South Yorkshire' 

de72 'Gießen' ie02 'Southern and Eastern' uke4 'West Yorkshire' 

de73 'Kassel' itc1 'Piemonte' ukf1 'Derbyshire and Nottinghamshire' 

de91 'Braunschweig' itc2 'Valle d'Aosta/Vallée d'Aoste' ukf2 'Leicestershire, Rutland and Northants' 

de92 'Hannover' itc3 'Liguria' ukf3 'Lincolnshire' 

de93 'Lüneburg' itc4 'Lombardia' ukg1 'Herefordshire, Worcestershire and Warks'

de94 'Weser-Ems' itd1 'Provincia Autonoma Bolzano-Bozen' ukg2 'Shropshire and Staffordshire' 

dea1 'Düsseldorf' itd2 'Provincia Autonoma Trento' ukg3 'West Midlands' 

dea2 'Köln' itd3 'Veneto' ukh1 'East Anglia' 

dea3 'Münster' itd4 'Friuli-Venezia Giulia' ukh2 'Bedfordshire, Hertfordshire' 

dea4 'Detmold' itd5 'Emilia-Romagna' ukh3 'Essex' 

dea5 'Arnsberg' ite1 'Toscana' uki1 'Inner London' 

deb1 'Koblenz' ite2 'Umbria' uki2 'Outer London' 

deb2 'Trier' ite3 'Marche' ukj1 'Berkshire, Bucks and Oxfordshire' 

deb3 'Rheinhessen-Pfalz' ite4 'Lazio' ukj2 'Surrey, East and West Sussex' 

dec0 'Saarland' itf1 'Abruzzo' ukj3 'Hampshire and Isle of Wight' 

def0 'Schleswig-Holstein' itf2 'Molise' ukj4 'Kent' 

gr11 'Anatoliki Makedonia, Thraki' itf3 'Campania' ukk1 Gloucestershire' 

gr12 'Kentriki Makedonia' itf4 'Puglia' ukk2 'Dorset and Somerset' 

gr13 'Dytiki Makedonia' itf5 'Basilicata' ukk3 'Cornwall and Isles of Scilly' 

gr14 'Thessalia' itf6 'Calabria' ukk4 'Devon' 
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Table IV.A: NUTS 2 labels (continuation) 

Label Region Label Region Label Region 

gr21 'Ipeiros'   itg1 'Sicilia'   ukl1 'West Wales and The Valleys' 

gr22 'Ionia Nisia'   itg2 'Sardegna'   ukl2 'East Wales' 

gr23 'Dytiki Ellada'   nl11 'Groningen'   ukm2 'Eastern Scotland' 

gr24 'Sterea Ellada'   nl12 'Friesland (NL)'   ukm3 'South Western Scotland' 

gr25 'Peloponnisos'   nl13 'Drenthe'   ukm5 'North Eastern Scotland' 

gr30 'Attiki'   nl21 'Overijssel'   ukm6 'Highlands and Islands' 

gr41 'Voreio Aigaio'   nl22 'Gelderland'   ukn0 'Northern Ireland' 

gr42 'Notio Aigaio'   nl31 'Utrecht'   no01 'Oslo og Akershus' 

gr43 'Kriti'   nl32 'Noord-Holland'   no02 'Hedmark og Oppland' 

es11 'Galicia'   nl33 'Zuid-Holland'   no03 'Sør-Østlandet' 

es12 'Principado de Asturias'   nl34 'Zeeland'   no04 'Agder og Rogaland' 

es13 'Cantabria'   nl41 'Noord-Brabant'   no05 'Vestlandet' 

es21 'Pais Vasco'   nl42 'Limburg (NL)'   no06 'Trøndelag' 

es22 'Comunidad de Navarra'   at11 'Burgenland (A)'   no07 'Nord-Norge' 

es23 'La Rioja'   at12 'Niederösterreich'   ch01 'Région lémanique' 

es24 'Aragón'   at13 'Wien'   ch02 'Espace Mittelland' 

es30 'Comunidad de Madrid'   at21 'Kärnten'   ch03 'Nordwestschweiz' 

es41 'Castilla y León'   at22 'Steiermark'   ch04 'Zürich' 

es42 'Castilla-la Mancha'   at31 'Oberösterreich'   ch05 'Ostschweiz' 

es43 'Extremadura'   at32 'Salzburg'   ch06 'Zentralschweiz' 

es51 'Cataluña'   at33 'Tirol'   ch07 'Ticino' 

es52 'Comunidad Valenciana'         
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V. Concluding remarks and the research in 
progress 

This research approach fits into a line of investigation that searches answers for 

convergence problems and that looks for the endogenous determinants of regional growth. Within 

this area, a key question in the empirics of economic growth is the catching up process of income 

of poor economies to the income of richer ones (Durlauf and Quah, 1999, Durlauf, et al., 2005, 

Barseghyan and DiCecio, 2011). This research project draws along this avenue and specifically 

focuses on the dynamics of European regional convergence. The usefulness of such an analysis 

comes from the undergoing process of economic integration in Europe, especially in a context in 

which European public funds are negotiated and granted. 

The research design was organised in order to evaluate empirically the following proposition: 

promoting higher levels of growth might require accepting some degree of geographic 

concentration (agglomeration) of economic activity, generally in the best-endowed regions. Such a 

proposal was suggested by Farole, et al. (2011). 

A first step was to understand the underlying dynamics of the economic system. Hence, the 

research’s first attention closed down on the growth process underway in Europe, with the initial 

coverage of the notions of convergence – concepts of β-convergence and σ-convergence – and 

the attention given to the income distribution details. A first result stood up from this endeavour: the 

convergence process might not persist indefinitely and raises the possibility of transience in the 

catching-up process underway in Europe. The evidence corroborates the 'convergence clubs' 

hypothesis, nevertheless, due to the more pronounced right skewed ergodic distribution of income 

per capita, a long run trend towards a wider set of high income per capita regions could be 

expected, signalling the possible formation of new clusters, i.e. more groups of economies that 

present homogeneous economic growth patterns and which converge towards a common steady 

state. Naturally, such a result might imply some shadows over the overall European goal of 

decreasing regional income disparities without hampering economic growth processes. However, 

as noted by Caggiano and Leonida (2013), the evidence signalling multimodality -  hence, club 

convergence – does not rule out the presence of absolute convergence in Europe.  

The subsequent step was to take a closer look to the 'convergence clubs' that could be 

devised. According to such hypothesis, these clubs are clusters of regions with distinct growth 

trajectories between them but whose members display a common growth pace. In this regard, the 

patterns of specialization set in in Europe were analysed, and the results revealed that the 

geographic localization displayed a very important role in its spread, both due to its impact in the 

patterns of the economic structure and to its effects in the economic regional growth. Profiles of 

specialization of regions were traced out according to the regional productive structure. Some 

regions with a particular productive structure displayed a growth rhythm which was statistically 
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higher than the one found for regions with other productive structures. Such a result is consistent 

with the homogeneousness hypothesis of productive structures and subsequently, with the 

convergence clubs hypothesis. Such a result also implies that regional policy design should take 

these local conditions into account.  

The discussion of regional profiles is related to the debate over the optimal strategy to 

promote sustained growth. The specialization strategy (through the development of clusters of 

activities) is often compared with the focus on diversification of a region’s economic basis, while 

designing public policies. The construct for this phenomenon had a statistically significant relation 

with the profiles traced out, as expected theoretically, even if the dataset did not disclose a finer 

grain (the quality of the traced profiles in framing out the patterns of specialization set in each 

region could be improved with more detailed datasets). 

Along with the study of the profiles of regions, the spread of the variables of interest (profiles 

of economic basis, the diversity measure and the GVA growth) across the European space were 

analysed. The literature stressed that space was a relevant factor in this regard and our approach 

corroborates those insights with the evidence of clustering in space found. Moreover, signs of a 

linear association between the values of the growth variables at a given location and the average of 

another variable at neighbouring locations were uncovered. In this sense, modelling an 

econometric relationship to deal with the drivers of growth between these variables has to consider 

the relevance of space.  

Retrieving once again the evaluation of regional growth trajectories (to appraise global or 

local convergence), the focus on the evolution of regional income inequalities and polarization over 

time discloses a long run tendency that admits more than two modes. Hence, an overall tendency 

of diminishing regional income inequalities can be devised along with sets of European regions 

displaying different velocities in their growth paces and grouping around different poles. In 

accordance with the convergence hypothesis, these clusters of regions are marked by 

homogeneous structures (such as in production function, preferences or government policies) and 

embrace a path of convergence towards a common steady state. The evidence signals a trend 

change by 2004, since by then polarization appears to grow at a faster pace while a revival of 

income inequalities turns out to be settling in (and the new accessing countries were left out of the 

sample). This trend casts some doubts over the effectiveness of the so-called cohesion policies, 

since it appears that especially in the new millennium there is no lessening of regional income 

inequalities and polarization. 

Taking into account explicitly the regional individual heterogeneity and focusing on each 

region transition path the estimations point to the existence of six convergence clubs in terms of 

per capita income across the European NUTS2 regions of our sample. From the evidence, initial 

conditions seem to have some power in explaining future growth, presumably due to their impact 

over the ability to adopt new knowledge and to make choices over the bundle of available 
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technologies. The results also show a clear tendency for the European regional growth process to 

be undertaken with several velocities, which point to a likely future increase in disparities among 

European regions – the relative transition paths estimated seem to drift the clusters apart from 

each other. Therefore, not only the catching-up of the poorest regions with the richer ones is at 

best (very) slow, but there is a progressive bias toward a poverty trap for some regions, while the 

richer ones keep their growth at relatively high rates. Overall, it seems that regional disparities 

across Europe are, on average, large and persistent, with a high degree of stability among the 

relative rankings of European regions.  

These research results confirm clearly the proposition by Farole, et al. (2011), which stated 

that promoting higher levels of growth might require accepting some degree of geographic 

concentration (agglomeration) of economic activity, generally in the best-endowed regions. 

Specifically, the results in the last section prove that decreasing regional income disparities without 

hampering economic growth processes have not been achieved in Europe for the period under 

study. Hence, there is a trade-off between efficiency and equity.  

This discussion brings up the issue of structural funds impact upon regional economic 

performance. Even if no causality can be inferred from either the occurrence or the lack of 

convergence or from its speed which may result from many economic, social and policy factors 

other than the EU assistance, the fact is that the regional disparities seem to persist over time, with 

little changes over the relative position of regions. Since regions that received European funds can 

be found in all clusters, irrespective of their growth performance, then it might be inferred that there 

are other factors playing a critical role. As previously noticed, and in accordance with the proposals 

from the new economic geography literature, there are signs of agglomeration effects (economies 

of scale and externalities), and of neighbourhood effects. 

The evidence just covered implies some ambiguity in the direction of the structural fund’s 

impact, even if at a global level the literature mentions a negative impact18. In this sense, to 

understand regional growth, a proper modelling of the drivers of growth has to be devised. The 

literature reveals consensus over the relevance of neighbourhood effects in growth and 

convergence processes and, therefore, about the need to model spatial technological 

interdependence (the previous approach has already confirmed the need to undertake such an 

effort). It is usually assumed that the stock of knowledge in one region may spill over into other 

regions with an intensity which decreases with geographical distance – this is the so-called ‘spatial 

diffusion with friction’19. Ertur and Koch (2007), while taking such an assumption, developed an 

                                                      
18 The studies over the relevance of Structural Funds for growth show no consensus on the outcomes. While 
some find positive effects (Cappelen et al., 2003, Becker, et al., 2010), others get to inconclusive (Rodríguez-
Pose and Fratesi, 2004, Mohl and Hagen, 2010, Pinho et al., 2013) or even negative results (Fagerberg and 
Verspagen, 1996). For instance, the impact of EU transfers over growth  was found non-significant, by 
Dall'erba and Le Gallo (2008), whereas Le Gallo et al. (2011) estimated a weak effect of Structural Funds on 
regional growth but very different local impacts. 
19 Most of the empirical studies are grounded on spatial econometrics, acknowledging the reaction between 
space and growth. Magrini (2004), Abreu et al. (2005), Rey and Janikas (2005), and more recently, Ertur and 
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approach that leads to the conclusion that the growth rate of a given region is dependent on its own 

conditions (encapsulating both initial conditions and structural features – such as working-age 

population growth rate and human and physical capital accumulation rates) and also on the 

conditions of the neighbours of that given region (again both initial conditions and structural 

features). Hence, in accordance with other contributions in the literature, this knowledge spillover 

effect has an intensity which can be related to some conceptualization of proximity. 

Besides Ertur and Koch (2007), Egger and Pfaffermayr (2006), Fingleton and López-Bazo 

(2006), Ertur and Koch (2011) and Pfaffermayr (2009, 2012) are examples of approaches, 

grounded on distinct theoretical umbrellas (from neoclassical growth framework, to endogenous 

growth or even the Schumpeterian approach), that emphasize the relevance of neighbourhood 

effects in growth and convergence processes and the need to model spatial technological 

interdependence. However, the way as these methodologies have been empirically implemented 

has an econometric drawback stressed by Corrado and Fingleton: the economic foundation of 

many models is at its weakest when the so-called W matrix is addressed. This matrix reflects the 

structure of spatial interdependences and, usually, when it is combined with the independent 

variable, generates a product which is a highly significant variable in such a regression. This high 

significancy has suggested the existence of a spillover mechanism, whereas it could be read as a 

mere effect of omitted spatially dependent variables in the regression. As noted by Corrado and 

Fingleton (2011), the W matrix is a concept which is almost inescapable to produce reliable 

estimates – consequently, in the research ahead, the efforts are taking into account these authors’ 

strong recommendation to provide an economic and theoretical justification for the matrix used. 

The research under progress is inspired by the French school of proximity (Bellet et al., 

1993, Torre and Gilly, 2000), and the model incorporates various facets of the notion of proximity 

(as proposed by Boschma, 2005). The robustness of the results of this line of research are still 

under test, but the overall aim is to assess, for the European regions under focus, the interaction 

effects of the considered forms of proximity in knowledge spillovers. 

A subsequent avenue for research, which is also underway, is the development of an 

econometric growth regression which incorporates the amount of European structural funding as 

an explanatory variable among others. However, the use of regional data at NUTS 2 level is faced 

with acute issues related to info availability and reliability. On the one hand, some EU programs 

have a national or a trans-regional scope – which implies uneasiness to attribute public funding to 

some regions and brings questions over the reliability of the analysis –,  whilst on the other hand, 

for some factors which can impact growth, there are no available statistics. 

. 

  

                                                                                                                                                                 
Le Gallo (2009), Rey and Le Gallo (2009), Basile and Usai (2012) and Dall'erba and Llamosas-Rosas (2012) 
present reviews of the state of the art on this subject. 
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