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A B S T R A C T   

From an economic, political and social standpoint, one of the most evident and visible features of today’s Eu-
ropean Union as a supranational regional organization is its heterogeneity, where disparity seems to be the 
common denominator. This leads to the interest for measuring the territorial economic cohesion of the EU. From 
an eminently economic perspective, and working with the GDP per capita of the EU NUTS-2 regions for the 
period 2003–2021, this paper aims to provide evidence of a lack of territorial economic cohesion through a beta 
and sigma convergence methodology by applying cross-sectional and spatial panel data analysis. 

The findings show that the speed of convergence depends mainly on the level of economic development, its 
cycles and the heterogeneity of the, which implies conditional convergence. Less developed regions show higher 
convergence speeds, which are also accentuated during recession periods. Greater heterogeneity among the 
regions also increases the convergence speed, while accentuating in the less developed regions. In general terms, 
the results reveal convergence speeds of the entire NUTS-2 regions between 7 and 11 per cent (much higher than 
2 per cent under absolute convergence). Likewise, when considering spatial dependence, a reduction in 
convergence speeds between approximately 3 and 8 per cent is detected. Finally, the 29 vulnerable regions have 
been identified, with economic development and growth below the EU average mean, emphasizing the need to 
take the concerns of territorial economic cohesion into account.   

1. Introduction 

Within the current context of globalization, the process of building 
the EU requires precise, updated and appropriate knowledge of the 
territory to facilitate its diagnosis, as well as the adoption of political 
decisions, monitoring and periodic evaluation of public policies and 
their territorial impact. These requirements entail an instrumental 
challenge for the EU cohesion policy, assuming that a reduction in ter-
ritorial disparities implies greater cohesion and, therefore, greater ter-
ritorial balance, which in turn fosters greater economic development. 

It is worth mentioning that the study and analysis of regional dis-
parities in a certain territory, traditionally in reference to the gross do-
mestic product per capita (GDPpc), has led to the analysis of the 

evolution of the reduction of such disparities, due to the need to analyse 
progress in terms of territorial economic convergence. Nevertheless, if 
we aim to determine the progress towards greater economic and social 
cohesion, its measurement may require the use of a broader set of in-
dicators to assess population structure, educational levels, unemploy-
ment, living conditions, etc. Thus, for instance, Rodil et al. [1] involve 
factorial decomposition analyses to take into account the combination of 
the GDPpc indicator with productivity and employment. However, this 
perspective, although interesting, is beyond the scope of the present 
work. In this regard, when measuring the territorial economic cohesion 
of the EU NUTS-2 regions, in our research the GDP per capita is used as 
the main indicator of the development of these regions, which also 
summarises the evolution of the set of aforementioned indicators. 
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From an economic, political and social point of view, one of the most 
evident and visible features of the present-day EU is precisely its het-
erogeneity, encompassing within its borders a whole range of socio-
economic situations where disparity seems to be the common 
denominator. Hence, there is increasing interest in measuring territorial 
cohesion and regional disparities in the EU through economic conver-
gence between its regions. The notion of territorial cohesion has been 
built on the pristine notion of economic and social cohesion established 
in the European Economic Community Treaty around "harmonious and 
balanced development", a kind of spatial harmony that the European 
Territorial Strategy, the Green Paper on Territorial Cohesion and the 
Lisbon Treaty itself aim for. 

It is convenient, for the purposes of this work, to make a brief and 
clear distinction between the general concept of territorial cohesion and 
the concept of territorial economic cohesion. In this regard, the concept 
of "territorial cohesion" is above all political and multidimensional 
([2–9], among others), so that it can be considered as a means to achieve 
competitiveness and economic growth objectives [10]. We can say that 
it is part of the planning and territorial ordering processes in favour of 
the balanced integration of the dimensions that make up the territorial 
system (sociocultural, economic-productive, political-institutional and 
physical-environmental) and socio-spatial harmony in the long term 
[11]. 

On the other hand, “economic cohesion” supposes the establishment 
of links between the components that allow the gearing of an economic- 
productive scheme, framed in the principles of environmental sustain-
ability and good governance. Therefore, economic cohesion becomes an 
input for territorial cohesion [12]. 

Taking into account the previous premises and on the basis of a prior 
literature review, this paper carries out an analytical study of conver-
gence in the NUTS-2 regions of the EU from an eminently economic 
perspective, using GDPpc (gross domestic product per capita in pur-
chasing power parity) as the variable of empirical analysis. Our main 
objective is to provide evidence of regional disparities through a beta 
and sigma convergence methodology applied to the 242 cohesion re-
gions of the EU, using panel data analysis. The research period is be-
tween 2003 and 2021 due to the availability of Eurostat data for 242 
NUTS-2. The paper aims to contribute to the existing literature in the 
field of empirical analysis of regional economic convergence in the EU, 
through the traditional convergence approach (sigma and beta), 
applying panel data analysis and adopting a regional perspective, a level 
of disaggregation that, in our opinion, allows reaching more conclusive 
results. 

Despite the wide range of studies on beta-convergence, there are 
important aspects that have not been sufficiently developed, such as the 
advantages and disadvantages of the methodologies applied, the theo-
retical approaches used, the different empirical results obtained without 
detailed justification, or the existence of different types of convergence. 
Also, the ongoing controversies in the use of the term "conditional" in the 
analysis of convergence, which can imply different steady states, factors 
related to steady states, or growth-determining factors should be 
mentioned. For example, Islam [13] identifies up to seven dichotomies 
regarding the convergence process. In particular, in this paper, relying 
on empirical evidence, we aim to clarify the advantages and disadvan-
tages of using conventional panel data versus cross-section analysis, 
precisely focusing on how different convergence results can be obtained 
in the EU NUTS-2 regions, depending on the consideration of multiple 
factors such as the existence or absence of different steady states, levels 
of economic development, economic cycles, the 2008 financial crisis, 
COVID-19, and the impact of neighbouring regions under a context of 
territorial economic cohesion. 

In line with these intentions, the article presents the following 
structure: the first section is the introduction; second section compiles 
one of the possible literature reviews on regional disparities in the EU, 
convergence, and spatial analysis; the third section comprises the 
analysis of sigma and beta convergence with static panel data and cross- 

sectional and spatial analysis; the fourth section describes the territorial 
economic convergence of the 242 EU NUTS-2 regions; the fifth section 
shows the observations and descriptions of data panel analysis of GDP 
per capita, after which we proceed with the results obtained with 
different methods, including the spatial analysis; and finally, the last 
section provides the discussion and main conclusions regarding our 
research. 

2. Literature review 

Regional disparities in GDP per capita and their evolution are topics 
that have been widely studied in the field of economics, especially in 
recent decades, and have typically been linked to concerns about the 
unequal development of territories1 (regions/countries), to which con-
siderations regarding environmental, ecological, well-being and social 
cohesion elements have been added [14]. 

Such analyses, from the neoclassical school with Solow [15,16] at 
the forefront to the endogenous growth school, with Romer [17,18], 
Lucas [19], Abramovitz [20], Rebelo [21], Barro [22], Alburquerque 
[23], and Vázquez Barquero [24] as the most representative authors, 
have attempted to explain the existence or absence of economic 
convergence among regions/countries (with caution regarding their 
interpretation depending on the periods analysed, regions sampled, 
geographical scale, methodologies applied, etc.), either by studying the 
movements of the richest regions (centre) and the poorest regions (pe-
riphery) towards the same long-term steady state (based on the existence 
of diminishing marginal returns to capital), in the former case; or based 
on technological changes, in the latter case. However, either way, both 
the theoretical and empirical debate2 on regional disparities in GDP per 
capita has largely revolved around the different meanings of the concept 
of convergence, especially those of beta and sigma convergence, 
depending on whether the focus is on the growth rate of GDP per capita 
in regions with maximum and minimum starting levels to reduce the 
gap, in the former case, or on diminishing the level of dispersion 
(measured in terms of standard deviation) of the set of regions, in the 
latter case. 

Likewise, the different results of convergence analysis have also been 
due to the different convergence approaches employed [25]. In this 
sense, contributions to the literature on economic convergence can be 
highlighted from two main approaches: the classical approach and a 
more dynamic approach, which considers distribution and temporal 
evolution. 

Within the classical approach, mention should be made of the con-
tributions from scholars such as Barro [22]; Barro and Sala-i-Martin 
[26]; Sala-i-Martin [27], who introduce the dual concept of absolute 
and conditioned beta convergence, as well as those of López-Bazo [28] 
and Villaverde [29], who discuss clear and continuous convergence 

1 Cuervo and Morales [69] highlight three major groups of contributions 
concerned with explaining the uneven development of territories. These groups 
include contributions from the stream of cumulative causation theory since the 
late 1950s, neoclassical theory, centre-periphery and dependency theories from 
the 1960s, the theory of growth poles, New Economic Geography and the 
convergence hypothesis, which began around 2000 and whose main repre-
sentatives are Barro [70] and Sala-i-Martín [71], Keynesian "economic base" 
models, post-Fordist or flexible accumulation current models, to the prolifera-
tion of contributions with a more territorial focus, considering the internal 
capacities of territories as a fundamental element of their development 
(endogenous growth models), with Alburquerque, F [23]. and Vázquez Bar-
quero [24] as the most representative authors.  

2 See Eckey and Türck [72] who provided a synthesis of studies on regional 
convergence in Europe. In addition to beta and sigma convergence, other 
methodologies are used, taking into account spatial dependence, sector type, 
conditional convergence, and the existence of convergence clubs, as well as the 
so-called Marckof chains approach (based on the computation of transition 
matrices), among others. 
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trends. Other notable research should include Dewhurst and Mutis [30]; 
Neven and Gouyette [31]; Cuadrado-Roura [32]; Armstrong [33]; Yin 
et al. [34]; Niebuhr and Schlitte [35]; Basile et al. [36], who analyse 
variations in the speed of regional convergence processes from the 1950s 
to the late 1990s. From the dynamic approach to disparity analysis, 
noteworthy contributions encompass those of López-Bazo et al. [37]; 
Tondl [38]; Cappelen et al. [39], which do not find clear evidence of 
sigma convergence in their analyses. Additionally, Rodil et al. [1] 
analyse the degree of regional convergence in the Eurozone (EU-12) 
from 1995 to 2011, employing sigma convergence tests (evolution of 
GDP per capita dispersion) and beta convergence (relationship between 
the initial level of GDP per capita of analysed regions and their rate of 
variation over time), yielding temporary results indicating both 
converging trends and weak convergence (negative slope regression line 
with very low quality of fit) or even diverging trends. 

Furthermore, it is important to highlight other approaches to 
regional income analysis aimed at deriving results on development 
convergence. In this regard, researchers such as Bleaney and Nishiyama 
[40]; Ezcurra and Pascual [41]; Tselios [42], Bonesmo Fredriksen [43]; 
Rodríguez-Pose and Garcilazo [44]; Castells-Quintana, Ramos and 
Royuela [45]; Chambers and Dhongde [46], and Savoia [47], among 
others, all focus on measuring income inequality convergence. It is also 
crucial to mention that the results of convergence analyses can vary in 
sensitivity depending on the accessed dataset [48]. 

On the other hand, in the analysis of convergence, the impact of 
spatial influence should not be overlooked, both in terms of spatial lag 
and spatial error autocorrelation, expanding the traditional beta 
convergence model to include, through panel data models, treatment of 
spatial correlation among intercept terms [49–51]. Arbia et al. [52] 
analyse regional growth based on the effects of spatial dependence and 
spatial heterogeneity. Postiglione et al. [53], for example, work at 
NUTS-3 level of EU regions with a view to demonstrate a greater spatial 
interaction when analysing economic convergence. [54], Andrei et al. 
[55] and Chen [56] analyse in their research the possibility of measuring 
spatial dependence through the Moran’s Index (1950) as an extension of 
Pearson’s correlation coefficient to a spatial environment [57]. 

3. Convergence analysis and territorial economic cohesion 

This section deals with both sigma and beta convergence analysis. In 
this regard, Barro and Sala-i-Martín [58] argue that sigma and beta 

convergence are related to each other. If there is no beta convergence 
(meaning the relationship is not inverse), then the dispersion of the 
indicator among regions continues to grow over time (sigma diver-
gence). This is due to the fact that the poorer regions do not grow enough 
in terms of income, and that the richer regions do not reduce their 
growth, ultimately increasing the gap or inequality. However, beta 
convergence is a necessary, though not sufficient, condition. 

3.1. Sigma convergence 

As for sigma convergence, it usually means the convergence of 
regional economies, typically referring to the tendency for regional in-
come levels or GDP per capita to equalize over time until they reach a 
"stationary" or "equilibrium" value. The literature identifies two types of 
convergence: beta convergence and sigma convergence. The first one 
establishes an inverse relationship between the growth rate and the 
initial level of GDP per capita,3 while the second indicates the rela-
tionship between the dispersion of GDP per capita across regions and 
time. 

Various measures known as static measures4 of regional inequality 
are collected5 by means of sigma convergence analysis In summary, 
these inequality measures are6: (i) Maximum/minimum ratio, (ii) Co-
efficient of variation, (iii) Relative mean deviation, (iv) Gini Index, (v) 
Atkinson Index, and (vi) Theil Index. 

The dynamic analysis of the sigma convergence phenomenon is 
characterized by a process of reducing inequalities over time. Following 
the procedure described by Gomleksiz et al. (2017), the dynamic anal-
ysis of regional inequality measures leads us to formulate the following 
model of deterministic trend7: 

It = γ0 + γ1t + ut (1) 

Fig.1. Sigma convergence and territorial cohesion. 
Source: Own elaboration 

3 To reach the "stationary" level common to all regions, regions starting with 
a low GDP per capita need to grow more compared to those starting with a 
higher GDP per capita.  

4 They are termed static because they are calculated for a specific period, 
typically one year.  

5 For a review of the literature on these measures, you can refer to: Jean et al., 
2022, [54,73].  

6 See Dogan and Kındap [54] for further details on the measures.  
7 The evolution of time series could also have a stochastic nature [74]. 
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where It is the measure of inequality. Sigma convergence implies γ1 < 0. 
Sigma convergence provides an instantaneous view of regional dis-

parities and the dispersion of regional income. However, the measures 
themselves do not allow us to identify those regions/countries that are 
adjusting to the convergence process or undergoing a divergence pro-
cess. In this regard [54], point out that sigma convergence is very useful 
but not sufficient to understand the convergence phenomenon. 

Using the sigma convergence criterion, we can speak of territorial 
cohesion if the disparities among the set of regions decrease over time, 
thus contributing to explaining the economic development of the entire 
set of regions. In this regard, Garashchuk et al. [12] propose using the 
Gini, Atkinson, and Theil inequality measures as indicators of disparity 
and relate the disparities to economic development (see Fig. 1). 

3.2. Beta convergence with cross-sectional analysis 

The first comprehensive method for measuring beta convergence 
across economies was introduced by Barro and Sala-i-Martin [26,58]. 
For the time being, let us assume that we have observations at only two 
points in time: 0 and T. According to the multivariate proposal of Barro 
and Sala-i-Martin [59], the formulated equation will be as follows: 

1
T

ln
(

GDPiT

GDPi0

)

= x −

(
1 − e− βT

T

)

ln(GDPi0)+

(
1 − e− βT

T

)

ln
(
GDP∗

i
)
+ ui0,T

(2)  

where ui0,T represents the effect of the error terms, between dates 0 and 
T; GDP∗

i is the steady-state level of GDP per capita; and x is the rate of 
technological progress, which we assume is the same for all economies 
and periods. 

Observing equation (2), it is worth noting that it implies the term 
(

1− e− βT

T

)

ln
(
GDP∗

i
)

as an explanatory variable. Thus, not only does the 

growth rate of economy i depend on its initial level of GDP per capita, 
GDPi0, but it also depends on the GDP per capita level in the steady state. 
Therefore, the concept of "conditional" convergence is applied, instead 
of “absolute” convergence: the growth rate of an economy negatively 
depends on its initial level of GDP after we "condition" it to its steady 
state.8 

For our purposes, if we aim to estimate the convergence speed in the 
set of 242 NUTS-2 regions under a cross-section analysis, equation (2) 
can be rearranged and simply estimated by means of the following 
equation for the NUTS-2 regions: 

yi =α+ γxi + γ ln
(
GDP∗

i
)
+ ui (3)  

where yi = ln
(

GDPi,T
GDPi,0

)

, xi =

(

ln
(
GDPi,0

)
− 1

N
∑N

i=1ln
(
GDPi,0

)
)

and γ is 

the coefficient to be estimated for detecting the convergence. 
Moreover, the coefficient α corresponds to the average growth [60] 

of the regions between periods 0 and T.9 

A negative value of γ indicates convergence. A positive value in-

dicates divergence. The convergence rate/speed (β)10 can be calculated 
by using the following equality: 

γ = −
(
1 − e− βT) (4)  

β= −
ln(1 + γ)

T
(5)  

In addition, half-life (τ), defined as the necessary period for half of the 
initial income inequalities to disappear, is another common indicator to 
characterize the speed of convergence. It is calculated as follows: 

τ= Ln(2)
β

(6) 

However, in most studies, researchers choose to estimate equation 
(7), which represents "absolute" convergence which omits the steady 
states and possible spatial dependence: 

yi =α + γxi + vi (7)  

vi = γ ln
(
GDP∗

i

)
+ ρWyi + ηit |ρ|<1  

ηit = λWηit + εi |λ| < 1  

W=
[
wij
]

nxn 

The matrix W has as many rows and columns as there are spatial 
units. Each element of the matrix is non-zero for pairs of regions which 
are neighbors. As a region cannot be its own neighbour, element wij = 0 
for i = j (Górna and Górna, 2015) [61]. The term Wyi suggests a spatial 
autoregressive model (SAR) and the term Wηit a spatial error model 
(SEM). 

Even if we assume that the regions are not subject to spatial 
dependence (ρ = λ = 0), the problem is that to ensure the consistency of 
the LS estimator, and one of the following situations is required: i) 
consider that GDP∗

i = GDP∗ and ii) the steady state of each region is not 
related to its initial situation. The first is difficult to achieve when 
working with regions from different countries, and the second, if it oc-
curs, implies a positive correlation. Admitting different steady states, the 
asymptotic bias when applying LS will be positive, so the convergence 
speeds will be biased downwards. In that case, it would be necessary to 
resort to a "conditional" convergence analysis, that is, to determine the 
convergence speed conditioned to the steady state of each region. The 
formulated equation will be as follows: 

yi =α + γxi + δZi + εi (8)  

where Zi collects the explanatory factors that may be related to the 
steady state but not to εi. 

The analysis of conditional convergence requires substantial data on 
relevant variables for each region. Furthermore, the "conditions" in the 
convergence analysis could vary from one country to another, or in our 
case, from one NUTS-2 to another. For example, convergence may be 
hindered by structural differences in regional economies, differences in 
human capital, interregional taxation, the structure of interregional 
transfers, differences in political structure, etc. Therefore, a fruitful 
analysis of these "conditions" within any country or region would 
require a separate document, which is one reason why most empirical 
articles on regional convergence focus on a single country or regions 
within a single country. 

In any case, even incorporating the variables the problem of 

8 Indeed, Barro and Sala-i-Martin [75] pointed out that beta convergence can 
be approached under two hypotheses: (i) absolute (unconditional) convergence 
and (ii) conditional convergence. The first addresses convergence under the 
assumption of the existence of a single steady state for all regions or countries, 
such that the growth of regions is solely explained by their initial endowments. 
The second hypothesis allows for the possibility that growth rates depend on 
the conditions of each economy in the region, as well as the quality of internal 
policies [76].  

9 By grouping the determinant variables of the "average" steady state of the 
set of regions or countries: the initial level of technological progress and its 
growth rate (Ao, x), the savings rate (s), the population growth rate (n), and the 
depreciation rate (δ) (see Ref. [76]).. 

10 For the convergence speed to be defined, it must be the case that − 1 < γ <
0. If γ < − 1, then there is convergence, but the steady state is not defined. This 
can happen when there are regions that start from a very unfavourable initial 
situation and also have a steady state that is much lower than the average of the 
set of countries or regions. 
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inconsistency still exists if ρ∕=0. Andrei et al. [55], for example, apply a 
cross-sectional model with special effects applied to digitization, con-
ditioning it on other variables such as education or gross value added per 
capita. 

3.3. Beta convergence with panel data 

There have been many attempts to estimate the convergence speed 
using panel data analysis by controlling for fixed effects11: Caselli, 
Esquivel, and Laffort [62], for example, applied panel data for a repre-
sentative cross-section of countries, while Canova and Marcet [63] or 
Gömleksiz et al. [64] worked with regional data. Barro and Sala-i-Martin 
[59] point out that a supposed advantage of panel data analysis over 
cross-sections is that the steady state does not have to be kept constant, 
as it can be estimated for different countries or regions implicitly by 
applying fixed effects. 

Working with panel data to investigate the convergence hypothesis, 
we follow Barro and Sala-i-Martin’s [59] proposal for a multivariate 
approach, but considering all fixed effects and the presence of spatial 
dependence: 

yi,t =α+(ui + ut)+ γxi,t + νit (9)  

yi,t = ln
(
GDPi,t

)
− ln

(
GDPi,t− k

)
xi,t =

(

ln
(
GDPi,t− k

)
−

1
NxT

∑N

i=1

×
∑T

t=1
ln
(
GDPi,t− k

)
)

vit =
(
ρWyit + ηit

)
|ρ| < 1  

ηit = λWηit + εit |λ| < 1  

where the coefficient α, in this case, corresponds to the average growth 
[60] of the regions within the panel and represents a steady state and a 
rate of technological change for the entire set of regions in the EU. On 
the other hand, ui captures all the fixed effects among regions, repre-
senting, among others, the combined effect of institutions, factor en-
dowments and relative location, along with initial technological 
differences. Similarly, ut captures the fixed effects in the time units, that 
is, those changes over time that remain constant among regions, such as 
the rate of technological change [65]. All in all, the presence of the term 
ui implies admitting specific steady states for each region and, therefore, 
panel analysis with fixed effects entails a conditional analysis. The 
number of growth periods considered in the analysis is k.12 

The literature confirms that panel analysis with fixed effects implies 
a higher convergence speed than the one typically obtained through 
cross-sectional analysis. By using fixed effects, convergence speeds in 
the range of 12–20 percent annually are common, much higher than the 
2 % when working with cross-sections or panels without fixed effects 
[59]. Following the same author, a potential issue with panel use is that 
for it to work, many time observations need to be included to capture 
long-term convergence. This can only be achieved by shortening the 
time periods within which the growth rate is calculated, i.e., using low 
values of k. In other words, the dependent variable tends to be the 
annual growth rate or the growth rate over two to five years. The 

problem with such short time periods is that the growth rates tend to 
capture short-term adjustments around the trend rather than long-term 
convergences. In particular, the existence of economic cycles tends to 
bias the long-term estimates of convergence speeds upward during re-
cessions and reduce speeds during economic upswings. 

Moreover, a negative correlation13 between xi,t and νit would explain 
a negative bias in the results when omitting special dependence in the 
models, providing higher convergence values. To correct this bias, we 
consider the spatial effect by estimating the following equation: 

yi,t = α+(ui + ut)+ γxi,t + ρWyit + ηit (10)  

ηit = λWηit + εit |λ| < 1 

Due to the endogeneity introduced by the term Wyi,t, instrumental 
variables are applied using the Two-Stage Least Squares (2SLS) method 
using the initial situation of the regions and neighbouring regions as 
instruments: xi,t and Wxi,t. For panel heterogeneity, fixed effects by 
cross-section and period are applied [66]. In this regard, the Moran’s 
Index statistic [67] has been used to test for significant correlation be-
tween the variables or the absence of spatial correlation in the residuals 
(λ = 0). 

From the perspective of beta convergence, the higher or lower ter-
ritorial cohesion will be determined by the existence or absence of a 
single steady state for all regions. A single convergence rate implies 
higher territorial cohesion. Conversely, specific steady states or different 
convergence rates imply lower territorial cohesion. 

The consideration of specific steady states entails a loss of territorial 
cohesion, even if a single convergence rate is maintained for all regions. 
In that case, fixed effects should be applied. However, we cannot rule 

Fig. 2. Number of EU NUTS-2 according to its level of economic development. 
Source: Own elaboration based on data of Eurostat 

Fig. 3. Level of economic development of the EU regions (2021). 
Source: Own elaboration based on data of Eurostat 

11 The use of panel data may be justified if one wishes to control for the 
heterogeneity of the observed units ([66], pp. 4–7). In this case, the steady state 
is another source of heterogeneity. Fixed effect or random effects models are the 
two options for controlling for the heterogeneity that remains constant over 
time for each region [77]. Additionally, the fixed effects (FE) model is often 
applied when the differences between regions can be seen as parametric 
changes in the regression affecting the intercepts ([78], p. 293).  
12 The higher the value of k, the fewer the observations that are available in 

the panel. 13 Such a negative correlation could be justified if cov (xi,t , ρWyit
)
< 0 
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out the existence of different convergence rates among regions, which 
could further reduce territorial cohesion by fragmenting regions into 
different groups or clusters (depending on these rates). This research 
aims to identify the existence of such clusters by analysing which regions 
may be divergent, which are more or less convergent, and whether ul-
timately Europe has different convergence rates based on regional levels 
of development. To do this using pool analysis data, we propose esti-
mating the convergence rate from the following equation for each region 
with a lag k, that also allows ensuring the highest number of observa-
tions and once again represents a "conditional" convergence analysis: 

yi,t =α+(ui + ut)+ γixi,t + vit (11) 

Considering the convergence speeds of each region βi = −
ln(1+γi)

T . 
For the purpose of considering the spatial analysis, and mitigating 

the asymptotic bias in the convergence, the following specification has 
been proposed, which allows calculating region-specific convergence 
rates and a single spatial impact (βi, ρ) using FE2SLS again14: 

yi,t =α+(ui + ut)+ γi xi,t + ρWyit + ηit (12)  

ηit = λWηit + εit |λ| < 1 

Again, the Moran’s Index statistic has been used to test for significant 
correlation between the variables or the absence of spatial correlation in 

the residuals (λ = 0). 

4. Data panel of GDP pc: observations and descriptive analysis 

The panel data for GDP pc15 consists of 4598 observations, distrib-
uted across 242 NUTS-2 regions and spanning 19 years (2003–2021). 
With respect to levels of economic development,16 according to the 
official Eurostat classification, between 2003 and 2021 the number of 
most developed regions gradually decreased from 141 to 115, while the 
regions in transition and the less developed ones increased from 33 to 50 
and from 68 to 77, respectively (see Fig. 2) (see Fig. 3). 

Fig. 4 shows the initial and final situation of the regions in the panel 
with respect to the average. In the left graph, black points represent 
those regions that were below the average in 2003 and in 2021, while 
grey points represent the opposite. On the right side, a map shows the 
location of the regions. As can be seen, most of the regions that are below 
the average at the beginning and end of the period considered corre-
spond to the currently less developed regions. However, the evolution of 
average growth differs. 

If we calculate the average growth in the panel for long periods of 10 
years, that is k = 10 (see Fig. 5), two zones of differentiated growth can 
be distinguished. The regions in the west and south of Europe show 

Fig. 4. Initial (2003) and final (2021) situation in panel data. 
Source: Own elaboration based on data of Eurostat 

Fig. 5. Average growth rates for k = 10 of GDP (2003–2021). 
Source: Own elaboration based on data of Eurostat 

Fig. 6. Initial (t-10) mean values of GDP (2003–2021). 
Source: Own elaboration based on data of Eurostat 

14 Identification obviously requires that the coefficients γi and ρ have con-
straints. They can be divided into common (across cross-sections and periods), 
cross-section-specific, and period-specific regressor parameter sets. As in-
struments, xit, Wxit can be used, which capture the initial conditions of the 
regions and the neighbouring regions, and the results of the indirect neigh-
bouring regions (W2xit, W3xit), known as spillover effects [66,68]. 

15 Gross domestic product per capita at current market prices by NUTS 2 re-
gions (euros). The information used in this research is available at https://ec. 
europa.eu/eurostat/databrowser/view/nama_10r_2gdp__custom_11164473/de 
fault/table.  
16 The regions have been differentiated by levels of economic development 

according to the official EU Eurostat classification: https://ec.europa.eu/eurost 
at/web/regions/background. 
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growth rates between − 12.8 % and 22.5 %, while the regions in the 
centre and east show much higher average growth rates, up to 85.5 % in 
the eastern regions. 

These higher growth rates in the eastern regions are accompanied by 
a more unfavourable initial situation ten years ago (t-10) in these re-
gions (see Fig. 6), which confirms the existence of a convergence 
process. 

5. Results 

This section describes the results obtained by applying different 
methods of analysis, such as sigma and beta convergence and a fixed 
effects model in panel data. Finally, the convergence speeds of the 242 
EU NUTS-2 Regions were estimated during the period 2003–2021. 
Moreover, all these regions were clustered according to beta conver-
gence results. 

5.1. Sigma convergence and territorial economic cohesion analysis 

Fig. 7(left graphs) depicts the temporal evolution of three disparity 
measures: maximum/minimum ratio, Gini Index (GI), and Coefficient of 
Variation (CV). As can be observed, the increasing trend in economic 

development is associated with a reduction in disparities. However, not 
all disparity measures follow a similar temporal evolution. Thus, only 
the measure based on extreme values shows a clear reduction over time, 
while disparities in the economic development of the 242 NUTS-2 re-
gions and their dispersion (CV) are more influenced by economic cycles 
and the pandemic. Indeed, the GI inequality and the CV halted their 
reduction with the onset of the 2008 financial crisis. From then on, both 
indicators increased until the end of the crisis in 2014. Similarly, the 
pandemic also increased inequalities and dispersion in 2020. 

Following the methodology of Garashchuk et al. [12], where levels of 
disparity with economic development were compared, the graphs on the 
right show the degree of cohesion between the disparities obtained for 
the 242 NUTS-2 regions and the economic development of the EU. As 
can be seen, cohesion measured through the coefficient of determination 
is much lower in terms of inequality and coefficient of variation (0.23 
and 0.05 respectively) compared to the maximum/minimum ratio, 
where the coefficient rises to 0.76. 

5.2. Beta convergence analysis with the same steady state 

We begin by considering a single steady state in the set of the 242 
NUTS-2 regions, only applying the least squares (LS) method. 

Fig. 7. Disparities in EU-242 and territorial economic cohesion. 
Source: Own elaboration based on data of Eurostat 
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Conducting a recursive estimation process starting from the initial year 
of 2003, Table 1 presents the different estimations of equation (7) (cross- 
section) and equation (9) (panel analysis with LS) from 2008 (k = 5) to 
2021 (k = 18). The table includes estimations of α (average growth of 
the regions) and γ (convergence coefficient <0), the coefficient of 
determination R2, as well as the convergence rate and the time required 
to halve the differences in GDP per capita from its steady state. 

Fig. 8 reveals that as the temporal lag k in the growth rate increases, a 
gradual reduction in the convergence speed can be observed, until it 
stagnates around 2.5 %, with the results of the cross-section analysis and 
the panel analysis ultimately coinciding.17 

The beta convergence analysis allows classifying regions into four 
groups or clusters (see Fig. 9): (i) "emerging" regions with low initial 
levels alongside high growth rates (LH), (ii) "declining" regions with 
initial levels above the average along with low growth rates (HL), (iii) 
"divergent" regions with high initial values and also high growth rates 
(HH), and finally (iv) "stagnant or vulnerable" regions with low initial 
levels and low growth rates (LL). 

Indeed, using the average data of the 10-year growth rates (Fig. 6) 
and the average values of the initial values (Fig. 7), the scatter plot has 
been represented along with the regression line (between estimator18) 
(see Fig. 9). In this case, the convergence speed would be 2 %. On the 
right side of Fig. 9, the corresponding clusters are shown: 58 "emerging" 
regions, 121 "stagnant" regions, 29 "vulnerable" regions, and 34 "diver-
gent" regions. The territorial cohesion based on the clusters would be 

0.74. Table 2 lists the NUTS-2 regions and the countries belonging to 
each cluster. 

Fig. 10 presents the estimation using the between estimator and by 
periods, where it can be seen that less developed regions exhibit a higher 
slope (convergence speed) compared to more developed regions. Spe-
cifically, under the between estimator, the convergence speed in less 
developed regions is 4.8 % compared to 2.7 % in more developed re-
gions (see Table 3). With the estimator by periods, the difference is more 
than double.19 

5.3. Fixed effects model in panel data: different steady state 

Each region must be conditioned to its own steady state, in addition 
to controlling for the rate of technological change. Using equation (9), 
panel analysis allows controlling for steady states that remain constant 
over time (one-way by cross-section) and controlling for fixed effects in 
regions, such as the rate of technological change (one-way by period). 
By controlling for fixed effects (see Table 4), the value reached by the 
least squares method (around 2 % in the literature) is surpassed, 
reaching values between 7 % and 11 % when applying one-way fixed 
effects by cross-section and two-way fixed effects, respectively. 

The panel includes 2871 observations, which are grouped into four 
clusters: LH, HL, LL, and HH. Considering the convergent clusters, 
cohesion is 0.74, coinciding with the "between" estimator. Table 5 also 
includes the conditioned panel analysis for less developed and more 
developed regions. It can be observed that convergence speeds are 
higher in less developed regions when LS and one-way models are 
applied. More developed regions only surpass the convergence speed 
when controlling for fixed effects over time, including the rate of tech-
nological change, Likewise, territorial cohesion based on clusters reveals 
that it is higher precisely in less developed regions (0.87) than in more 
developed ones (0.60). 

Table 5 summarises the recursive estimations controlling for fixed 
effects by region to measure the convergence speed based on 10-year 
growth rates. Starting with the one-way method, it can be observed 
that during the crisis period that began in 2008, the maximum speed 
increased from 12 % in 2009 to 21 % in 2014, before decreasing to 2.9 % 
during the recovery period leading up to the pre-pandemic era. Since the 
COVID-19 pandemic, the speed has risen again, reaching 7 %. Addi-
tionally, the speed is not defined for the years 2010 and 2011. The re-
sults become even more remarkable when controlling for all fixed effects 
(cross-sectional and temporal), with figures easily reaching 25 % and 
then stabilising around 10 % after the economic crisis of 2008. In this 

Table 1 
Beta convergence (recursive estimate).  

Cross-section R2 Alpha Gamma Speed (%) Half-life (years) 

2008 0.71 0.30 − 0.25a 5.63 12.31 
2009 0.68 0.24 − 0.21a 4.01 17.30 
2010 0.66 0.27 − 0.22a 3.55 19.54 
2011 0.62 0.30 − 0.23a 3.32 20.89 
2012 0.57 0.31 − 0.24a 3.07 22.57 
2013 0.55 0.31 − 0.24a 2.80 24.80 
2014 0.55 0.33 − 0.25a 2.65 26.12 
2015 0.55 0.37 − 0.27a 2.58 26.90 
2016 0.55 0.39 − 0.27a 2.43 28.48 
2017 0.57 0.43 − 0.30a 2.53 27.37 
2018 0.59 0.47 − 0.32a 2.62 26.46 
2019 0.59 0.51 − 0.34a 2.63 26.40 
2020 0.55 0.46 − 0.35a 2.56 27.09 
2021 0.58 0.55 − 0.37a 2.58 26.89  

Panel R2 Alpha Gamma Speed (%) Half-life (years) 

2008 0.62 0.27 − 0.19a 4.16 16.66 
2009 0.66 0.30 − 0.22a 4.14 16.76 
2010 0.67 0.33 − 0.24a 3.98 17.40 
2011 0.66 0.34 − 0.25a 3.65 18.97 
2012 0.65 0.34 − 0.25a 3.19 21.72 
2013 0.63 0.36 − 0.26a 2.97 23.31 
2014 0.61 0.37 − 0.27a 2.80 24.75 
2015 0.60 0.39 − 0.27a 2.65 26.21 
2016 0.60 0.41 − 0.28a 2.51 27.62 
2017 0.60 0.44 − 0.29a 2.46 28.19 
2018 0.60 0.48 − 0.31a 2.46 28.15 
2019 0.61 0.51 − 0.33a 2.48 27.99 
2020 0.61 0.53 − 0.35a 2.53 27.36 
2021 0.61 0.56 − 0.37a 2.54 27.26 

Note: Initial period (2003). 
a p-value<0.01using Panel Correction Standard Errors (PCSE). 

Source: Own elaboration based on data of Eurostat 

Fig. 8. Beta convergence (recursive analysis). 
Source: Own elaboration based on data of Eurostat 

17 This estimation is biased downwards because, in fact, there are different 
steady states.  
18 The "between" estimator would represent a consistent estimator if steady 

states were not correlated with the initial situation of the regions. Otherwise, 
there will be a positive correlation that generates a positive bias, further 
reducing the estimation of the convergence speed. 

19 In any case, both estimators will be biased downwards in the presence of 
fixed heterogeneity in the regions (between) or over time (period). 
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case, the number of years where the "average" speed in the panel is not 
defined is higher, specifically for the period 2010–2014. 

These results demonstrate that during economic downturns, in-
equalities are accentuated, and there is a need for greater growth to 
reach the specific steady state of each region, resulting in an increase in 
the "average" convergence speed in the panel. Controlling for fixed ef-
fects, the speed can easily reach 20 %. As a downside, this excessive 
increase can lead to the extreme of the speed not being defined due to 

the absence of an "average" steady state in the panel20. In the expan-
sionary cycle starting in 2015, the convergence speed has gradually 
decreased, reaching 2.9 % (one-way) and 7.5 % (two-way). 

Fig. 9. Between estimator and cluster analysis: 2003–2021. 
Source: Own elaboration based on data of Eurostat 

Table 2 
Regions NUTS-2 by cluster (between estimator: 2003–2021).  

COUNTRY NUTS2 COUNTRY NUTS2 COUNTRY NUTS2 COUNTRY NUTS2 

Bulgaria 6 Austria 3 Croatia 1 Austria 6 
Croatia 3 Belgium 10 France 2 Belgium 1 
Czech Republic 7 Cyprus 1 Greece 10 Czech Republic 1 
Estonia 1 Denmark 4 Italy 4 Denmark 1 
France 1 Finland 5 Portugal 6 Germany 18 
Hungary 7 France 24 Spain 6 Hungary 1 

Latvia 1 Germany 20 Cluster LL 29 Ireland 2 

Lithuania 2 Greece 3   Luxembourg 1 
Malta 1 Ireland 1   Slovakia 1 
Poland 17 Italy 17   Slovenia 1 
Romania 8 Nederlands 12   Sweden 1 

Slovakia 3 Portugal 1   Cluster HH 34 

Slovenia 1 Spain 13     

Cluster LH 58 Sweden 7       

Cluster HL 121     

Source: Own elaboration based on data of Eurostat 

Fig. 10. Between and period estimator by development level (NUTS-2). 
Source: Own elaboration based on data of Eurostat 

20 Indeed, if the "average" convergence speed in the panel is not defined, that 
is because it is not defined either for the majority of the regions. 
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5.4. Spatial analysis 

Fig. 11 depicts the results of applying the Moran’s Index to neigh-
bouring regions (221 NUTS-2) for the year 2021, showing a clear sig-
nificant correlation at 1 % between the initial values of the regions and 
their neighbors (0.829), between the growth rates of the regions and 
their neighbors (0.804), and a negative correlation between the initial 
values of the regions and their neighbors (− 0.499). This latter negative 
correlation would explain the negative bias in the results when omitting 
special dependence in the models, providing higher convergence values. 

Table 6 compiles the different estimates of the convergence rate 
using models (9) and (10). In order to compare the results, the estimates 
cover the period 2013–2021, for which the variables Wxit and Wyit could 
be calculated. As evident, under a single steady state, the POLS (Pooled 
Ordinary Least Squares) estimation yields a convergence rate of 
approximately 2 %, consistent with the findings of most cross-sectional 
analyses. When fixed effects are considered in the panel, for example, to 
control the steady states of all regions, the convergence rate ranges 
between 6 % (one-way) and 10 % (two-way). However, these estimates 
may be upwardly biased in the presence of special dependence, where 
the omission of the variable Wyit can lead to upward biases, considering 
the negative correlation observed with Moran’s Index. 

When we consider spatial dependence, endogeneity is controlled by 
using xit and the initial conditions of the neighbors Wxit as instrumental 
variables (2SLS). The estimates, also controlling for fixed effects 
(FE2SLS), range between approximately 3 % (one-way) and 7 % (two- 
way). However, the presence of spatial correlation in the model errors 

Table 3 
“Between” and “period” estimator.   

Between Period 

All More Trans. Less All More Trans. Less 

Obs 242 115 50 77 12 12 12 12 
R2 0.44 0.37 0.84 0.79 0.85 0.71 0.85 0.89 
α 0.27 0.36 0.24 0.04 0.27 0.39 0.24 − 0.09 
p-value (α) 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 
γ − 0.18 − 0.23 − 0.35 − 0.38 − 0.44 − 0.30 − 0.46 − 0.57 
p-value (β) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Speed (%) 2.05 2.65 4.36 4.84 5.76 3.51 6.13 8.40 
Half-Life (years) 33.89 26.16 15.88 14.33 12.04 19.77 11.30 8.25 
γ (low) − 0.21 − 0.29 − 0.40 − 0.43 − 0.57 − 0.42 − 0.59 − 0.70 
γ (high) − 0.16 − 0.18 − 0.31 − 0.34 − 0.31 − 0.17 − 0.33 − 0.44 

Source: Own elaboration based on data of Eurostat 

Table 4 
Panel analysis with fixed effects by NUTS-2 regions and development level.  

All regions LS One-way (cx) One-way (per) Two- 
way 

R2 0.43 0.47 0.91 0.93 
Alpha = growth rate (%) 26.85 26.85 26.85 26.85 
Gamma − 0.21a − 0.20a − 0.53a − 0.67a 

Speed convergence (%) 2.33 2.19 7.52 11.07 
Half-Life (years) 29.80 31.65 9.22 6.26 
LH 719 719 719 719 
HL 1393 1393 1393 1393 
LL 322 322 322 322 
HH 437 437 437 437 
Obs. 2871 2871 2871 2871 
Cohesion (clusters) 0.74 0.74 0.74 0.74  

Less developed regions LS One-way (per) One-way (cx) Two-way 

R2 0.76 0.79 0.93 0.95 
Growth rate (%) 31.60 31.60 31.60 31.60 
Gamma − 0.41a − 0.39a − 0.56a − 0.52a 

Speed convergence (%) 5.20 4.92 8.13 7.36 
Half-Life (years) 13.33 14.09 8.53 9.42 
LH 366 366 366 366 
HL 434 434 434 434 
LL 67 67 67 67 
HH 57 57 57 57 
Obs. 924 924 924 924 
Cohesion (clusters) 0.87 0.87 0.87 0.87  

More developed regions LS One-way (per) One-way (cx) Two-way 

R2 0.37 0.39 0.83 0.89 
Growth rate (%) 24.60 24.60 24.60 24.60 
Gamma − 0.27a − 0.27a − 0.48a − 0.79a 

Speed convergence (%) 3.14 3.10 6.51 15.70 
Half-Life (years) 22.06 22.32 10.64 4.41 
LH 322 322 322 322 
HL 496 496 496 496 
LL 306 306 306 306 
HH 235 235 235 235 
Obs. 1359 1359 1359 1359 
Cohesion (clusters) 0.60 0.60 0.60 0.60 

Note. 
a p-value<0.01using Panel Correction Standard Errors (PCSE). 

Source: Own elaboration based on data of Eurostat 

Table 5 
Beta convergence with fixed effects model (recursive estimates).  

Panel (One-way) R2 Alpha Gamma Speed (%) Half-life (years) 

2008 0.90 0.27 − 0.02 0.37 184.99 
2009 0.94 0.30 − 0.51a 11.94 5.80 
2010 0.97 0.33 − 1.03a – – 
2011 0.97 0.34 − 1.12a – – 
2012 0.96 0.34 − 0.75a 15.36 4.51 
2013 0.98 0.36 − 0.86a 19.92 3.48 
2014 0.99 0.37 − 0.91a 21.71 3.19 
2015 0.99 0.39 − 0.74a 11.08 6.26 
2016 0.99 0.41 − 0.58a 6.72 10.31 
2017 0.99 0.44 − 0.50a 4.95 14.01 
2018 0.99 0.48 − 0.47a 4.19 16.54 
2019 0.99 0.51 − 0.37a 2.90 23.87 
2020 0.99 0.53 − 0.73a 7.75 8.95 
2021 0.99 0.56 − 0.74a 7.55 9.18  

Panel (Two-way) R2 Alpha Gamma Speed (%) Half-life (years) 

2008 0.93 0.27 − 0.60a 18.50 3.75 
2009 0.96 0.30 − 0.66a 18.03 3.84 
2010 0.98 0.33 − 1.06a – – 
2011 0.98 0.34 − 1.29a – – 
2012 0.97 0.34 − 1.14a – – 
2013 0.98 0.36 − 1.06a – – 
2014 0.99 0.37 − 1.05a – – 
2015 0.99 0.39 − 0.95a 24.92 2.78 
2016 0.99 0.41 − 0.80a 12.26 5.65 
2017 0.99 0.44 − 0.77a 10.65 6.51 
2018 0.99 0.48 − 0.79a 10.41 6.66 
2019 0.99 0.51 − 0.70a 7.54 9.20 
2020 0.99 0.53 − 0.84a 10.88 6.37 
2021 0.99 0.56 − 0.88a 11.89 5.83 

Note: speed and half-life only defined for − 1 < γ < 0. 
a p-value<0.01using Panel Correction Standard Errors (PCSE). 

Source: Own elaboration based on data of Eurostat 
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has been detected using Moran’s index, although in most cases, the 
levels are low. 

Using equations (11) and (12), the convergence speeds of all regions 
have now been estimated (Table 7). In this case, the estimation using 
only fixed effects (equation (11)) provides a very high average 

convergence speed of 18.7 %, a figure that reduces to 8 % when we also 
consider spatial dependence to estimate the specific speeds of each re-
gion (equation (12)). As can be seen, fixed effects and instrumental 
variables (FE2SLS) have been applied, using xit, Wxit as instruments, 
which capture the initial conditions of the regions and neighbouring 

Fig. 11. Moran’s Index statistics. 
Source: Own elaboration based on data of Eurostat 

Table 6 
Estimation results models (9) and (10).   

No Spatial Model Spatial Model 

POLS Fixed Effects (eq. (9)) FE2SLS (eq. (10)) 

One-way Two-Way One-way Two-Way 

α 0.2440*** 0.2572*** 0.2656*** 0.0969*** 0.1983*** 
(0.0038) (0.0015) (0.0013) (0.0093) (0.0131) 

xit − 0.1711*** − 0.4568*** − 0.6398*** − 0.2264*** − 0.5184*** 
(0.0052) (0.0123) (0.0167) (0.0166) (0.0265) 

Wyit   0.6466*** 0.6466*** 0.2664***   
(0.0373) (0.0373) (0.0523) 

R2 0.31 0.9158 0.9471 0.9463 0.9544 
λ = 0 (Moran’s I): 2013    − 0.1390*** 0.2060*** 
λ = 0 (Moran’s I): 2017   − 0.1520*** 0.1730*** 
λ = 0 (Moran’s I): 2021   0.1100*** 0.5130*** 
Speed (%) 1.9 6.1 10.2 2.6 7.3 

Notes:*,**,*** indicate significance at the 10 %, 5 % and 1 % level. 
Robust standard errors are displayed in parentheses. 
Instruments: xit and Wxit. 
Source: Own elaboration based on data of Eurostat 
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regions, and the results of indirect neighbouring regions [66,68] (W2xit, 
W3xit), known as spillover effects. The results of the average conver-
gence speed are similar to those obtained with the panel under equation 
(10), confirming the robustness of the results and the method applied. In 
this case, applying Moran’s index to the model residuals shows very low 
levels of spatial dependence, even an absence of dependence starting 
from the year 2018. 

Fig. 12 represents the parameter gamma estimations based on initial 
values in the panel, and identifies three groups or clusters. Cluster 1 (γ >
0) consists of divergent regions, cluster 2 (− 1<γ < 0) represents 
convergent regions, and finally, cluster 3 (γ < − 1) represents convergent 
regions without a defined convergence speed. 

Observing Fig. 12 we can conclude that convergence speeds, when 
controlling for spatial dependence, are generally lower than those 

obtained without spatial dependence. 

6. Discussion and conclusions 

The literature review on territorial economic cohesion shows that 
both the theoretical and empirical debate regarding regional disparities 
in GDP per capita has largely revolved around the different meanings of 
the concept of convergence, especially those of beta and sigma conver-
gence, depending on whether the focus is on the growth rate of GDP per 
capita in regions with maximum and minimum starting levels to reduce 
the gap, in the former case, or on diminishing the level of dispersion 
(measured in terms of standard deviation) of the set of regions, in the 
latter case. 

On the other hand, the ability to obtain an accurate image of cohe-
sion and its different processes is not only limited by a method, but also 
to a large extent by available data and indicators. 

However, most studies on regional convergence have been based on 
an analysis of "absolute" cross-section convergence, which implies the 
existence of a single steady state for all regions, with convergence speed 
estimates biased downwards. A higher estimation of this speed has only 
been ensured in cases where "conditional" convergence is considered. 
The recourse to "absolute" convergence is mainly due to the difficulty of 
finding information on a common set of explanatory variables that are 
correlated with the different steady states for the different regions or 
countries. Therefore, many studies have been limited to identifying re-
gions as homogeneous as possible, working for example with the regions 
of a country or with countries that share a common economic policy, 
such as the EU. In all these studies, the literature reports convergence 
speeds ranging around 2 per cent. Even so, most of the time these figures 
are biased downwards due to the analysis of "absolute" convergence. 

This research confirms that cross-section analysis is equivalent to 
panel analysis by the least squares method (LS) by providing values 
slightly higher than 2 per cent. Working with the 242 NUTS-2 regions of 
the EU for the period 2003–2021, it has been shown that if we control 
the different steady states of each region, the convergence speed reaches 
7 per cent. If we also control the rates of technological progress common 
to the regions, the speed increases to 11 per cent. 

This "conditional" convergence analysis may vary if we also consider 
the levels of economic development, the existence of economic cycles, 
and their disruption due to possible crises or extraordinary events, such 
as the financial crisis of 2008 and Covid- 2019, which have significantly 
increased convergence speeds (within 22 % and 8 %, respectively). It is 
also noteworthy that if we control for technological change rates, the 
most developed regions show very high convergence speeds of 15 per 
cent compared to 7 per cent in the less developed regions, the results 
that would rise to 25 % and 12 % due to the financial crisis 2008 and 
COVID-19, respectively. In other words, the impact of the financial crisis 
was nearly double that of the pandemic on convergence speed. 

If we also consider spatial analysis, it has been observed that 
convergence speeds decrease by 3 %–8 %, as neighbouring regions 
contribute to explaining a significant part of regional growth. In this 
regard, we can conclude that neighbouring regions play a critical role in 
explaining the region’s economic performance, leading to a slower but 
more interconnected convergence process. 

Finally, beta convergence analysis has allowed identifying the 
following groups of regions regardless of economic cycles: 58 low-high 
(emerging) regions, 121 high-low (stagnant) regions, 29 low-low 
(vulnerable) regions, and 34 high-high (divergent) regions. The pres-
ence of vulnerable and divergent regions is an alarming symptom of a 
lack of territorial cohesion that should be reported to the European 
Commission for further corrections of the EU cohesion policy with re-
gard to the control and distribution of funds. 

Following this line of research, and using Spatial Dynamic Panel 
Data, we continue to work on delving deeper into the levels of spatial 
dependence that regions may have on key factors such as productivity, 
employment, investments, and human capital, among others, not 

Table 7 
Estimation results models (11) and (12).   

No spatial Model Spatial Model 

FE (eq. (11)) FE2SLS (eq. (12)) 

Two-Way Two-Way 

α 0.3573*** 0.2163***  
(0.0178) (0.0186) 

xit − 0.8459a − 0.5524a  

Wyit  0.5442***   
(0.0523) 

R2 0.9657 0.9785 

λ = 0 (Moran’s I): 2013  − 0.116*** 
λ = 0 (Moran’s I): 2014  − 0.209*** 
λ = 0 (Moran’s I): 2015  − 0.171*** 
λ = 0 (Moran’s I): 2016  0.122** 
λ = 0 (Moran’s I): 2017  0.081* 
λ = 0 (Moran’s I): 2018  − 0.009 
λ = 0 (Moran’s I): 2019  0.070* 
λ = 0 (Moran’s I): 2020  0.069 
λ = 0 (Moran’s I): 2021  − 0.016 

Speed (%) 18.7 8.0 

Notes:*,**,*** indicate significance at the 10 %, 5 % and 1 % level. 
Robust standard errors are displayed in parentheses. 
Instruments: xit, Wxit, W2xit, W3xit. 

a Mean of gamma coefficients. 
Source: Own elaboration based on data of Eurostat 

Fig. 12. Clusters by beta convergence in 242 regions NUTS-2. 
Source: Own elaboration based on data of Eurostat 
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limited only to GDP per capita as in this contribution when explaining 
regional growth. 
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