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Abstract  

The EU cohesion policy seeks to mitigate imbalances between countries and 

regions and enhance greater economic development of the whole Union.  However, 

notwithstanding its efforts and certain progress on this issue, territorial disparities still 

represent an open challenge for the European Union, which requires improving the 

cohesion policy, particularly regarding its measurement, in order to allocate resources 

more efficiently. 

This article aims to propose an innovative methodology to measure and identify 

the degree of cohesion of both EU NUTS-2 regions and member states in economic terms. 

To this end we first selected the main indicators which would better explain GDP per 

capita growth by applying factor analysis; and second, we measured the degree of 

cohesion of every indicator by calculating inequality indexes between both regions and 

countries. To ensure the robustness of this research, we compared the results obtained 

by Gini, Atkinson, and Theil indexes, and three of which gave us similar findings. Finally, 

the Economic Cohesion Index (ECI) was elaborated, which allowed us to identify regions 

that, regardless of their economic development, still have a very low level of cohesion. 

Among the main results of the study, we can highlight that the 27 EU countries 

are quite cohesive, since a very clear correspondence is shown between the levels of 

development of each country, and their potential is attributable to the inequalities of the 

set of indicators. On the contrary, from the regional perspective, the study shows 

important imbalances between economic development and its potential in 34 regions, 

with the least developed regions being the most affected and, to a lesser extent, regions 

in transition. 
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Introduction  

The European Union is a project focused on the balanced distribution of prosperity 

to all its regions (Batur & Çalışkan, 2019). In regard to the overriding objective of the 

European Union, Darvas et al. (2019) stress the importance of strengthening regional 

cohesion by addressing development disparities, particularly by targeting more-

unfavoured regions. The authors argue that the EU’s southern and eastern enlargements 

could be considered a political bargain in which the newer, less-developed member states 

opened up their markets in return for job opportunities provided by more-developed 

regions and cohesion policy funds to enhance their transformation and convergence. 

The construction process of the EU itself, inserted in the current global context, 

requires precise and appropriate knowledge of the territory to facilitate its assessment, as 

well as adopting political decisions, monitoring, and periodically evaluating public 

policies and their territorial impact. This necessity has become an instrumental challenge 

for the EU's cohesion policy, based on the assumption that a reduction of territorial 

disparities implies greater cohesion and, therefore, territorial balance, which in turn 

contributes to greater economic development.  

One of the most crucial questions related to the EU Cohesion Policy is the 

selection of the indicators to be used when allocating funds to regions (Darvas et al., 

2019). For the 2021-2027 period, EU funds allocated to the Cohesion Policy amount 

to EUR 392 billion.  Fund allocations are still mostly based on GDP per capita, even 

though at present the relative role of this main indicator has been slightly reduced to 

increase the importance of other more social-oriented indicators, such as the labour 

market, education, demographics, migration, and climate. However, in this research 

study, we were guided by the GDP per capita, considered by Eurostat as a key indicator 

to evaluate and classify the economic development of European Union regions.  

Based on previous research, referred to the study of the conceptualization of 

territorial cohesion (Camagni, 2006; Faludi, 2010; Medeiros, 2016;; Barca, 2009; 

Davoudi, 2005; Doucet, 2006; Florio, M. 2006; Evers, 2008; Schön, 2005; Servillo, 2010; 

Sykes, 2011; Waterhout, 2007; Iammarino et al.; 2017; Bachtler, J. et al., 2016; Podadera 

& Calderón, 2019, Moreno, S. et al., 2020, among others) and linked to the concepts of 

territorial inequality, diversity development, convergency and innovation, this paper aims 

to provide a methodological approach for the measurement of disparities in the economic 

dimension of the territorial system (trend of economic cohesion) within the framework of 

the European Union, in order to approach the measurement of territorial cohesion in such 



a system, through the analysis of inequalities and identification of the degree of cohesion 

of its regions.  

The concept of "territorial cohesion" is above all political and multidimensional. 

In this sense, it could be considered “as a component in achieving the EU goals of 

competitiveness and economic growth thus emphasizing the political-economic 

dimension of cohesion” (Weckroth & Moisio, 2020). It is based on a central idea of equity 

(reduction of imbalances) and, therefore, of cohesion between the territories at a certain 

scale and admitting the particularities of each territory from the diversity. We can say that 

it is part of the planning and territorial ordering processes in favor 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 (Cabeza et al., 2015; Medeiros et al., 2022) 

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 sustainability and good governance. Therefore, 

economic cohesion becomes an input for territorial cohesion. 

Although this research is mainly focused on the NUTS-2 EU regions as classified 

by Eurostat, it also embraces the analysis of EU member states, spanning the period 2006-

2019. This time frame has been selected because of the availability of selected indexes 

that explain the GDP per capita growth since 2006 for most of the EU NUTS-2 regions 

and member states. 

The paper is organized as follows: after the introduction, we provide a literature 

review regarding territorial cohesion and methodological aspects related to inequality 

indexes. We then describe the methodology, followed by presenting of the results. The 

final section provides the discussion and conclusions. 

 

Literature Review  

Territorial cohesion can be perceived as a strategic process that aims to balance 

territories from an economic, social, infrastructural (in the sense of connectivity), or even 

institutional (in the sense of governance) perspective, on the basis of solidarity and with 

claims to improve territorial competitiveness in a broader geographical framework of 



influence1. However, it is the historical existence of inter-territorial differences in Europe, 

that has been used to justify the need to measure territorial cohesion in the process of 

building the EU and, therefore, the demands on the Cohesion Policy to reduce these 

disparities2. 

The concept of territorial cohesion covers a set of dimensions, such as the 

political-institutional, physical-environmental, economic-productive, and even 

sociocultural (Cabeza and Gutiérrez, 2015), related to the economic and social 

development of the geographical context under consideration. Podadera and Calderón 

(2019), in turn, argue that the conceptualization of territorial cohesion is extremely 

important for the cohesion policy of the European Union, even though the concept can be 

ambiguous (Davoudi, 2005), vague (Faludi, 2013), elusive (Schön, 2009) and even 

imprecise (Medeiros, 2016), but not impossible to measure (Zaucha & Böhme,2020).  

However, we consider that it should be treated as a concept that is complex, polysemic, 

multidisciplinary and multidimensional, dynamic, and open to a process of integration.  

In this sense, Podadera and Calderón (2019) highlight the need for an operational 

concept of territorial cohesion in the European Union and propose five  metacomponents: 

"Redistributive"  with thematic contents  related to inter-territorial solidarity and 

territorial competitiveness; "Polycentric Development", which considers aspects related 

to balanced development, social elements and standard of living conditions; “Territorial”, 

referring to connectivity, access to Services of General Economic Interest (SGEI), 

sustainable development, vulnerable areas and remote regions; "Institutional", related to 

multilevel governance, public policies and intangible aspects (R&D, innovation, 

European identity, etc...); and "Relational", referring to territorial and institutional 

cooperation, included in a vision of prosperity or economic development of the whole of 

the EU, linked to the competitiveness of the community’s territories, and based on the 

endogenous potential for economic growth and relations with other community and non-

                                                           
1 This is nothing new; the Preamble to the Treaty of Rome already declared that "the EC member states are 

concerned with ensuring their harmonious development, reducing the differences between the different 

regions and the backwardness of the less favored" 
2 Some of the main antecedents are the creation of the Marjolin Committee in 1959 to carry out regional 

studies; the Motte Report to the European Parliament, in 1960, for the elaboration of a master program for 

land use planning; in 1961, the Conference of Regional Economies in Brussels; in 1965, the Thompson 

Report on the regional problems of the enlarged Community; or in 1972, the Paris Summit Conference, 

which was the embryo of the creation of the ERDF, among others. Since 1996, the different Cohesion 

Reports have followed one another periodically until the eighth report on economic, social and territorial 

cohesion of February 2022. Likewise, different initiatives have also contributed to the Cohesion Policy, 

such as the European Spatial Development Prospective (ESDP) of 1999, European Territorial Strategy 

(ETS) of the same year, and the Territorial Agenda of the European Union 2020 (TA20) of 2011. 



community territories. This operational intention has been reflected in various studies 

carried out within the framework of the ESPON Program (ESPON TeDi, 2010; ESPON 

INTERCO, 2011; ESPON KITCASP, 2012). Nevertheless, the analysis of territorial 

cohesion in this article focuses particularly on the economic aspect, with the idea of 

incorporating other essential components into further research.  

From a metric perspective, the analysis of territorial imbalances to measure 

territorial cohesion can be carried out between countries, between the regions of the same 

country (Camagni et al., 2020) or between all the regions of the European Union (in our 

case the measurements were made between countries and between NUTS-2 regions of 

the EU). From a political standpoint (territorial cohesion policies in this case), the analysis 

entails the "multifaceted question" (Castells and Espasa, 2002) of the relationships 

between income and wealth between territories, since policymaking includes different 

economic, political, fiscal, and ethical aspects in accord with actions of the public sector 

to ensure inter-territorial solidarity. 

In connection with territorial imbalance, it is worth mentioning that all of 

economics is the result of inequality and that without inequality, there would be neither 

trade nor specialization (Welch, 1999). However, Roemer (2019) highlights that in any 

case, most people pursue economic equality because it is the way to achieve justice and 

share scarce resources. In this regard, researchers have developed various inequality 

indices to measure inequality by applying a single index.  

The Gini index is the most widely used measure of inequality in the literature and 

is accepted practically by all international and national institutions as a universal 

methodology. It is closely related to the Lorenz curve (1905), which can be used to 

graphically represent inequality. Gini’s original work on the subject appeared in 1912 in 

Italian (Gini, 1955) and in addition to the inherent mathematical and statistical interest, 

became increasingly popular, in fields such as insurance (Frees et al., 2011; Samanthi et 

al., 2017) and economics (Reardon and Bischoff, 2011). In this regard, Charles et al. 

(2022) stress that the Gini index has evolved into quantifying inequity in all kinds of 

distributions, such as wealth, gender parity, access to education and health services, and 

environmental policies. The authors also discuss the implications of the traditional Gini 

index for international diplomacy and policymaking.  

The Gini index, which is a single number that measures how equitably a resource 

is distributed in a population, provides a simple tool for summarizing and interpreting 

economic data (Farris, 2010). The Gini coefficient ranges from zero (perfect equality) to 

https://www.sciencedirect.com/science/article/pii/S0167668717306248?casa_token=4TTOtIwMTAgAAAAA:BNGNWmUgUZBi1xMN7wPATQ7M29BjvBQbXca175XZTSAOh6Zktm8oalDeWJqyOXdyeFiivCsoSGw#b6
https://www.sciencedirect.com/science/article/pii/S0167668717306248?casa_token=4TTOtIwMTAgAAAAA:BNGNWmUgUZBi1xMN7wPATQ7M29BjvBQbXca175XZTSAOh6Zktm8oalDeWJqyOXdyeFiivCsoSGw#b13
https://www.sciencedirect.com/science/article/pii/S0167668717306248?casa_token=4TTOtIwMTAgAAAAA:BNGNWmUgUZBi1xMN7wPATQ7M29BjvBQbXca175XZTSAOh6Zktm8oalDeWJqyOXdyeFiivCsoSGw#b13
https://www.sciencedirect.com/science/article/pii/S0167668717306248?casa_token=4TTOtIwMTAgAAAAA:BNGNWmUgUZBi1xMN7wPATQ7M29BjvBQbXca175XZTSAOh6Zktm8oalDeWJqyOXdyeFiivCsoSGw#b11


one (maximum inequality). However, the Gini index has been critiqued by social 

scientists (Atkinson, 1970). Stefanescu (2010), for instance, argues that the Gini index is 

not always adequate to measure the poverty level of an analyzed population and 

recommends only using the Gini index together with other similar or complementary 

poverty indicators. Thus, despite its scalability and universality, the Gini index is very 

sensible to sample size and systematic and random data errors. Moreover, it does not 

reflect the structural changes in a population. Besides the Gini index, two of the most 

popular ones are the Atkinson and Theil indices (Sen and Foster, 1997).  

The Atkinson index, introduced in 1970 by British economist Anthony Atkinson 

(Atkinson, 1970), connects a social welfare function to a concept of equality. It is one of 

the few inequality measures that incorporates normative judgments about social welfare 

(Theodorakis et al., 2006). The Theil index, introduced in 1967 by Dutch econometrician 

Henri Theil, is based on the concept of information entropy and is meant to measure 

income inequality, lack of diversity, isolation, segregation, non-randomness, 

compressibility, irrigation systems, software metrics and other phenomena (Tutberidze et 

al., 2018). Unlike the Gini index, both the Atkinson and Theil indexes satisfy the 

decomposability axiom, i.e., we can express the index for the entire population as a 

weighted sum of the indices for the population subgroups plus the index for the subgroup 

means.  

On the other hand, in their analyzis of the literature on inequality convergence, 

Suarez-Arbesú et al. (2022) highlight that little attention is given to the case of the EU, 

despite the interest derived from economic integration and the common policies adopted. 

Thus, the strong evidence after the formation of the Eurozone provides firm support for 

economic convergence in terms of per capita income (Villaverde & Maza, 2008; Kutan 

& Yigit, 2009;), which is primarily attributed to the validity of the catch-up hypothesis in 

the growth of the weaker economies such as Greece, Ireland, Portugal, Spain, and Eastern 

Europe (Suarez-Arbesú et al., 2022).  

However, the majority of inequality research in the EU only focuses on income 

inequality at national or regional levels.  In this regard, Ezcurra and Pascual (2005) stress 

the presence of weak convergence across EU Members at the regional level, owing to the 

low levels of intradistributional mobility. Likewise, Ezcurra & Del Villar (2021) do it 

considering the globalization context. Bárcena and Imedio (2008), for example, apply 

Bonferroni and De Vergottini inequality measures together with the well-known Gini 



index to obtain rankings of the EU countries, using the European Community Household 

Panel data. The authors stress that only the Bonferroni measure satisfies the Principle of 

Positional Transfer Sensitivity. Kvedaras and Cseres-Gergely (2020) evaluated both the 

total and the inequality-affecting convergence of income distribution across EU Members 

using Monte Carlo experiments. Suarez-Arbesú et al. (2022) identify patterns of 

convergence in the income inequality of European Union countries by using the Gini 

Index and an alternative inequality measure, specifically the 80:20 ratio, while employing 

the club convergence approach and an ordered logit model.   

Regarding our research, we calculated inequality indexes using factor analysis of 

economic indicators to explain GDP per capita growth at both the regional and national 

levels, which allowed us to identify the less and more economically cohesive EU NUTS-

2 regions and countries. Even though the measurement of income inequality, in and of 

itself, is not the subject of this research paper, we applied a similar methodology opting 

for the three most well-known inequality indexes, namely  Gini, Atkinson, and Theil, to 

ensure the robustness of our results (see Table 1). 

Table 1. Inequality Indexes Applied in the Research 

Index Formula Year Reference Decomposability 

𝐺𝑖𝑛𝑖 ∑ ∑ |𝑋𝑖 − 𝑋𝑗|𝑁
𝑗=1

𝑁
𝑖=1
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𝑋𝑖

𝜇𝑋
) 𝑙𝑛 (

𝑋𝑖

𝜇𝑋
)]

𝑁

𝑖=1

 
1967 Foster, 1985; 

Sen, 1997 

Yes 

𝐴𝑡𝑘𝑖𝑛𝑠𝑜𝑛 

1 − [∑
1

𝑁
(

𝑋𝑖

𝜇𝑋
)

1−𝛼𝑁

𝑖=1

]

1
1−𝛼

 

for 𝛼 = 0.5 

1970 Atkinson, 1970; 

Atkinson, 1975 

Yes 

Source: Based on the Literature Review 

 Finally, the Economic Cohesion Index (ECI) was elaborated based on the fixed 

effects model applied to a data panel. Thus, this article proposes an innovative 

methodology to measure and identify the degree of economic cohesion of both EU NUTS-

2 regions and member states that were previously not displayed in other research studies 

of the European Union. The detailed methodological proposal of our research is described 

in the next section. 

 



Methodological proposal 

The economic growth of the EU regions should be accompanied by a more 

cohesive economic development. One of the pillars of cohesion between territories is the 

economic aspect; but what do we mean by economic cohesion? Reviewing the literature, 

we can affirm that there is no consensus when it comes to defining economic cohesion. 

This paper proposes to develop an Economic Cohesion Index (ECI) defined for a group 

of regions, which takes into account, on one hand, the inequalities present in a set of 

indicators, and which at the same time is related to the economic development of a 

particular region. This way, we define potential economic development in accordance 

with inequality levels attributed to a set of indicators that also explain economic growth. 

The ECI defined for a group of n regions/countries is based on a set of k indicators 

observed in T time periods, which meet two requirements: 

1) They are closely related to economic growth3. 

2) They are common to the group of regions analyzed and have maximum 

representativeness in the sample4. 

It is assumed that the stationary growth signals5 (interannual rates) of the 

economic indicators are generated by the factor model: 

𝑧𝑗𝑖𝑡 = 𝜆𝑗𝑓𝑖𝑡 + 𝑢𝑗𝑖𝑡                                                  (1) 

 

in which: 

• zjit = standardized growth signal (interannual variation) of indicator j, in 

region i, at time t. 

•  λj: factor weight of indicator j. 

•  fit: common factor for region i at time t. 

•  ujit: specific or idiosyncratic component of indicator j, in region i, at time 

t. 

                                                           
3 In the literature, the factor analysis methodology is the most widespread for the selection of a set of 

indicators that explain economic growth. Dynamic factor analysis combines, in turn, the use of the Kalman 

filter. See the case of Spain in Cuevas et al (2015). 
4 It would be feasible to consider the use of a set k of different indicators for a group of regions. Likewise, 

in cases of lack of information for any region or period, the corresponding values have been interpolated. 
5 We assume that GDP per capita, which measures economic development, and the set k of indicators that 

explain economic growth, present a unit root for all regions, i.e. they are integrated variables of order 1. 

This implies working with interannual growth. 



The common factor 𝑓𝑖𝑡 and the weights 𝛼𝑗  will be updated once new information 

regarding an indicator becomes available. Likewise, it is also possible to express the 

factor as a combination of the standardized growth of the indicators: 

𝑧𝑗𝑖𝑡 = ∑ 𝛼𝑗𝑥𝑗𝑖𝑡
𝑘
𝑗=1                                                     (2) 

 

An inequality index6, 𝐼𝑡, is elaborated for a set of k indicators, for each year t, and valid 

for all regions. This index will be based on an appropriate combination of the inequalities 

that these indicators present in the set of n regions, associated with economic growth, and 

will be defined as: 

 𝐼𝑡 = ∑ 𝛼𝑗𝐼𝑗𝑡
𝑘
𝑗=1                                                         (3) 

𝐼𝑗𝑡  being a measure of inequality of the j-th indicator calculated in year t and the attributed 

weight 𝛼𝑗   to the j-th indicator in the factor analysis. It is possible to make an econometric 

estimation with t temporary data, between the average GDP per capita of the set of n 

regions and the inequality I: 

𝐺𝐷𝑃 𝑝𝑐𝑡 = 𝛼 + 𝛽𝐼𝑡 + 𝜀𝑡                                            (4) 

 

The economic cohesion index of the set of n regions (𝐸𝐶𝐼𝑛) would be the model’s 

determination coefficient. The higher the coefficient, the better the inequalities of the 

indicators explain the economic development of the set of n regions. 

The economic cohesion index for region i (𝐸𝐶𝐼𝑖
𝑛) is defined from the following fixed 

effects model applied to a data panel consisting of the n regions and T temporal data, to 

which the robust estimator for cross-sectional and temporal units is applied7: 

𝐺𝐷𝑃 𝑝𝑐𝑖𝑡 = (𝛼 + 𝑢𝑖) + 𝛽𝐼𝑡 + 𝜀𝑖𝑡                                         (5) 

                                                           
6 In order to ensure the robustness of the results, three inequality indexes were calculated. The description 

of indexes is provided in the Literature Review (see Table 1).  
7 The White cross-section (period cluster) method assumes that the errors are contemporaneously (cross-

sectionally) correlated. Alternatively, the White period (cross-section cluster) method assumes that the 

errors for a cross-section are heteroskedastic and serially correlated. The White two-way cluster method 

allows for both cross-section and period clustering. This last robustness option is the one that is finally 

applied. 



𝑢𝑖 being the unobservable heterogeneity attributed to each region8. We define the 

economic cohesion index of region i in the set of n regions as: 

𝐸𝐶𝐼𝑖
𝑛= (𝑟𝐺𝐷𝑃𝑝𝑐 ,𝐺𝐷𝑃𝑝𝑐̂  )

2

× 100                                           (6) 

where   𝑟𝐺𝐷𝑃𝑝𝑐,𝐺𝐷𝑃𝑝𝑐̂   is the correlation between the region’s economic development and 

the estimated value of  (its economic development potencial) from equation 5. 

In this regard, we guarantee that the economic cohesion index varies between 0 

and 1. A value close to zero indicates little economic cohesion, or the absence of cohesion, 

from the set of k indicators, i.e. the inequality of the economic indicators does not 

contribute to explaining economic development. A value close to one indicates maximum 

cohesion between the inequality indicators and economic development9. Three levels of 

cohesion have been defined: high (0.75 ≤ ECI < 1), medium (0.5 ≤ ECI < 0.75), and low 

(0 ≤ ECI < 0.50). We say that a region belongs to one of the levels when it presents a 

similar level of cohesion with Gini, Atkinson, and Theil inequality indexes. 

 

Panel data and selection of indicators 

In order to select the indicators, we have worked with a panel that includes 242 

NUTS-2 regions of the EU during the period 2006-2019. The regions have been 

differentiated by levels of economic development according to the official EU Eurostat 

classification10. Thus, according to this classification, between 2006 and 2020 the most 

developed regions were gradually reduced from 137 to 117, while the regions in transition 

and the less developed ones  increased (from 32 to 42 and from 73 to 81 respectively). 

The classification of the regions is shown in Table 2.  

Table 2.  Classifications of the EU NUTS-2 Regions  

                                                           
8 The estimates of α and β are identical in equations 4 (temporary data) and 5 (panel data). The difference 

is reflected in the fixed effects model, where the independent term is different for each region and is 

associated with heterogeneity. In other words, 𝛼𝑖 = (𝛼 + 𝑢𝑖) is obeyed.  
9 If 𝑟𝐺𝐷𝑃𝑝𝑐,𝐺𝐷𝑃𝑝𝑐̂   < 0 then ECI =0. 
10The information regarding the indicators at the NUTS2 level (242 regions) used in this research is 

available at https://ec.europa.eu/eurostat/web/regions/data/database. Most of the information about these 

indicators covers the period from 2006 to 2019. Although the GDP per capita is available also for 2020, 

there is no information for all the indicators. 
 



 
Source: Own elaboration based on Eurostat data 

  

To construct the factor, nine economic indicators related to activity, income, the 

labor market, and the tourism sector were finally selected (see Table 3)11.  

Table 3. Description of the Selected Indicators  

 
Source: Eurostat 

 

The selection was carried out to verify that the signs of growth (interannual 

variations) have a medium/high linear correlation with GDP per capita12. Finally, it is 

verified that there is a significant correlation (0.945) between the interannual growth of 

the factor obtained and the average growth of the EU (see figure 1). Likewise, for the 

final choice of indicators the available information, which also differs between regions 

and countries, was taken into account,  

                                                           
11 Some are a bit reduntant  (e.g. hours work and employmente) but inequality its very diferent. Arencibia 
et al (2017) includes a broad reference of indicators that can use on the demand side applied to GDP 
growth. 
12 This procedure begins with a basic nucleus that incorporates those indicators with a correlation greater 

than 0.5 with the GDP per capita, obtaining from them the corresponding common factor. Next, the 

indicators most correlated with GDP are added sequentially, determining their permanence in the model if 

they improve the correlation of the estimated factor with GDP (Cuevas et al, 2017). 



Table 4 shows the available information for each of the indicators and the different 

NUTS-2 regions, aggregating regions mentioned by countries. Both GDP per capita and 

indicator eight (employees_comp) are completely available. Only two indicators 

(tourist_arrivals and employment) show availability below 90%13. 

 

Figure 1. EU GDP average growth and its factor 

 

Source: Own elaboration based on Eurostat data 

 

 

 

Table 4. Data Availability in the Panel (2006-2019) 

 

Source: Own elaboration based on Eurostat data 

 

 

                                                           
13 The panel is made up of 242 regions for the period 2009-2019, and represents 3388 observations in total. 
 



Table 5 shows the correlations by countries, regions, and levels of development 

of the regions. The highest correlations occur when we work with indicators at the country 

level. Working with regions, no very significant differences are observed. However, in 

less developed regions indicator 7 (vehicles_car) presents a higher correlation, compared 

to regions in transition or that are more developed. In any case, the indicators with the 

highest correlation levels correspond to indicators 8 and 9 (employees_comp and 

income_house, respectively). 

 

 

Table 5. Analysis of Correlations 

 

 

Source: Own elaboration based on Eurostat data 

 

Finally, Table 6 shows the unit root tests in the data panel, both by country and 

region14.  

Table 6. Unit Root Test15 

                                                           
14 The annex contains the results of the contracts (see Table 1 by countries and Table 2 by regions). Notably 

all of these tests require cross-sectional independence. 
15 Independent cross-section panel unit root tests: Levin, Lin and Chu (2002) assume common unit root 

process; Im, Pesaran and Shin (2003), Fisher-type tests using ADF and PP tests assume individual unit root 

process; Maddala and Wu (1999) and Choi (2001). We select Individual intercept to include individual 

fixed effects.  



 
Source: Own elaboration based on Eurostat data 

 

Observing Table 6 we can say that on the left side is the null hypothesis of the unit 

root common to all the cross-sectional units and on the right side is the null hypothesis of 

the unit root for each cross-sectional unit. In all cases, the indicators and the gdp_pc 

present a unit root in the level, and no unit root in the first differences in the natural 

logarithm, except for indicator 1 (unemployment_rate), which does not present unit roots 

in any case. The results of the research are shown in the next section. 

 

Results (and discussion or discussion of results) 

Table 7 shows the result of the factorial analysis for the period 2006-2019, first 

working with the 27 countries and then with 242 regions and, secondly, differentiating 

between the most developed regions (116), the regions in transition (45) and less 

developed regions (81)16. Table 6 lists the weights (𝜆𝑗) according to equation 1 and 

factorial weights (𝛼𝑗)  according to equation 2. The factorial loads should be as high as 

possible, whereas the factorial weights measure the relative importance of each indicator 

within the estimated factor. Table 6 also shows the values of the Indeterminacy Indices 

(R-squared and Minimum Corr.), which should be as high as possible. Factor weights are 

higher when working with countries than with regions. By type of region, the highest 

factor weights in the least developed and in the ones in transition, correspond to indicators 

8 and 9 (employees_comp and income_house respectively). In the more developed 

                                                           
16 The classification of the regions in 2019 (last year available in the panel) has been used. 



regions, the highest factor weight is attributed to indicator 5 (hours_worked). The results 

show that the selected indicators are equally valid for the countries, regions, and groups 

of regions considered, due to which a specific selection of indicators for the different 

groups considered was not proposed. 

 

Table 7. Factor Analysis  

 

 
Source: Own elaboration based on Eurostat data 

 

In respect to the factorial weights, the inequality indices have been calculated 

according to equation 3. Figure 2 shows the estimates of the above-mentioned indices by 

countries and regions (graph on the left), as well as types of regions (graph on the right) 

for the three measures of inequality (Gini, Theil, and Atkinson). 

 

Figure 2. Inequality Indices of Indicators 

 



 

 
 

Source: Own elaboration based on Eurostat data 

 

Comparing countries and regions, the inequality index of the indicators is higher 

for countries than regions. The evolution of inequalities is closely linked to the effects of 

the financial crisis that began in 2008 and lasted until 2014 (marked in gray, see Figure 

2). The reduction in inequalities slowed down in 2008, after which  there was a worsening 

or stagnation until 2014, with a clear recovery since 2015. The graph on the right reveals 

lower inequality in regions in transition and in more developed regions. There is also a 

clear stagnation of the inequality index in the more developed regions and a continuous 

decrease in the less developed regions, which demonstrates a greater convergence during 

the research period. 

The levels of inequality and the mean values of the GDP per capita were used to 

prepare the point clouds for the 14 years considered (figures 3 and 4) together with the 

regression lines (equation 4). Figure 3 refers to the 27 countries (grey color) and 242 

regions (black color). In both cases, the point clouds confirm a negative relationship 

between inequality indices and economic development. Moreover, economic cohesion is 

higher between countries than between regions in the case of Gini and Atkinson17. 

However, the apparent higher cohesion between countries contrasts with a higher 

inequality of the indicators compared to the regions. 

 

                                                           
17 These results concur with the theory proposed in the article by Castells and Espasa, 2002. 



Figure 3. Straights of Economic Development and Inequality 

 by Regions and Countries 

 

 

Source: Own elaboration based on Eurostat data 

 

Figure 4 refers to the clouds of points of less developed regions, regions in 

transition and more developed regions. As in the analysis by countries and regions, a 

negative relationship between the inequality of indicators and economic development is 

confirmed, showing higher economic cohesion in the regions in transition and in less 

developed regions. In the case of regions in transition, economic cohesion fluctuates 

between 0.88 and 0.95 (depending on the inequality index); in the least developed regions 

it remains practically at 0.85 (for all inequality indexes); and in the most developed 

regions, economic cohesion varies between 0.69 and 0.75. However, as in the analysis 

between countries and regions, it is confirmed that the less developed regions have higher 

levels of economic cohesion compared to the most developed, although with higher levels 

of inequality in their indicators. Conversely, in the case of the regions in transition the 

highest cohesion is accompanied by less inequality of indicators. Finally, Figure 4 

highlights the significant differences in the marginal effects of inequalities on economic 

development. As we can observe, the negative slope is more pronounced in the most 

developed regions, and it is flatter in the less developed regions. 

 

 



Figure 4. Straights of Economic Development and Inequality by Groups of Regions  

 

 

Source: Own elaboration based on Eurostat data 

 

The annex (see Table 3 by countries and regions and Tables 4, 5, and 6 by group 

of regions) includes estimations of the fixed effects models (equation 5), from which the 

economic cohesion indexes (ECIs) are calculated and ordered from lowest to highest by 

for all regions and countries (Tables 7, 8, 9 by group regions, Table 10 by all regions and 

Table 11 by countries). Figures 5, 6, and 7 show the maps for the less developed regions, 

the regions in transition and the more developed regions, respectively, where the levels 

reached by the dark black cohesion indexes with an ECI below 0.5 are collected with 

different shades of gray and black and in a lighter gray the regions with an ECI above 

0.75. Together with the figures, those regions that have a level of cohesion below 0.5 are 

grouped together with the values of the inequality indices of the indicators and the 

correlation between the factor and economic growth18. As shown, even though these 

regions have a low level of cohesion, they are compatible with a high correlation between 

                                                           
18 The correlation is not available for all regions. In some cases, it was impossible to obtain the factor due 

to the lack of information. In cases where the factor was available, it was not considered if the number of 

observations was less than 50% of the temporal sample. 



the indicators used and economic growth. However, this growth is not accompanied by 

greater cohesion, as previously indicated. In the annex (see Tables 7, 8, and 9 by group 

of regions, Table 10 by all regions, and Table 11 by countries). you can find the complete 

list of regions with ECI, the levels of inequality of the indicators, and the correlations of 

the indicators with economic growth. Figure 5 shows  that there are 23 regions with an 

economic cohesion level below 0.5. Most of these regions belong to Greece where, in 

addition, cohesion is zero19. However, the indicators are closely related to their economic 

growth. As for the rest, there are regions of Italy, Spain, and Croatia. In the case of Spain, 

the regions are Murcia (0.44), Castilla La Mancha (0.35), Andalusia (0.25), Ciudad de 

Ceuta (0.06), and the Canary Islands (0.05). 

Figure 5. Economic Cohesion Index: Less Developed Regions 

 

 
Source: Own elaboration based on Eurostat data 

 

Observing Figure 6, we can see why some regions such as Andalusia (ES42) in 

Spain or Νότιο Αιγαίο (EL 42) in Greece present a low economic cohesion, in comparison, 

for example, with the French region of La Réunion that occupies the first position in 

                                                           
19 As previously mentioned, this zero cohesion is due to a negative linear correlation between the cohesion 

of the indicators and the economic development of the region. 



cohesion (0.98) or Северен централен in Bulgaria (0.97). In these last two cases, the 

levels of development in the period 2006-2019 correspond to the levels indicated 

according to the inequality of indicators. However, in Andalusia and Νότιο Αιγαίο there 

are clear discrepancies, although the Spanish region has managed to improve its economic 

development in line with the one indicated by the cohesion indicators in the last three 

years. On the other hand, although for five years (2006-2010) the Greek region had a 

higher per capita GDP than expected, in the last 8 years economic development levels are 

well below their potential. 

Figure 6. Evolution of Economic Development and Its Potential 

 

Source: Own elaboration based on Eurostat data 

 

Figure 7 shows the map of cohesion levels in the regions in transition. As shown, 

only two of the 45 regions have levels of economic cohesion below 0.5: Umbría (which 

belongs to Italy) and Northern and Western (23.0) to Ireland.  

  



Figure 7. Economic Cohesion Index: Transition Regions 

 

 
Source: Own elaboration based on Eurostat data 

 

Finally, Figure 8 shows the map with the most developed regions and their 

cohesion levels.  

Figure 8. Economic Cohesion Index: More Developed Regions 

 

 

 

Source: Own elaboration based on Eurostat data 



 

Observing Table 7, we can conclude that of a total of 116 regions, 19 regions have 

been identified with low cohesion levels. These regions belong to different countries: five 

from Italy, two from the Netherlands, two from Ireland, seven from Spain, and Portugal, 

Cyprus, and Greece. 

Discussion and Conclusions  

This research study has elaborated the Economic Cohesion Index (ECI), which 

allows ordering a set of regions/countries based on the degree of correspondence between 

the economic development of a region/country and its potential. This potential 

development is linked to the inequalities presented through a set of indicators within a 

group of regions/countries, with which their economic growth can be explained. In this 

regard, a region/country can be highly developed but at the same time have a low level of 

cohesion according to the inequalities of the indicators and vice versa. 

To measure inequalities, the Gini index, Theil's entropy index, and the Atkinson 

index have been applied, and similar results were obtained, confirming the robustness of 

the methodology. 

The same region can have a different level of cohesion depending on the group 

with which it is compared. This paper shows the cohesion levels for the set of 27 EU 

countries and the 242 regions of which they are composed, at the same time differentiating 

between less developed regions (116), regions in transition (45) and more developed 

regions (81).  

Analyzing cohesion by country, we could say that the 27 EU countries are quite 

cohesive, since a very clear correspondence is shown between the levels of development 

of each country, and their potential is attributable to the inequalities of the set of 

indicators. Of the 27 countries, 23 have a cohesion index (using Gini) between 0.96 (for 

the Netherlands) and 0.75 (for Luxembourg). At the bottom of the ranking, there is Spain 

with 0.71, Cyprus and Sweden do not reach 0.4, and Greece with 0.28. Sweden, despite 

being a highly developed country, presents a very low level of cohesion (below 0.5), 

which reflects a mismatch between its economic development and its potential. This 

implies that in certain regions, economic development may also be influenced by other 

factors that are not only associated with economic growth and may be related to the 

idiosyncrasy of each region (geographical location, natural resources, infrastructure, 

Comentado [PPR1]: Eliminar 



political regime, etc.). These factors could be identified with other metacomponents that 

would form part of territorial cohesion. 

In respect to the 242 NUTS2 regions, there are 34 regions with a cohesion index 

below 0.5, which shows important imbalances between economic development and its 

potential. Finally, with regard to economic cohesion by development groups, we can 

observe that in the regions in transition there are only two regions below 0.5. In the less 

developed regions, we have identified 23 regions and in the case of the more developed 

regions, a total of 19 regions present a cohesion index below 0.5. 

In any case, as we have already observed, in two particular cases of the less 

developed regions, namely Andalusia in Spain and Νότιο Αιγαίο in Greece, a low 

cohesion economic index raises concerns. In this regard, it is essential to check the 

region’s variation of economic development in recent years. Thus, we have seen that 

Andalusia has remarkably recovered the correspondence between its economic 

development and its potential, precisely in the last three years, while in the region of 

Greece the opposite trend can be observed.  

This methodology has been implemented under specific econometric software 

(EViews) that allows an analysis of the temporal evolution of the cohesion indices in the 

different regions, regional groups, and countries based on a continuous update of the 

indicators in real-time, in line with the publication of new information by Eurostat, as 

well as the possibility of incorporating new indicators. 

Concerning cohesion policies, it would be convenient to gradually reduce the 

number of regions that present a low level of cohesion, especially for the less developed 

ones. In this sense, it is important to leverage the resources of policies that allow  

modifying adequately the value of the indicators in those problematic regions, reducing 

the inequalities of the group to which they belong, which consequently may result in a 

higher cohesion of the region in question. 

The results of this research study constitute the first step to developing a synthetic 

index of territorial cohesion, where the other metacomponents that define it would also 

be taken into account to explain the economic development by incorporating other 

explanatory factors, as previously mentioned. 

From a methodological point of view, future research could consider the 

possibility of allowing a change of parameters by using the Kalman filter for each region 

or country. Likewise, in those countries with a large number of regions, it would also be 

possible to measure their cohesion within the country. 
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Annex 

 

Table 1. Unit root tests by countries 

 
 

 

 

 

 

 

 

 



Table 2. Unit root tests by regions 
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Table 3. Fixed Models (countries and all regions)  

 
 

 
 



Table 4. Fixed Models by Gini 

 (Less developed, transition and more developed regions)  

 



Table 5. Fixed Models by Theil 

 (Less developed, transition and more developed regions)  

 
  



Table 6. Fixed Models by Atkinson 

 (Less developed, transition and more developed regions)  

 
  



Table 7. Less developed regions 

 



Table 8. Transition regions  

 

 

  



Table 9. More developed regions  

 

 

 

 

 



Table 9. More developed regions (continuation). 

 

 

 



Table 10. All regions  

  



Table 10. All regions (continuation) 

 
 

 



Table 10. All regions (continuation) 

 
  



Table 11. Countries 

 

 

 

 

 

 

 

 

 


