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Abstract. While countries' social and economic well-being depends on various factors, 

recent research emphasises the importance of transport and ICT infrastructure. 

To reduce the welfare differences among EU countries, the European 

Commission and governments have to ensure the convergence of this 

infrastructure as well. Previous studies have shown that convergence is taking 

place at the national level, however the situation at the regional level still needs to 

be determined. In light of this, the study examines transport and ICT 

infrastructure convergence in EU member states and NUTS 2 regions at different 

periods. The research methodology is based on the neoclassical approach of 

convergence, i.e., β-convergence model presented by Barro and Sala-i-Martin 

(1992). This approach is deemed most appropriate for determining whether the 

disparities in terms of infrastructure among EU members and regions are 

diminishing. Research findings present clear evidence of absolute β-convergence 

in infrastructure development across EU member states and NUTS 2 regions. 

Strong evidence of transport convergence is identified among EU member states 

and among NUTS 2 regions, however, it is observed only in one out of the three 
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types of infrastructure. In contrast, the robust evidence of ICT infrastructure 

convergence is prominent across EU countries and NUTS 2 regions, showcasing 

substantial reductions in disparities. 

Keywords: infrastructure convergence, transport infrastructure, ICT infrastructure, 

EU, NUTS 2 regions 

JEL Classification: D83, O18, O47 

1. INTRODUCTION 

The literature on economic convergence has drawn a lot of attention over the last decades. However, 

there is scarce research on the convergence in infrastructure despite that core infrastructure has always been 

regarded as an important component of the EU integration process, as it plays an important role in regional 

economic development (Wang et al., 2020; Wang et al., 2020). Usually, previous studies analyse 

infrastructure as the factor leading to higher economic growth (Meersman & Nazemzadeh, 2017; Pandya & 

Maind, 2017; Wang et al., 2020; Zhang et al., 2019; Cong et al., 2020; Pasha et al., 2020; Maciulyte-Sniukiene 

& Butkus, 2022; Mačiulytė-Šniukienė, Butkus, & Davidavičienė, 2022), productivity (Dedrick et al., 2013; C. 

Wang et al., 2020), or regional convergence (Fageda & Olivieri, 2019; Mačiulytė-Šniukienė, Butkus, & 

Davidavičienė, 2022) neglecting the topic of the convergence of infrastructure. Moreover, research usually 

assesses the convergence of only one type of infrastructure, i.e. transport infrastructure (Beyzatlar & 

Yetkiner, 2017; Kot & Ojinji 2023) or ICT convergence (Park et al., 2015; Kathuria & Oh, 2018; Rath et al., 

2023; Saba & David, 2022).   

There are only a few research analysing transport infrastructure convergence. Beyzatlar and Yetkiner 

(2017) examined the convergence in transportation measures in EU-15 countries for the period 1970–2013 

applying difference GMM and System GMM methods. The results provide solid evidence that there is 

absolute and conditional convergence between the EU-15 countries in two transport measures: inland 

freight transportation per capita and inland passenger transportation per capita. These estimates show that 

convergence is even stronger when controlling variables such as GDP per capita, urbanization, openness, 

and inward FDI stock are included in the model. The authors state that the convergence of transport in the 

EU-15 also reflects the success of this integration policy in transport and that economic convergence feeds 

back into transport convergence as well. The other research by Saba (2021) covers 102 countries throughout 

1990–2018 period. The Phillips and Sul econometric convergence method was applied to test club 

convergence and to model transition paths toward convergence in this research. The main conclusions of 

the study suggest the existence of convergence at the global and regional levels (except for Africa, Europe, 

and Oceania, which exhibited divergence) which shows that transport-poor countries are catching up with 

transport-rich countries. As a result, it would be possible to enable less developed countries not to pay the 

costs associated with initial learning, implementation and assessment of transport infrastructure. A similar 

research was conducted by Saba et al. (2021) which analysed three indicators of transportation infrastructure: 

air transport, freight; roads total network (km); and rail lines (total route-km) from 1990 to 2018 for the 102 

countries confirmed convergence to the same steady state under the full sample. The study also found that 

the speed of panel convergence rates differs among analysed country groups. 

The other kind of infrastructure that plays a key role in economic growth is ICT infrastructure and as 

Saba and David (2020) state the convergence of ICTs ensures efficiency in resource allocation and promotes 

economic growth. The authors analysed 205 countries over the period 2000–2018 applying Phillips and Sul 

econometric methodology. The results identified the existence of club convergence in the analysed sample 

and that countries are moving toward convergence, and the speed of convergence is strong, however, less 
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developed regions, i.e. Sub-Saharan Africa, do not converge to the same steady state. Similar results we 

conducted by Kathuria and Oh (2018), indicating differences between analysed regions in terms of σ and β 

convergence across 98 countries for the period from 2000 to 2015. Results of σ convergence imply that 

European and North American countries have made significant progress in terms of ICT access, achieving 

both absolute and relative convergence, resulting in a real catch-up. In other regions, there has been an 

increase in the digital divide in terms of absolute measures. The estimations of β convergence that is positive, 

suggesting that countries that had lower initial levels of ICT are experiencing faster digital access compared 

to those with higher initial access. This indicates a decrease in the digital divide. The study by Park (2015) 

examining ICT data from 108 countries over the period 2000 – 2012 categorized countries into three groups 

and identified the difference in convergence speed among these groups. Group 1 had the highest level of 

digitalization, but the convergence was the slowest compared to the other two groups. On the other hand, 

group 3 had the fastest convergence rate among the three groups, despite having the lowest level of 

agreement in digitalization. A country's probability of being in a higher convergence level increases as the 

per capita GDP, tertiary education entrance rate, and the share of service trade in GDP values increase. 

Conversely, the ratio of urban population is inversely related to the convergence level, meaning that as the 

ratio of urban population increases, the probability of being in a higher convergence level decreases. 

Research by Rath et al. (2023) indicated that emerging market countries are converging among themselves 

and ‘catching up’ to the OECD countries in terms of convergence of ICT over the period 2000–2018. 

Authors also conclude that in the case of emerging market countries, per capita income, human capital, and 

FDI are significant factors that have an impact on the development of ICT. Koski and Majumdar (2000) 

examining the telecommunications sector in OECD countries over the period 1980–1995 indicated slower 

σ convergence during the first half of the 1990s than they did during the 1980s. This could be due to the 

reason that at the beginning of the 1990s, the OECD countries which were initially lagging in terms of their 

fixed and mobile services provision, as well as the modernization and quality of their fixed 

telecommunications networks. However, the results do not support the existence of β convergence which 

indicates that the ranking of OECD countries in terms of providing efficient telecommunications 

infrastructure has remained relatively consistent, but the range of differences in this distribution has 

decreased over time. 

We can conclude that transport infrastructure is the key factor for economic and productivity growth 

or even convergence processes but there is a lack of research analysing transport and ICT infrastructure 

convergence that could reduce regional disparities and promote economic growth.  

2. METHODOLOGICAL APPROACH 

Different concepts of convergence are applied to evaluate the process of infrastructure convergence 

in countries and regions, i.e., the absolute β-convergence (Beyzatlar & Yetkiner, 2017; Koski & Majumdar, 

2000), conditional β-convergence (Beyzatlar & Yetkiner, 2017), σ-convergence (Koski & Majumdar, 2000; 

Kathuria & Oh, 2018) and the club convergence (Park et al., 2015; Saba & David, 2020; Saba et al., 2021; 

Saba, 2021; Rath et al., 2023). As it was stated in the research of Butkus et al. (2018), although the different 

concepts of convergence are related, each one corresponds to different aspects of the same process. 

Therefore, it is crucial to consider what is being measured by a particular convergence index. Our research 

intends to investigate the convergence of ICT and transport infrastructure among EU Member states and 

NUTS 2 regions determining whether the disparities in terms of infrastructure among EU members and 

regions are diminishing. For that purpose, we apply the neoclassical approach of convergence, i.e., β- 

convergence model presented by Barro, Sala-i-Martin (1992). Our estimations are based on two equations. 

The first equation describes the absolute β-convergence: 
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1

𝑇−𝑡−1
ln (

𝐼𝑁𝐹𝑇,𝑖

𝐼𝑁𝐹𝑡,𝑖
) = 𝛼 + 𝛽 ∙ ln(𝐼𝑁𝐹𝑡,𝑖) + 𝜀𝑖 ,     (1) 

where 
1

𝑇−𝑡−1
ln (

𝐼𝑁𝐹𝑇,𝑖

𝐼𝑁𝐹𝑡,𝑖
) is the annual growth rate of infrastructure variable (ICT or transport) in the 

country or NUTS 2 region i over the period from t up to T. 𝐼𝑁𝐹𝑡 is the initial level of infrastructure variable 

(ICT or transport). 𝛼 and 𝛽 are the coefficients to be estimated, 𝜀𝑖 is the error term. 𝛽 is expected to be 

negative, meaning that the ICT and transport infrastructure convergence among EU Member states and 

NUTS 2 regions exists. 

To make our estimation results more reliable, we use three variables to measure the transport 

infrastructure, i.e. MOT (motorways, km. per thousand square km.), RLW (total railway lines, km. per 

thousand square km.) and AIR (air transport of passengers, passengers carried, thousand passengers). To 

measure the ICT infrastructure, we use two variables – INT (households with access to the internet at home, 

% of households) and BRD (households with broadband access, % of households). Estimations are made 

using data collected from Eurostat. Additionally, we aim to analyze if ICT and transport convergence exists 

during the different periods of EU Structural Funds financial support. For that purpose, transport 

infrastructure convergence is estimated separately for the periods 2000–2006, 2007–2013, 2014–2019, and 

the whole period 2000–2019. ICT infrastructure convergence is estimated separately for the periods 2007–

2013, 2014–2019, and the whole period 2007–2019. 2000–2006 for ICT infrastructure convergence and the 

year 2020 of EU Structural Funds financial support are not included in estimations due to the lack of data. 

Since countries and regions have different initial conditions (Butkus et al., 2018), the other uncontrolled 

variables could impact β-convergence. The authors investigating transport and ICT infrastructure 

convergence (Park et al., 2015; Beyzatlar & Yetkiner, 2017; Rath et al., 2023) relied on standard income 

convergence literature and included additional variables in their estimations. Beyzatlar and Yetkiner (2017) 

singled out such key factors as GDP per capita, urbanization (urban population), trade openness, and inward 

foreign direct investment (FDI) stock. Park (2015) controlled variables such as GDP per capita, tertiary 

education entrance rate, urban population, and the share of service trade in GDP. Per capita income, human 

capital, inward FDI flaws, ICT exports of goods and services, financial development, and urbanization rate 

variables were included in the research of Rath et al. (2023). 

Among variables that could have a positive impact on the ICT infrastructure development is economic 

growth (Nair et al., 2020; Pradhan, 2019; Pradhan et al., 2021; Sawng et al., 2021; Roger et al., 2022), GDP 

per capita (Farooqi, 2020), R&D (Lee et al., 2016; Nair et al., 2020), urbanization (Cohen-Blankshtain & 

Rotem-Mindali, 2016; Farooqi, 2020; Pradhan et al., 2021), inward FDI flaws (Arvin & Pradhan, 2014; Samir 

& Mefteh, 2020), institutional quality (Farooqi, 2020), education and trade openness (Lee et al., 2016). 

Variables such as economic growth (Maparu & Mazumder, 2021; Pradhan et al., 2021; Sarania, 2021), 

urbanization (Maparu & Mazumder, 2021; Pradhan et al., 2021), institutional quality (Di Liddo et al., 2019; 

Cavalieri et al., 2020), trade openness (Sarania, 2021) and inward FDI stock (Samir & Mefteh, 2020) are 

discussed as ones which can also encourage the development of transport infrastructure.  

To address the issue of uncontrolled variables in the absolute β-convergence model, we apply the 

second equation, which describes the conditional β-convergence: 

1

𝑇−𝑡−1
ln (

𝐼𝑁𝐹𝑇,𝑖

𝐼𝑁𝐹𝑡,𝑖
) = 𝛼 + 𝛽 ∙ ln(𝐼𝑁𝐹𝑡,𝑖) +  𝛾 ∙ 𝑋𝑖,𝑡→𝑇 

̅̅ ̅̅ ̅̅ ̅̅  + 𝜀𝑖 ,     (2) 

 

𝑋𝑖,𝑡→𝑇 
̅̅ ̅̅ ̅̅ ̅̅   is the mean value of the control variable in the country or NUTS 2 region i over the period 

from t up to T. 

As the other authors mentioned above, we include various control variables that proxy economic 

development, innovation and technology development, urbanization, education, institutional quality, and 
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economic openness. Economic development is approximated by GDP per capita at constant 2015 prices. 

We used the price index (implicit deflator), 2015 = 100, euro, to correct the changes in price levels over 

time. The variable is expressed in a logarithm (Ln_Y). To proxy the innovation and technology development 

(R&D) we use expenditure on R&D, % of GDP variable. Since urban population data is not collected at 

the NUTS 2 regional level, urbanization differs from other research (Park et al., 2015; Beyzatlar & Yetkiner, 

2017; Rath et al., 2023) and is approximated by population density (Ln_POP), people per sq. km of land 

area. As stated by (Potere & Schneider, 2007; United Nations, 2011), the level of urbanization could be 

expressed by demographic characteristics like population density. Institutional quality at the NUTS 2 

regional level is approximated by the quality sub-index (IQ) of the European Quality of Government Index 

(EQI). At the country level, institutional quality is measured by two variables, i.e., government effectiveness 

(IQ (1)) and voice and accountability (IQ (2)) indexes from World Bank’s World Governance Indicators. 

According to the structure of EQI, the quality sub-index is based on the mean of these two indexes (Charron 

et al., 2021). Economic openness is approximated by trade, % of GDP (OPEN) and FDI, net inflows, % of 

GDP (FDI). Education (EDU) is measured by population with tertiary education (age from 25 to 64 

years),  %. 

Data on GDP per capita, education, and expenditure on R&D are collected from Eurostat. Data on 

population density, FDI, trade openness – from World Bank database. The summary statistics of variables 

used in estimations of ICT convergence are presented in Table 1. The summary statistics of variables used 

in estimations of transport convergence are presented in Table 2. The Ordinary Least Squares (OLS) method 

is used to estimate the ICT and transport convergence in EU Member states and NUTS 2 regions. The 

heteroscedasticity robust standard errors are included in all estimations.  

 

Table 1 

The summary statistics of variables used to estimate ICT infrastructure convergence 

2007–2019 

Regional level (NUTS 2) 

Notion Variable Average Min Max St. Dev. 

Dependent variables 

INT Households with access to the internet at home 
(% of  households) 

74.76 17.0 100.0 16.43 

BRD Households with broadband access 
(% of  households) 

70.18 9.0 100.0 18.60 

Control variables 

Ln_Y Gross domestic product (GDP) per capita at 
constant 2015 prices 

10.01 8.15 11.52 0.62 

Ln_POP Population density (people per sq. km of land 
area) 

4.97 1.12 8.93 1.19 

R&D GERD (Gross domestic expenditure on R&D), 
% of GDP 

1.38 0.06 9.35 1.19 

EDU Population by educational attainment level, 
tertiary education (age from 25 to 64 years), % 

26.38 6.80 58.40 9.06 

IQ European Quality of Government Index 
(quality sub-index) 

-0.03 -3.16 3.31 1.00 

Country level 

Dependent variables 

INT Households with access to the internet at home 
(% of  households) 

73.26 18.96 98.41 16.23 

BRD Households with broadband access 
(% of  households) 

68.36 7.46 97.92 18.73 

Control variables 
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Ln_Y Gross domestic product (GDP) per capita at 
constant 2015 prices 

10.00 8.59 11.53 0.65 

Ln_POP Population density (people per sq. km of land 
area) 

4.67 2.86 7.36 0.90 

R&D GERD (Gross domestic expenditure on R&D), 
% of GDP 

1.55 0.38 3.73 0.89 

EDU Population by educational attainment level,  
tertiary education (age from 25 to 64 years), % 

4.67 2.86 7.36 0.90 

IQ (1) Government Effectiveness Index: Estimate 1.09 -0.37 2.35 0.58 

IQ (2) Voice and Accountability Index: Estimate 1.09 0.31 1.69 0.34 

OPEN Trade, % of GDP 126.17 45.42 377.84 65.68 

FDI Foreign direct investment, net inflows (% of 
GDP) 

12.76 -57.53 449.08 40.61 

Source: own compilation 

Table 2 

The summary statistics of variables used to estimate transport infrastructure convergence 

2000–2019 

Regional level (NUTS 2) 

Notion Variable Average Min Max St. Dev. 

Dependent variables 

MOT Road, rail and navigable inland waterways 
networks (motorways, km. per thousand 

square km.) 

28.10 0.0 191.0 29.36 

RLW Road, rail and navigable inland waterways 
networks (total railway lines, km. per 

thousand square km.) 

69.44 0.0 708.0 81.39 

AIR Air transport of passengers (passengers 
carried, thousand passengers) 

6.37×103 0.0 6.37×105 1.2×104 

Control variables 

Ln_Y Gross domestic product (GDP) per capita at 
constant 2015 prices 

9.96 7.81 11.52 0.65 

Ln_POP Population density (people per sq. km of 
land area) 

4.96 1.12 8.93 1.19 

IQ European Quality of Government Index 
(quality sub-index) 

-0.03 -3.16 3.31 1.01 

Country level 

Dependent variables 

MOT Road, rail and navigable inland waterways 
networks (motorways, km. per thousand 

square km.) 

20.34 0.0 82.00 19.63 

RLW Road, rail and navigable inland waterways 
networks (total railway lines, km. per 

thousand square km.) 

56.03 17.00 127.00 31.07 

AIR Air transport of passengers (passengers 
carried, thousand passengers) 

3.70×104 362.00 2.28×105 5.08×104 

Control variables 

Ln_Y Gross domestic product (GDP) per capita at 
constant 2015 prices 

9.94 8.12 11.52 0.69 

Ln_POP Population density (people per sq. km of 
land area) 

4.67 2.83 7.36 0.89 

IQ (1) Government Effectiveness Index: Estimate 1.10 -0.37 2.35 0.61 

IQ (2) Voice and Accountability Index: Estimate 1.11 0.30 1.80 0.34 

OPEN Trade, % of GDP 118.31 45.42 377.84 62.10 

FDI Foreign direct investment, net inflows (% of 
GDP) 

12.35 -57.53 449.08 39.65 

Source: own compilation 
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3. CONDUCTING RESEARCH AND RESULTS 

Empirical findings revealed that absolute β-convergence in terms of infrastructure development among 

EU Member states and NUTS 2 regions is present. However, results vary across different infrastructure 

variables and periods of EU Structural Funds financial support. The presence of negative and statistically 

significant β coefficients suggests that countries and regions with less advanced infrastructure tend to 

experience faster infrastructure growth compared to those with higher initial levels of infrastructure.  

During the 20 years the average speed of transport infrastructure (measured by motorways, km. per 

thousand square km.) convergence was about 1.6 % among EU Member states (see Table 3) and about 1.3 

% among NUTS 2 regions (see Table 4). However, the convergence process is not developing in all 

considered transport sectors. For example, the convergence process was not confirmed in the cases, when 

transport infrastructure was measured by total railway lines or air transport of passengers. This implies that 

financial support of EU Structural Funds for transport development may be allocated unevenly or 

inefficiently. 

More detailed analysis also showed that there are no significant differences in transport infrastructure 

convergence among NUTS 2 regions during different periods of EU Structural Funds financial support 

with one exception. Results suggest that there was strong evidence of transport infrastructure (measured by 

thousand passengers of air transport carried) convergence among NUTS 2 regions during the period of 

2000–2006 but afterward, this tendency stopped. The highest transport infrastructure convergence 

(measured by motorways, km. per thousand square km.) speed (about 3.2 %) among EU countries was 

reached from 2007 to 2013 EU funding. The estimated convergence coefficient for the period 2000–2006 

was insignificant regardless of the chosen transport infrastructure variable. It is also can be seen that between 

2014 and 2019, some transport convergence (measured by thousand passengers of air transport carried) 

evidence was detected among EU Member states. Our results are in line with Beyzatlar and Yetkiner (2017) 

who also confirmed the existence of transport infrastructure convergence among the EU-15 countries and 

with other authors (Saba, 2021; Saba et al., 2021) who confirmed that transport-poor countries are catching 

up with transport-rich countries.  

The more robust evidence of existing infrastructure convergence is revealed in terms of ICT 

infrastructure development. β-convergence is very strong among EU countries and NUTS 2 regions 

regardless of the chosen variable or period of time. The average speed of ICT infrastructure convergence 

during the whole period 2007–2019 ranged from 7 % to 7.6 %. The average convergence speed during the 

different periods of EU financial support ranged from 9.7 % to 13.1 % and was quite similar for EU Member 

states compared to NUTS 2 regions. The magnitude of ICT convergence among EU countries and regions 

is high meaning that the disparities in terms of ICT among EU Members and regions are rapidly diminishing. 

Also, our results suggest that the ICT convergence (measured by households with broadband access as % 

of households) between 2014 and 2019 has lost its speed but the speed of ICT convergence (measured by 

households with access to the internet at home as % of households) increased. These results support the 

idea that the digital divide among EU countries or NUTS 2 regions is decreasing as in other countries or 

groups of countries in the world which is in line with previous research (Saba & David, 2020; Kathuria & 

Oh, 2018; Park et al., 2015). 
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Table 3 

Infrastructure convergence among EU Member States 

Infrastructure  Variable 2000–2006 2007–2013 2014–2019 2000–2019 

Transport  Motorways (MOT) −0.014 −0.032*** −0.011** −0.016*** 

(0.009) (0.008) (0.005) (0.005) 

Obs. 22 24 24 22 

Railways (RLW) −0.003 −0.001 −0.003 −0.002 

(0.004) (0.005) (0.002) (0.002) 

Obs. 23 24 24 23 

Air transport (AIR) −0.020 −0.003 −0.012*** −0.010* 

(0.018) (0.005) (0.003) (0.005) 

Obs. 10 26 27 10 

 Variable 2000–2006 2007–2013 2014–2019 2007–2019 

ICT Internet (INT)  −0.099*** −0.113*** −0.071*** 

 (0.004) (0.009) (0.002) 

Obs.  27 27 27 

Broadband (BRD)  −0.131*** −0.110*** −0.076*** 

 (0.004) (0.010) (0.001) 

Obs.  26 27 27 

Note. The table represents estimated β coefficients for different transport or ICT infrastructure indicators 

separately. Heterostedasticity robust standard errors are represented in parentheses. *, **, *** indicate 

significance at the 10, 5, and 1 percent level, respectively. 

 

Table 4 

Infrastructure convergence among NUTS 2 regions 

Infrastructure  Variable 2000–2006 2007–2013 2014–2019 2000–2019 

Transport  Motorways (MOT) −0.017*** −0.016*** −0.015*** −0.013*** 

(0.005) (0.007) (0.004) 0.003 

Obs. 129 145 100 74 

Railways (RLW) −0.004 −0.003 −0.003 0.001 

(0.004) (0.004) (0.002) (0.002) 

Obs. 84 128 113 69 

Air transport (AIR) −0.021*** −0.008 0.004 0.001 

(0.007) (0.003) (0.003) (0.003) 

Obs. 72 157 166 84 

 Variable 2000–2006 2007–2013 2014–2019 2007–2019 

ICT Internet (INT)  −0.097*** −0.120*** −0.070*** 

 (0.004) (0.004) (0.001) 

Obs.  75 155 75 

Broadband (BRD)  −0.125*** −0.118*** −0.072*** 

 (0.003) (0.005) (0.001) 

Obs.  75 155 75 

Note. The table represents estimated β coefficients for different transport or ICT infrastructure indicators 

separately. Heterostedasticity robust standard errors are represented in parentheses. *, **, *** indicate 

significance at the 10, 5, and 1 percent level, respectively. 

 

Following the idea, that other initial conditions of countries and regions could change the convergence 

ratio or even increase it (Beyzatlar & Yetkiner, 2017), we include other variables in our calculations. 

Differently from Beyzatlar and Yetkiner (2017), we do not find that all of the control variables are associated 

with increased convergence speed. Results of conditional β-convergence of transport infrastructure show 

that the key factor changing the speed of convergence among EU Members is population density which is 
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the measure of urbanization. Due to the inclusion of this factor, the speed of convergence increased from 

1.6% to 2.9 % during the whole period (see Table A in Appendices), from 3.2% to 4.9% during the period 

of 2007–2013 (see Table C), and increased from 1.1% to 2.2% during the period 2014–2019 (see Table D). 

The convergence process also became strong (3.3%) and statistically significant during the period of 2000–

2006 (see Table B). Other variables such as institutional quality, economic openness and foreign direct 

investment have no impact on the speed of transport infrastructure convergence among EU countries and 

barely have an impact on transport infrastructure development at all. 

The same tendencies are revealed by analysing the transport infrastructure convergence among NUTS 

2 regions. During the whole analysed period, the convergence speed increased from 1.3% to 2.2% due to 

the inclusion of the population density variable into the equation (see Table E). The same is during all 

periods of EU programming funding. These results suggest that countries and regions with higher 

population density might prioritize and invest more in improving their transportation systems due to higher 

demand. Conclusions about the effect of income and institutional quality on the development of transport 

and the speed of convergence are not unambiguous and depend on the chosen research period and transport 

infrastructure indicator. Differently from the EU Member States context, empirical results suggest that from 

2000 to 2019, due to the inclusion of variables that measure economic development and institutional quality, 

the convergence speed among NUTS 2 regions slightly decreased from 1.3% on average to 0.65% on 

average. Going into more detail, it seems that a higher level of income and institutional quality is positively 

correlated with the infrastructure development of railways (except from 2014 to 2019) and negatively with 

the infrastructure development of air transport and motorways). It is in line with Zhang and Graham (2020) 

study results that revealed only one direction of causality between GDP and air transport, which runs from 

air transport to economic growth.  The negative correlation between income and motorways is unexpected 

but logical. Generally, EU countries with lower income invest in developing motorways from EU Structural 

Funds. The higher the country's GDP, the less EU support it receives, and therefore, the less it invests in 

motorways infrastructure.  

Further analysis shows that different from the case of transport infrastructure, higher income either 

boosts the ICT development or is associated with increased speed of ICT convergence among EU countries 

during the whole analysed period and the 2014–2019 period (see Table F). Other factors such as technology 

development and education despite their minor impact on ICT development are also associated with the 

increased speed of ICT infrastructure convergence. These results support the findings by Park et al. (2015) 

who revealed that a country's probability of being in a higher ICT infrastructure convergence level is 

associated with higher per capita GDP and tertiary education entrance rate.  

Analysis of conditional ICT convergence among NUTS 2 regions revealed that during the whole 

analysed period (2007–2019) two factors i.e. institutional quality and education had a minor but positive 

impact on ICT development (measured by households with access to the internet at home as % of 

households) (see Table G). Controlling of these variables minimally but the speed of ICT infrastructure 

convergence increased as well. More detailed analysis showed that during different periods of EU Structural 

Funds financial support the main factors that have an impact on ICT infrastructure development and 

increase the speed of ICT infrastructure convergence are economic development, technology development, 

institutional quality and education. Following our results, we can state that technological development was 

more important between 2007 and 2013 while between 2014 and 2019, education found its place. 
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CONCLUSION 

In recent years, economic convergence literature has gained prominence, yet research on infrastructure 

convergence is still very scarce. Despite infrastructure's role in EU integration and regional development, 

studies often focus on economic growth, productivity, or regional disparities, overlooking broader 

infrastructure convergence. Research has touched on transport and ICT infrastructure convergence, 

revealing encouraging signs of convergence among EU-15 countries and globally, showcasing the reciprocal 

relationship between economic and transport convergence. ICT convergence also emerged as a key driver 

of economic growth and resource efficiency. Overall, addressing the gap in infrastructure convergence 

research our study aims to examine transport and ICT infrastructure convergence in EU Member states and 

NUTS 2 regions. 

Our empirical findings present clear evidence of absolute β-convergence in terms of infrastructure 

development across EU Member states and NUTS 2 regions. However, the extent of convergence varies 

among different infrastructure variables and programming periods. Negative and statistically significant β 

coefficients indicate that less developed infrastructure leads to faster infrastructure growth. Transport 

infrastructure convergence exhibited diverse outcomes, with some sectors showing convergence and others 

not. Despite variations, the results indicated that EU Structural Funds allocation for transport development 

might require a more balanced distribution. While some transport infrastructure convergence was observed 

among NUTS 2 regions, strong evidence of convergence was evident among EU Member states, particularly 

during certain periods. 

In contrast, the robust evidence of ICT infrastructure convergence was prominent across both EU 

countries and NUTS 2 regions, showcasing substantial reductions in disparities. ICT convergence displayed 

consistent trends over different periods and variables, suggesting that the digital divide within the EU is 

diminishing. The role of various factors, such as income, education, and technology development, was 

confirmed in influencing the pace of ICT convergence. 

Furthermore, the influence of other variables on the convergence process was explored, with 

population density emerging as a key factor affecting transport infrastructure convergence among EU 

Member states. Other control variables were found to influence transport and ICT development, although 

impacts varied based on specific indicators and timeframes. 

In conclusion, the study provides valuable insights into infrastructure convergence dynamics within 

the EU. The presence of convergence underscores the significance of addressing initial disparities, and the 

findings have implications for the targeted allocation of EU Structural Funds to ensure efficient 

infrastructure development. Moreover, the study highlights the consistent progress of ICT infrastructure 

convergence, which aligns with broader trends in reducing digital disparities. The identified factors 

influencing convergence emphasize the complex interplay of economic, social, technological, and 

institutional aspects in shaping infrastructure development trajectories. 
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APPENDICES 

Table A 

Transport infrastructure convergence among EU Member states during the period 2000–2019 

 2000–2019 

MOT1 MOT2 MOT3 MOT4 MOT5 MOT6 

𝜷 −0.016** −0.016*** −0.016*** −0.029*** −0.017*** −0.016*** 

(0.007) (0.005) (0.005) (0.006) (0.005) (0.005) 

 Ln_Y IQ (1) IQ (2) Ln_POP OPEN FDI 

𝜸 −0.002 −0.002 −0.003 0.025*** 0.0001 0.000 

(0.014) (0.007) (0.013) (0.007) (0.000) (0.000) 

Obs.  22 22 22 22 22 22 

 RLW1 RLW2 RLW3 RLW4 RLW5 RLW6 

𝜷 −0.002 −0.001 −0.001 −0.004 −0.002 −0.002 

(0.002) (0.003) (0.002) (0.004) (0.003) (0.006) 

 Ln_Y IQ (1) IQ (2) Ln_POP OPEN FDI 

𝜸 0.001 −0.002 −0.004 0.002 0.000 –0.000 

(0.001) (0.003) (0.004) (0.003) (0.000) (0.000) 

Obs.  23 23 23 23 23 23 

 AIR1 AIR2 AIR3 AIR4 AIR5 AIR6 

𝜷 −0.011* −0.011 −0.011* −0.010 −0.012* −0.010* 

(0.006) (0.006) (0.006) (0.006) (0.006) (0.005) 

 Ln_Y IQ (1) IQ (2) Ln_POP OPEN FDI 

𝜸 −0.007 0.004 0.008 –0.000 −0.000 −0.000 

(0.013) (0.009) (0.016) (0.006) (0.000) (0.000) 

Obs. 10 10 10 10 10 10 

Note. The table represents estimation results of conditional β-convergence. Heterostedasticity robust 

standard errors are represented in parentheses. *, **, *** indicate significance at the 10, 5, and 1 percent 

level, respectively. 
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Table B 

Transport infrastructure convergence among EU Member states during the period 2000–2006 

Note. The table represents estimation results of conditional β-convergence. Heterostedasticity robust 

standard errors are represented in parentheses. *, **, *** indicate significance at the 10, 5, and 1 percent 

level, respectively. 

  

 2000–2006 

MOT1 MOT2 MOT3 MOT4 MOT5 MOT6 

𝜷 −0.009 −0.013 −0.014 −0.033*** −0.014 −0.015 

(0.011) (0.009) (0.009) (0.009) (0.009) (0.010) 

 Ln_Y IQ (1) IQ (2) Ln_POP OPEN FDI 

𝜸 −0.014 −0.009 −0.009 0.041*** 0.000 0.001 

(0.026) (0.015) (0.030) (0.013) (0.000) (0.001) 

Obs. 22 22 22 22 22 22 

 RLW1 RLW2 RLW3 RLW4 RLW5 RLW6 

𝜷 −0.003 −0.003 −0.003 −0.005 −0.004 −0.004 

(0.004) (0.003) (0.003) (0.006) (0.004) (0.004) 

 Ln_Y IQ (1) IQ (2) Ln_POP OPEN FDI 

𝜸 0.001 −0.001 −0.002 0.002 0.000 0.000 

(0.002) (0.003) (0.005) (0.003) (0.000) (0.000) 

Obs. 23 23 23 23 23 23 

 AIR1 AIR2 AIR3 AIR4 AIR5 AIR6 

𝜷 −0.018 −0.026 −0.028 −0.017 −0.023 −0.023 

(0.018) (0.018) (0.019) (0.023) (0.022) (0.019) 

 Ln_Y IQ (1) IQ (2) Ln_POP OPEN FDI 

𝜸 0.034 0.039 0.068 −0.008 −0.000 −0.002 

(0.029) (0.023) (0.039) (0.019) (0.000) (0.002) 

Obs. 10 10 10 10 10 10 
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Table C 

Transport infrastructure convergence among EU Member states during the period 2007–2013 

 2007–2013 

MOT1 MOT2 MOT3 MOT4 MOT5 MOT6 

𝜷 −0.034*** −0.032*** −0.032*** −0.049*** −0.033*** −0.032*** 

(0.012) (0.008) (0.008) (0.008) (0.009) (0.009) 

 Ln_Y IQ (1) IQ (2) Ln_POP OPEN FDI 

𝜸 0.007 −0.002 0.003 0.037*** 0.000 0.000 

(0.020) (0.011) (0.023) (0.010) (0.000) (0.000) 

Obs. 24 24 24 24 24 24 

 RLW1 RLW2 RLW3 RLW4 RLW5 RLW6 

𝜷 −0.001 0.000 0.001 −0.004 −0.002 −0.002 

(0.005) (0.006) (0.006) (0.011) (0.005) (0.005) 

 Ln_Y IQ (1) IQ (2) Ln_POP OPEN FDI 

𝜸 0.003 −0.002 −0.007 0.004 0.000 0.001*** 

(0.003) (0.005) (0.012) (0.008) (0.000) (0.000) 

Obs. 24 24 24 24 24 24 

 AIR1 AIR2 AIR3 AIR4 AIR5 AIR6 

𝜷 −0.003 −0.003 −0.003 −0.003 −0.004 −0.003 

(0.005) (0.005) (0.005) (0.005) (0.007) (0.005) 

 Ln_Y IQ (1) IQ (2) Ln_POP OPEN FDI 

𝜸 −0.004 −0.011 −0.018 0.002 −0.000 0.000 

(0.009) (0.008) (0.018) (0.005) (0.000) (0.000) 

Obs. 26 26 26 26 26 26 

Note. The table represents estimation results of conditional β-convergence. Heterostedasticity robust 

standard errors are represented in parentheses. *, **, *** indicate significance at the 10, 5, and 1 percent 

level, respectively. 
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Table D 

Transport infrastructure convergence among EU Member states during the period 2014–2019 

Note. The table represents estimation results of conditional β-convergence. Heterostedasticity robust 

standard errors are represented in parentheses. *, **, *** indicate significance at the 10, 5, and 1 percent 

level, respectively. 

  

2014–2019 

 MOT1 MOT2 MOT3 MOT4 MOT5 MOT6 

𝜷 −0.009 −0.011** −0.011** −0.022** −0.013*** −0.011** 

(0.005) (0.005) (0.005) (0.011) (0.004) (0.005) 

 Ln_Y IQ (1) IQ (2) Ln_POP OPEN FDI 

𝜸 −0.007 0.005 0.000 0.018 0.0001** 0.000 

(0.007) (0.014) (0.019) (0.013) (0.000) (0.000) 

Obs. 24 24 24 24 24 24 

 RLW1 RLW2 RLW3 RLW4 RLW5 RLW6 

𝜷 −0.002 −0.002 −0.002 −0.005* −0.004 −0.003 

(0.003) (0.003) (0.003) (0.002) (0.003) (0.003) 

 Ln_Y IQ (1) IQ (2) Ln_POP OPEN FDI 

𝜸 −0.001 −0.002 −0.003 0.002 0.000 0.000 

(0.002) (0.002) (0.003) (0.002) (0.000) (0.000) 

Obs. 24 24 24 24 24 24 

 AIR1 AIR2 AIR3 AIR4 AIR5 AIR6 

𝜷 −0.009* −0.012*** −0.012*** −0.013 *** −0.012** −0.012*** 

(0.004) (0.003) (0.003) (0.003) (0.004) (0.003) 

 Ln_Y IQ (1) IQ (2) Ln_POP OPEN FDI 

𝜸 −0.022* −0.015* −0.024 0.003 0.000 −0.000 

(0.012) (0.008) (0.015) (0.004) (0.000) (0.000) 

Obs. 27 27 27 27 27 27 
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Table E 

Transport infrastructure convergence among NUTS 2 regions during the different periods of EU 

Structural Funds financial support and the whole period 
 2000–2006 2007–2013 2014–2019 2000–2019 

MOT1 MOT2 MOT3 MOT1 MOT2 MOT3 MOT1 MOT2 MOT3 MOT1 MOT2 MOT3 

𝜷 –0.007 −0.015**

* 

−0.025**

* 

−0.009 −0.015*

* 

−0.025**

* 

−0.012** −0.011**

* 

−0.030**

* 

−0.007** −0.006** −0.022**

* 

(0.005) (0.005) (0.009) (0.008) (0.007) (0.009) (0.005) (0.004) (0.009) (0.003) (0.003) (0.003) 

 Ln_Y IQ Ln_PO

P 

Ln_Y IQ Ln_PO

P 

Ln_Y IQ Ln_PO

P 

Ln_Y IQ Ln_PO

P 

𝜸 −0.035**

* 

−0.007 0.015* −0.020*

* 

−0.006 0.013** −0.008 −0.011** 0.021** −0.016**

* 

−0.017**

* 

0.015*** 

(0.010) (0.008) (0.008) (0.009) (0.004) (0.006) (0.007) (0.004) (0.010) (0.005) (0.004) (0.003) 

Obs. 130 120 110 145 135 126 100 90 100 74 64 74 

 RLW1 RLW2 RLW3 RLW1 RLW2 RLW3 RLW1 RLW2 RLW3 RLW1 RLW2 RLW3 

𝜷 −0.002 −0.003 −0.014**

* 

−0.004 −0.004 −0.016* −0.002 −0.001 0.001 0.001 0.001 −0.003 

(0.004) (0.004) (0.005) (0.004) (0.004) (0.009) (0.002) (0.002) (0.001) (0.002) (0.002) (0.002) 

 Ln_Y IQ Ln_PO

P 

Ln_Y IQ Ln_PO

P 

Ln_Y IQ Ln_PO

P 

Ln_Y IQ Ln_PO

P 

𝜸 0.012*** 0.005* 0.011** 0.007**

* 

0.005**

* 

0.010** −0.005** −0.006** −0.003 0.004*** 0.002 0.004 

(0.004) (0.003) (0.004) (0.002) (0.002) (0.004) (0.002) (0.002) (0.002) (0.002) (0.001) (0.001) 

Obs. 84 84 84 128 128 128 113 113 113 69 69 69 

 AIR1 AIR2 AIR3 AIR1 AIR2 AIR3 AIR1 AIR2 AIR3 AIR1 AIR2 AIR3 

𝜷 −0.021**

* 

−0.023**

* 

−0.021**

* 

−0.008 −0.008 −0.004 0.007* 0.006 0.002 0.001 0.002 −0.000 

(0.007) (0.008) (0.007) (0.007) (0.007) (0.004) (0.004) (0.004) (0.004) (0.003) (0.003) (0.003) 

 Ln_Y IQ Ln_PO

P 

Ln_Y IQ Ln_PO

P 

Ln_Y IQ Ln_PO

P 

Ln_Y IQ Ln_PO

P 

𝜸 −0.013 −0.019 −0.003 −0.001 −0.006 0.009* −0.035**

* 

−0.020**

* 

0.003 −0.001 0.002 0.004 

(0.030) (0.018) (0.008) (0.013) (0.005) (0.005) (0.010) (0.005) (0.004) (0.010) (0.006) (0.003) 

Obs. 73 61 56 157 135 130 166 144 136 84 72 67 

Note. The table represents estimation results of conditional β-convergence. Heterostedasticity robust 

standard errors are represented in parentheses. *, **, *** indicate significance at the 10, 5, and 1 percent 

level, respectively. 
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Table F 

ICT infrastructure convergence among EU Member states during different periods of EU Structural 

Funds financial support and the whole period 

 2007–2019 

INT1 INT2 INT3 INT4 INT5 INT6 INT7 INT8 

𝜷 −0.075*** −0.073*** −0.071*** −0.071*** −0.071*** −0.072*** −0.070*** −0.070*** 

(0.003) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) 

 Ln_Y R&D IQ (1) IQ (2) Ln_POP EDU OPEN FDI 

𝜸 0.003** 0.001 0.000 0.001 –0.000 0.000 –0.000 0.00004*** 

(0.001) (0.001) (0.001) (0.002) (0.001) (0.000) (0.000) (0.000) 

Obs. 27 27 27 27 27 27 27 27 

 BRD1 BRD2 BRD3 BRD4 BRD5 BRD6 BRD7 BRD8 

𝜷 −0.079*** −0.078*** −0.077*** −0.076*** −0.076*** −0.078*** −0.076*** −0.076*** 

(0.001) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) 

 Ln_Y R&D IQ (1) IQ (2) Ln_POP EDU OPEN FDI 

𝜸 0.004*** 0.001* 0.001 0.002 0.000 0.0002** 0.000 0.0001*** 

(0.001) (0.001) (0.001) (0.002) (0.001) (0.000) (0.000) (0.000) 

Obs. 27 27 27 27 27 27 27 27 

 2007–2013 

INT1 INT2 INT3 INT4 INT5 INT6 INT7 INT8 

𝜷 −0.105*** −0.105*** −0.101*** −0.100*** −0.099*** −0.100*** −0.101*** −0.099*** 

(0.007) (0.007) (0.005) (0.004) (0.004) (0.005) (0.004) (0.004) 

 Ln_Y R&D IQ (1) IQ (2) Ln_POP EDU OPEN FDI 

𝜸 0.004 0.003 0.003 0.003 0.001 0.000 0.000 −0.000 

(0.004) (0.002) (0.003) (0.006) (0.001) (0.000) (0.000) (0.000) 

Obs. 27 27 27 27 27 27 27 27 

 BRD1 BRD2 BRD3 BRD4 BRD5 BRD6 BRD7 BRD8 

𝜷 −0.134*** −0.140*** −0.133*** −0.132*** −0.132*** −0.130*** −0.130*** −0.131*** 

(0.004) (0.005) (0.005) (0.005) (0.005) (0.005) (0.004) (0.004) 

 Ln_Y R&D IQ (1) IQ (2) Ln_POP EDU OPEN FDI 

𝜸 0.003 0.008*** 0.007** 0.012* 0.001 −0.000 −0.000 0.000 

(0.005) (0.003) (0.003) (0.006) (0.002) (0.000) (0.000) (0.000) 

Obs. 26 26 26 26 26 26 26 26 

 2014–2019 

INT1 INT2 INT3 INT4 INT5 INT6 INT7 INT8 

𝜷 −0.129*** −0.119*** −0.114*** −0.114*** −0.112*** −0.121*** −0.109*** −0.111*** 

(0.017) (0.010) (0.009) (0.009) (0.009) (0.012) (0.008) (0.008) 

 Ln_Y R&D IQ (1) IQ (2) Ln_POP EDU OPEN FDI 

𝜸 0.004 0.001 0.001 0.001 −0.001 0.000 –0.00002** 0.0001*** 

(0.003) (0.002) (0.002) (0.002) (0.001) (0.000) (0.000) (0.000) 

Obs. 27 27 27 27 27 27 27 27 

 BRD1 BRD2 BRD3 BRD4 BRD5 BRD6 BRD7 BRD8 

𝜷 −0.126*** −0.114*** −0.111*** −0.111*** −0.109*** −0.120*** −0.107*** −0.109*** 

(0.020) (0.012) (0.011) (0.010) (0.010) (0.013) (0.010) (0.010) 

 Ln_Y R&D IQ (1) IQ (2) Ln_POP EDU OPEN FDI 

𝜸 0.004 0.001 0.001 0.002 −0.001 −0.001 −0.000 0.0001*** 

(0.003) (0.002) (0.002) (0.003) (0.001) (0.001) (0.000) (0.000) 

Obs. 27 27 27 27 27 27 27 27 

Note. The table represents estimation results of conditional β-convergence. Heterostedasticity robust 

standard errors are represented in parentheses. *, **, *** indicate significance at the 10, 5, and 1 percent 

level, respectively. 
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Table G 

ICT infrastructure convergence among NUTS 2 regions during the different periods of EU Structural 

Funds financial support and the whole period 
 2007–2013 2014–2019 2007–2019 

INT1 INT2 INT3 INT4 INT5 INT1 INT2 INT3 INT4 INT5 INT1 INT2 INT3 INT4 INT5 

𝜷 −0.093**

* 

−0.102 

*** 

−0.106 

*** 

−0.098 

*** 

−0.100 

*** 

−0.135 

*** 

−0.119 

*** 

−0.139 

*** 

−0.117 

*** 

−0.131 

*** 

−0.070 

*** 

−0.070 

*** 

−0.075 

*** 

−0.070 

*** 

−0.074 

*** 

(0.005) (0.005) (0.006) (0.004) (0.004) (0.007) (0.006) (0.008) (0.005) (0.006) (0.002) (0.001) (0.002) (0.001) (0.001) 

 Ln_Y R&D IQ Ln_PO

P 

EDU Ln_Y R&D IQ Ln_PO

P 

EDU Ln_Y R&D IQ Ln_PO

P 

EDU 

𝜸 −0.004 0.004 

*** 

0.005*

* 

0.001 0.000 0.005 

*** 

−0.000 0.004 

*** 

−0.001* 0.0003*** 0.000 –0.000 0.003 

*** 

0.000 0.0003 

*** 

(0.006) (0.005) (0.002) (0.001) (0.000) (0.002) (0.001) (0.001) (0.000) (0.000) (0.002) (0.001) (0.001) (0.000) (0.000) 

Obs 75 75 73 75 75 155 122 143 135 155 75 75 73 75 75 

 BRD1 BRD2 BRD3 BRD4 BRD5 BRD1 BRD2 BRD3 BRD4 BRD5 BRD1 BRD2 BRD3 BRD4 BRD5 

𝜷 −0.136**

* 

−0.131 

*** 

−0.129 

*** 

−0.126 

*** 

−0.122**

* 

−0.120 

*** 

−0.117 

*** 

−0.120 

*** 

−0.114 

*** 

−0.127**

* 

0.073 

*** 

−0.072**

* 

−0.073**

* 

−0.072 

*** 

−0.074**

* 

(0.003) (0.003) (0.005) (0.003) (0.003) (0.008) (0.007) (0.009) (0.005) (0.007) (0.001) (0.001) (0.002) (0.001) (0.001) 

 Ln_Y R&D IQ Ln_PO

P 

EDU Ln_Y R&D IQ Ln_PO

P 

EDU Ln_Y R&D IQ Ln_PO

P 

EDU 

𝜸 0.020 

*** 

0.006 

*** 

0.003 0.000 −0.000 0.001 −0.001 0.001 −0.001*

* 

0.000 0.002 −0.000 0.001 0.000 0.000 

(0.005) (0.002) (0.002) (0.002) (0.000) (0.002) (0.001) (0.001) (0.000) (0.000) (0.001) (0.001) (0.001) (0.000) (0.000) 

Obs 75 75 73 75 75 155 122 143 135 155 75 75 73 75 75 

Note. The table represents estimation results of conditional β-convergence. Heterostedasticity robust 

standard errors are represented in parentheses. *, **, *** indicate significance at the 10, 5, and 1 percent 

level, respectively. 
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