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Abstract

:

This paper examines the link between the transport infrastructure and the economic performance in the EU-28 countries, over the period of time 2000–2014, using panel data methods. Firstly, we aim to provide the theoretical background of the transport infrastructure development, public sector performance and economic growth. The paper’s key point is the detailed look at the components of transport infrastructure, analyzing the implications of the policy-makers based on a production function and in order to test the policy implication, factor analysis is also employed. The results show significant effects from transport infrastructure components even after institutional and other factors are controlled for. From the path analysis results, the study confirm the alternative hypothesis, outlining the unidirectional long-run causality relationship between growth, transport infrastructure and Public Sector Performance. Transport infrastructure status (measured thought index of transport) has significant impact on economic development with coefficient estimate. The public performance indicators influence the way to economic growth. On the one hand, the corruption, the regulatory environment, size shadow economy, infant mortality, income inequality, inflation and unemployment rate negatively affect the economic growth, and on the other hand there is a strong positive relationship between the quality of the judiciary, education achievement, life expectancy and economic growth.
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1. Introduction


The transport infrastructure in all 28 countries of the European Union (EU-28) has undergone the fastest development in the last decades, and the impact of the transportation on sustainable development and economic growth has become a concern for policy-makers as well for economists or entrepreneurs. To identify multiple impacts of transportation infrastructure development, the studies mainly focus both on statistical results [1], and economic fundamentals theories. Even if the effect of transport infrastructure development in relationship with economic growth has been receiving more attention and debate and has been empirically investigated, there are still many aspects that should be taken into account for more detailed expertise. However, most papers analyze the implication of transport infrastructure on sustainable economic growth [2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19], losing sight of it the quality of public decision-making and the reliance of public policies on economic reasoning. Completing the existing studies, this paper explores the interdependence between economic growth, transport infrastructure and policy implication, specifically from the point of public sector performance status in the EU-28 over the period of time 2000–2014. The paper contributes to the literature on the transport-led economic growth hypothesis because there are few studies examining the relationship between the transport infrastructure and the economic growth at the level of the EU-28 over the recent years taking into account the period of global crisis, the diversities of the economies in the structure and the most important, this study it is the first one that analyses from the perspective of public sector performance status. By the fact that it is necessary to create commonality and to apply growth equation by taking care of spuriously implication in the model results. Another novelty aspect of this research is the development of a transport index. In this context, the paper contributes to creating a comprehensive view on the relationship between the transport infrastructure developments, public performance and economic growth, considering that can bring added value in the field of the literature. The results can be usefully in supporting not only the future decisions in terms of public-private partnership or investments in transport infrastructure, but also reflect the need for consolidating a viable strategy that makes the poor public policy outcomes more responsive.



The goal of this paper is twofold, theoretical and empirical. Firstly, at the theoretical level, we intend to highlight the state of knowledge on the relationship between the transport infrastructure, the public sector performance and the economic growth. Secondly, assimilating the results of previous studies, we intend to develop an econometric model for evaluating the interference of the status of transport infrastructure and public performance indicators with the economic growth in the EU-28 over the period of time 2000–2014. Considering that all the variables regarding the status of transport show systematic and fundamental interdependencies, in order to create commonality and apply a growth equation, we will use factor analysis methodology. Moreover, we intend to create an index of transport status, which takes into consideration all the variables regarding transport infrastructure status.



The paper is divided into three main parts. Section 2 summarizes representative existing studies providing the theoretical background of the multiple impacts of the transportation infrastructure for an in-depth understanding. Section 3 describes the method, variables and data sources. Section 4 summarizes the results of the empirical study conducted on the EU-28, over the period 2000–2014. Finally, according to the results, this paper ends with conclusions and references.




2. Literature Review


The contribution of transport infrastructure to economic growth and the causal relationship between them has received great attention from the empirical studies in the economic literature. Transport infrastructure has been always for decision-makers a political instrument reflected in government programs and subsequently implemented through public policies to reduce disparities and inequalities, as well as to promote economic growth [20]. Economically, infrastructure is expensive, requiring substantial capital that takes a considerable share in public expenditure and pressure on public authorities, but as a part of public capital, especially transport infrastructure is the most powerful instrument in stimulating the economies of the world, being considered in a metaphoric way the ‘‘wheels’’ of any economic activity [21]. Moreover, transport infrastructure is classified as a productive public expenditure [22,23,24] because the economy can benefit from transport facilities by accelerating access to the services and opening up of the exporting market, by increasing the market and labors mobility, reducing the wealth gaps and improving social welfare saving time and reducing business costs [18]. Munnell [25] concluded that a greater output filled with more private investment and more employment growth is generated usually by those states that developed policies and have invested more in infrastructure. The economy of scale can only be achieved when the development of transportation makes the spatial expansion of the market possible [26,27,28]. Canning and Pedroni [29] and Crafts [30] explain that there are associated costs for governments investing in transport infrastructure. In their paper, Canning and Pedroni [29] show that infrastructure does tend to cause long-run economic growth and suggest that infrastructure investment asks for major public capital that implies the reduction of investment in other types of capital, and in this context must exist a growth-maximizing infrastructure level. In their opinion, Canning and Pedroni [29] as the economic theory stipulates, there is an optimal level of infrastructure maximizing the growth rate and above this optimal level the effect is the reducing of the overall growth. Crafts [30] highlights in his research paper that the development of transport infrastructure requires large expenditure from of central and local budgets, and these costs are inevitably reflected and managed through fiscal policy instruments, such as taxes and fees. Theoretically, based on how the economy is managed, the net gain from transport investment theoretically could be positive, zero or negative [14]. Investigating from the perspective of the growth impact of public infrastructure taking into account public expenditure for investment in infrastructure in stimulating the economic performance, Farhadi [18] find a positive relationship. Zhou et al. [31] comparing two countries (e.g. China and Germany) on the planning modes for major transportation infrastructure projects mainly by public budget identify as values prioritizing efficiency and effective in terms of ex post cost savings the strategies including extensive public participation for social harmony with the development of ecological consciousness.



Transport infrastructure is considered essential for increasing economic progress, could contribute to economic growth both directly and indirectly [2,3,4,5,6,21,32,33]. From the perspective of economies with developing transport infrastructure, [34], indirect effects may support industries that supply goods and services to enable the direct investment. The theory in Reference [2] points out three ways why infrastructure choices matter for economic growth: (i) Improve the overall productivity of production units [33,35]; (ii) promote technological spillovers across economies; and (iii) raise the profitability of transport-connected businesses, both by increasing their sales and by reducing their costs with production and/or delivery.



A number of studies have attempted to identify the optimal level of the transport infrastructure that can maximize in the respective stage of development of the society the growth rate. Majority of the scientific papers confirm that the transport infrastructure is one of the most important contributors to economic growth, finding significant positive effects on economic growth led by transport infrastructure investment [7,8,9,10,12,13,14,36,37,38]. Aschauer [36] using as transport infrastructure variable the road density (the percent of highway mileage of deficient quality) based on panel data of 48 US states over the period of time 1960–1985 and OLS, WLS, TSLS, WTSLS methods find that the quality and quantity of highway have significant positive impact on economic growth and output elasticity is 0.22–0.30. Moomaw and Williams [7] for the same period over 48 US states using as transport infrastructure variable the density of interstate highway network and OLS method find that highway capital has a positive impact on manufacturing growth and output elasticity is 0.25. Pereira [38] using as transport infrastructure variable highways and streets and based on time series data (1956–1997) of the US in VAR model, find that highway investment has a positive impact on the private output, with the output elasticity estimated by 0.0055. Cantos et al. [9] using as variable the aggregate infrastructure of 17 Spanish regions over the period of time 1965-1995 and fixed-effects regressions find different results obtained by different types of transport infrastructure and by different economic sectors, but all of them mostly positive. Berechman et al. [10] using as transport infrastructure variable the highway capital stock for 48 states, 18 counties, 389 municipalities for the period of time 1990-2000 find that the investment in transport infrastructure can generate a contagion effect to space and time. Jiwattanakulpaisarn et al. [13] using as transport infrastructure variable the density of highway for 48 US states over the period of time 1984–2005 and the GMM model found that the long-run output elasticity for all roads is 0.035–0.039, for interstate highways is 0.037, for the non-interstate major roads is 0.038, and for the local roads is 0.036. From the perspective of Banister [39], reasonable quality and density of the transport network has positive effects at the subnational level for local economic growth. Deng et al. [14] consider that the contribution of transport infrastructure provision to economic activity may depend on the level of existing infrastructure accumulation, finding a non-monotonic relationship between the stock of highway provision and the long-run growth rate. Gherghina et al. [40] find that all categories of the transport infrastructure, excepting railway transport, influence positively the economic growth.



Another important aspect of the literature is that transport infrastructure must be viewed both as a whole and by the types of transport. From the perspective of the relationship of a specific sector of transportation with the long-run economic growth, most of the studies present a positive relationship, even if the empirical methods are diverse. The positive influence of the highway and the roads on the economic growth was found using Granger-causality analysis [4], GMM model [13], or panel data regression models [12,40,41]. The positive relationship between the airway transport infrastructure (based on passengers or/and freight services) and the economic growth was found using fixed-effects regressions [40], Granger-causality analysis [42], autoregressive distributed lag [43], co-integration analysis and Granger-causality analysis [44]. There are also studies [12] based on alternative methods as pooled ordinary least squares, random-effects and fixed-effects panel data regression models that reflect the weak relationship with the economic growth of the airway transport infrastructure. Regarding the positive influence of the water transport infrastructure (inland waterways and maritime transport) and the size of maritime ports on the economic growth, there are studies using the fixed-effects regressions [40], Spatial-Durbin Model which controls for spatial fixed effects [45], augmented Solow model [46], alternative methods as pooled ordinary least squares, random-effects and fixed-effects panel data regression models [12], a structural equation model (SEM) [47]. Regarding the impact of railway transport, there are studies that found a positive one using Granger-causality analysis [4] or a spatial Lag Model with fixed effects [41]; and a negative one using fixed-effects regressions model [40].



Other studies [48,49] find little evidence on the relationship between transport infrastructure and economic growth. The scientific findings are so different from paper to paper, that some of them [2] developed theories on direct or indirect effects on the economic growth through the transportation intensity that has gained a great expansion over the last decades. Usually the direct effect can be the determined through and as a result of the productivity channels and the indirect effects appear as a result of the expansion of urbanization and the rise of CO2 emissions [16,50,51,52], which rethinks the development from a sustainable perspective.



Moreover, some theoretical and empirical studies highlight the causal relationship (unidirectional causality or bidirectional causality) between transportation activity and economic growth, where the theoretical and logical fundament is that on the one hand the improvements in transportation and greater transportation activity cause economic growth, and on the other hand the economic growth may also increase transportation activity. The results are mixed, as follows: (i) Studies that found a bidirectional Granger-causality relationship between transportation intensity and economic growth [3,40,51,53,54,55,56,57]; (ii) studies that found a unidirectional Granger-causality relationship between transportation intensity and economic growth [4,58,59,60,61,62]; (iii) studies that found a reverse unidirectional Granger-causality relationship between transportation intensity and economic growth [63,64]; (iv) studies that found no causality [65]; and (v) studies with mixed results depending on the stage of the economy of the countries where results for the developed countries show that transportation intensity bears no causal relationship to economic growth in the short-run and the explication being the fact that transportation intensity has reached a point of near saturation, but for the developing countries higher transportation intensity led to higher economic growth specifically in passenger air transportation [2]. Gherghina et al. [40] developed a study for the EU-28, over a 26-year period (1990–2016) based on estimation techniques for panel data models and found a bidirectional causal relation in the long-run between a specific sector of transportation, respectively the railways lines, regarding their length and investment in this sector and the economic growth. Also, there was find a two-way causal link which is contoured between the gross weight of seaborne goods handled in ports and economic growth.



The extension of the transport infrastructure all over the world and the development of the transportation sector as a whole are so intricate from the perspective of the effects and implications that the full dimension of sustainable development cannot be omitted by most of the recent studies from different domains. In the context of sustainable development as a desideratum of every society, an important part of the studies [2,15,16,17,19,40,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83] is more complex, being oriented to the environmental and the social dimension from the impact of transport development in relationship with the economic growth. The transport sector accounts for about a quarter of CO2 emissions globally [84]. Reducing or eliminating carbon dioxide (CO2) emissions and other specific air pollutants from transport supposes implementation of sustainable transport policies, environmental policies, health policies, including economic instruments, and technological innovations. For the context of the EU-28 countries an important instrument for sustainable development is Europe 2020 Strategy [85] that emphasizes smart, sustainable and inclusive growth, based on indicators and targets logically connected so that all three dimensions of sustainable development can be reached. One of the most important EU flagship initiative is "Resource Efficient Europe", which can be seen as an instrument to help to decouple economic growth from the use of resources, using as methods as follows: (i) By decarbonizing the economy, with strong positive impact on the society health; (ii) by increasing the use of renewable sources; (iii) by modernizing the transport sector; and (iv) by promoting energy efficiency.



One of the most recent studies, Sun et al. [81] taking into account 83 Chinese cities over the period of time 2000–2012 and based on regression models found that in the long run, urban traffic infrastructure investment can alleviate air pollution. Gherghina et al. [40] on their study regarding the EU-28 found in the short-run, a bidirectional link occurred between carbon dioxide emissions from railway transport and economic growth, unidirectional relations appeared from economic growth to CO2 from road and domestic aviation. In their paper regarding Tunisia over the long period of time of 31 years (1980–2011), Ben Jebli and Belloumi [75] found different results that support the literature regarding the inference of the transport infrastructure with the economic growth and the environment, as follows: (i) A bidirectional causality between carbon dioxide emissions and maritime sector transport in the short-run; (ii) a unidirectional causality from the economic growth (real GDP), combustible renewables, and waste consumption, rail transport to carbon dioxide emissions in the short-run; (iii) the economic growth (real GDP) generates a decrease of the carbon dioxide emissions in the long-run; and (iv) combustible renewables, waste consumption and maritime sector transport and rail sector transport have a positive impact on CO2 in the long-run. The research of Saidi and Hammami [77] was developed using the Generalized Method of Moments (GMM) and has covered a significant number of countries, more precisely 75 countries over the recent period of time 2000–2014, finding that environmental degradation is inevitable for developing countries when is registered economic growth and as a result of the development of freight sector transport. Saboori et al. [17] have conducted an analysis over a 48-year period (1960–2008) including only the OECD countries and found a bidirectional connection between carbon dioxide emissions and economic growth in the long-run, that is positive and significant. The paper of Sobrino et al [67] on Spain over the period 1990–2010 found that the economic growth is closely related to the increase in greenhouse gas emissions. Neves et al. [76] analyzed the interactions between transport sector energy consumption, by source, growth and carbon dioxide emissions for a panel for 15 OECD countries over the period of time 1995–2014, and found that the transports fossil fuels consumption enhance the economic growth. Damania et al. [80] highlight that transport infrastructure brings economic benefits that are essential for the development. Sousa et al. [19] found that economic growth and carbon dioxide emissions from transport have an increasing monotonic relationship in Portugal. An important aspect of recent research from the perspective of sustainable development is materialized in the connection of the road pavement technologies development with the environmental protection and the economic growth [86], considering that new technologies with high performance, so called “smart technologies”, generate durable road structure, reduce pollution and are based on recyclable and locally available materials. In Radziszewski et al. [86] opinion, transport infrastructure based on new technologies of the road pavement implies the government policy and the level of science.



Regarding public sector implications, even if the literature does not trigger a long overdue dialogue among transport infrastructure status, growth and public performance achieved of political leaders, the public sector performance indicators are also validated in the literature. There are some researchers [23,24,32,87,88,89] that analyze the subject in different ways but with the same quintessence related to public performance status. Esfahani and Ramirez [87] highlight the institutional implications that mediate the interaction between infrastructure and economic growth. Pereira and Andraz [88] analyze public investment in transportation infrastructure and economic performance, and concluded that investing in public infrastructures by entities is justified, both from a long-term development perspective and a long-term public budgetary perspective. Agénor and Moreno-Dodson [89] analyze links between health, education, infrastructure, and growth in an endogenous growth model with transitional dynamics and highlight few policy implications.



Increasing the efficiency and the effectiveness of the public sector not only have a major influence over maintaining sustainable growth path, but can achieve superior results regarding the status of transport infrastructure.




3. Materials and Methods


3.1. Sample and Variables


The importance of the public sector in promoting the sustainable economy is recognized by the European Union that has driven the lead in efforts to act by taking care of future generations. It should be acknowledged that even if the global economic growth it has been studied in many papers by linked to infrastructure conditions, it is also important to count that all these dimensions are guided not only by international strategies to act toward environmental policies but also by political implications. In a world guided by political strategies, it is not easy to challenge the existing paradigms, since Sustainable Development Goals suppose supplementary attention to the idea of Public Policy implications. As far as Public policies are often made without much reliance on economic reasoning, policy changes, institutional arrangements and the incentives guided by political stakes can negatively impact the status of transport infrastructure development and the way to sustainable growth. In addition, behind some inappropriate policy decisions, it sometimes addresses veiled strategies that negatively impact both the community and sustainable development. For example, to put disadvantaged people to pay the price of "ecological reform" in case of France, reflects not only the implications of a veiled strategy but also the government’s inability to maintain financial balance. It is well known that fuel taxes are, in France, only a form of reducing public deficits through additional taxation in order to enter the deficit area below 3% of GDP. So, even if in the literature numerous versions of pooled OLS model have been developed to evaluate the impact of infrastructure development on economic growth, in the present paper the model proposed involves the estimation of a more conventional production function by the fact that we have included other variables that may impact growth (labor, general government expenditure, trade, energy). On the other hand, we tested the policy implication (by using public performance indicators carefully chosen and validated in the literature) and we have computed a comprehensive index that can capture the status of transport, in this way, not only eliminating the problems of interdependence, but also avoiding the multicollinearity issue in the econometric model.



By using a production function and factor analysis this research aims to assess the relationship between economic growth in the EU-28 countries over the period 2000–2014, the status of transport infrastructure and policy implications, more specifically, public performance inference. The analysis strives to highlight that it is a unidirectional long run causality between the three main dimensions above mentioned and only a strategy capable to move all the actors implied to the improvement of the EU economies can change the future conditions of development. All the data used in investigation were collected from available sources: The OECD database [90], the European Commission (Eurostat) [91], World Data Atlas [92,93,94], the database of World Doing Business and World Bank [95], World Economic Forum [96], The World Competitiveness Yearbook [97]. The variables used in this study and details how each indicator was built and what its measures are explained in Appendix A, Table A1.



The main purpose of this paper is to empirically test the following null hypothesis: There is no relationship between economic growth, transport infrastructure and Public Sector Performance. The alternative hypothesis is that there is a positive relationship between growth, transport infrastructure and Public Sector Performance.



When it comes to quantifying transport infrastructure implications on the economic growth, the studies highlighted the specific inputs and outputs, being simpler to choose the variables involved. As can be seen in Appendix A, Table A1 follow the literature [98,99], we use GDP per capita based on purchasing power parity (PPP) as a dependent variable. Even if most studies use GDP at market prices (euro per capita), given the distribution of these variables and the implication on the viability of model, the chosen variable is better for provide an adequate measure of economic growth. To test the validity of a regression, the literature indicates the need to check if it is stationary or not by the Augmented Dicky Fuller (henceforth “ADF”). If it is stationary, it is indicated to work with the differences or logarithms of the series and if it is seasonal it is necessary to use moving averages or to log of the series [4,16,98,99]. In order to eliminate the problem of spurious regression or the existing non-linear relationship between the independent and dependent variables and to achieve a normal distribution of variables, some of the variables (except Index_Transport for example), were logarithmically transformed (see Table A2). As can be seen in Appendix A, Table A5, based on panel unit root results, economic growth and index transport series are stationary at first differences.



The first main component of transport status is Railway transport infrastructure, which has three indicators, rail lines (Rail_lines), passenger transport by type of transport (Passenger_transpbytypeoftransp) and Goods transport by rail (Goods_transpbyrail). Road transport infrastructure is composed of three sub-indicators, length of motorways and e-roads (Length_ofmotorways_e-roads), motorization rate-Cars per 1000 inhabitants (Motorisation_rate) and Goods transport by road (Goods_transpbyroad). Goods transport by inland waterways (Goods_transpbyinland_waterways) is one indicator of inland waterways transport infrastructure and sea transports of goods (Sea_transp_ofgoods) is the indicator of maritime transport infrastructure. The air transport of passengers (Air_transpofpassengers) and air transport of goods (Air_transpofgoods) are the two indicators of Air transport infrastructure. The last component of infrastructure status for specifically look into the impact of infrastructure investments on economic growth, is composed by the key determinant of performance in the transport, respectively, investments in transport infrastructure (INV_tr), which cover the sum of investments in road, rail and air transport.



Regarding public sector implications, even if the literature does not trigger a long overdue dialogue among transport infrastructure status, growth and public performance achieved of political leaders, the public sector performance indicators are also validated in the literature. There are some researchers that analyze the subject in different ways but with the same quintessence related to public performance status. Esfahani and Ramı́rez [87] highlight the institutional implications. Pereira and Andraz [88] analyze public investment in transportation infrastructure and economic performance. Other authors analyze the status of infrastructure from the point of public–private partnerships [100,101,102]. Moreover, World Bank Group highlights few policy implications and analyzes links between health, infrastructure and growth in an endogenous growth model with transitional dynamics [89].



Starting from the point that increasing the efficiency and the effectiveness of public sector not only have a major influence over maintaining sustainable growth path but can achieve superior results regarding the status of transport infrastructure, the indicators chosen for to measure the status of public performance follow Afonso, Schuknecht, and Tanzi [103,104] point of view and include opportunity indicators and standard Musgravian indicators. The components corresponding to the opportunity are: Administrative performance of the government (which include corruption, red tape, quality of judiciary and shadow economy), education (which consists of two indicators like secondary school enrolment and education achievement), health (composed by infant mortality and life expectancy). The last indicators were taken from Musgrave and reflect the goals that should be pursued by any government: Distribution (inequality of income distribution) stability and economic performance (which consists of stability of GDP growth, inflation, and unemployment rate). Having in mind the purpose of this paper and started from the point that all the variables regarding the status of transport shows a systematic and fundamental interdependencies, in order to create a commonality and to apply growth equation, we use factor analysis methodology and we create the index of transport status, which take in considerations all the variables regarding transport infrastructure status (see Appendix A, Table A1). To estimate the index of transport infrastructure status, we calculated the weighted average of the three factors, considering the percentage of variance for each of them (see Equation (1)), and then applying a normalization procedure validated in the literature [105] (see Equation (2)). As can be seen in Table A3, three main factors explain the evolution of the variables used. The results indicate that factor 1, factor 2 and factor 3 have been explained 83.12% of the total variance.




M=∑t=1nWt∗Vt∑t=1nWt



(1)





M = Aerage value



V = Actual value



W = Weighting factor



N = Number of periods in the weighting group




Zij=xij−x¯jsj



(2)





Xij = Data for variable j in sample unit i



x¯j = Sample mean for variable j



sj = Sample standard deviation for variable j




3.2. Empirical Model


In order to investigate the implication of transport infrastructure status and public performance on economic growth, we follow the growth theory analysis on this subject [12,22,23,24] and we estimate a growth model by using Barro type framework [22], which allows us to test conditional convergence. The growth equation at time t in country i is give as follows (see Equation (3)):


Git=ait+αln(qi, t−1)+βKit+γNit+ϕHit+τTit+β1Controlsit+εit; i= 1, 2…, 28; t=2000, 2001, …, 2014,



(3)




where G is the dependent variable and represents annual gross domestic product converted to international dollars using purchasing power parity rates, based on the 2011 International Comparison Program (ICP) round, q represents stability of GDP growth; K, N and H denote administrative component, health and education quality respectively; T is the index of infrastructure status in EU countries, ε is the error term, and a, α, β, γ, ϕ, τ are coefficients to be estimated. By using a comprehensive index that can capture the status of transport, not only eliminate the problems of interdependence, but it also helps to avoid the multicollinearity issue in the econometric model.



In order to turn the model into a more conventional production function and to assess the independent contributions of the transport infrastructure and other variables, we used β1Controlsit, which represent a vector of country-level control variables catching additional features that may impact economic growth. One of the control variables used in the model consists in the labor force, the indicator comprises people ages 15 and older that supply labor for the production of goods and services during a specified period. Given that labor force size tends to vary during the year as seasonal workers enter and leave, the indicator comprises people who are currently employed and people who are unemployed but seeking work as well as first-time job-seekers, unpaid workers, family workers, or students being omitted. General government expenditure, trade and the ratio between the energy consumption of transport and GDP are other variables considered in the empirical literature to impact economic growth [4,8,17,25,30,36,56].





4. Results and Discussion


Given that the transport infrastructure is one of the most important elements for a country’s progress and the variables regarding transport infrastructure present systematic and fundamental interdependencies, we first construct an index for measuring the status of transport infrastructure at a macro, EU level. The descriptive statistics of the variables are presented in Appendix A, Table A2. With reference to GDP per capita based on purchasing power parity (PPP) it is highlighted that it was a wide dispersion within the sample: The lowest level of GDP per capita PPP was $ 5,873 for Romania in 2000, and the highest one was $ 101,877 for Luxembourg in 2014. Regarding railway transport infrastructure status, it is shown that during 2000–2014, the length of railway lines recorded the highest value on the profile of Germany and concerning passenger transport by type of transport, again Germany scored the highest values (95.465 Millions of passenger-kilometers). Additionally, public performance indicators highlight significant inter-country and over time differences. Red tape, an indicator of administrative performance which highlight the regulatory environment and take into considerations days to start a business show the lowest time on the profile of some country such as Denmark (in 2011–2014 3.5 days), France (3.5 days in 2012) Netherlands (3.5 days in 2010) and on the opposite side we find Spain with 138 days in 2000. Size shadow economy, which reveals the underground economy and it is an important point in analyzing the policy implications scored the highest value on the profile of Bulgaria in 2003 (35.9) and the lowest on the profile of Austria in 2002 (7.5).



To estimate the index, we used the variables indicated in Appendix A, Table A1 for this component by applying factor analysis and we create a single index by using the retained principal components calculated through factor analysis. More specifically, we calculated the weighted average of the three factors, considering the percentage of variance for each of them, and then applying a normalization procedure. Both the results of factor analysis of the main components for estimating the status of infrastructure in the EU countries and correlation matrix indicate the strongly associated elements for considering the output of infrastructure status (see Appendix A in Table A3). Appendix A in Table A4 indicate factor loading and explained variance and show that eight variables are strongly correlated with some specific factors. The evolution of transport index is illustrated in Figure 1 an inherently indicates that in long run it is a causal relationship between transport infrastructure and economic growth. The results are in line with the theoretical and empirical literature, which provides additional arguments with respect to the infrastructure status and growth [4,29,39,106,107,108]. The novelty of the study consists in type of approach (by computing the index of infrastructure status, we have included other factors of production to turn our model into a more conventional production function and we have analyzed the policy implication), period of investigation and the manner to report the results at the EU-country level. As can be seen in Figure 1 we find the existence of unidirectional long run causality, countries that reflect high values in gross domestic product size, also record positive transport status values. Moreover, the results are validated by both economic theory and empirical research on the subject as long as economically well-known countries such as Belgium, Denmark, France, United Kingdom, Germany and Finland show positive values of the transport index and in the opposite direction, countries like Bulgaria, Hungary, Cyprus, Romania, Slovakia show negative values regarding the status of the transport infrastructure.



The results presented in Table 1 reports the estimation based on pooled OLS, random-effect and fixed-effect panel data model, respectively show that some possible causality issues augment the implication of transport infrastructure and public performance on economic growth. We estimated our model specification using two different methods. Firstly, we used least-squares regression model (OLS) as a benchmark. Secondly, following previous studies [8,12], we draw on a panel fixed effects (FE). In order to test if there are country-wise differences, we have included dummies in the fixed effects model to capture the status of Southern and Eastern Europe. Since each country in the sample has its own specificity that will be kept throughout the study period, is explained the panel data methodology. More than that, the inference of different panel data techniques is explained by the desire to extract as much information as possible from the data and it is also an important way to test the robustness of the estimation results. Hausman statistic of 30.21 indicates that the fixed-effect model (model 3) is preferred.



Considering that the database used in this study is a panel-type base, the efficiency frontier for infrastructure development and public performance for the entire analyzed period can be estimated aggregate for the EU-28 countries and in order to analyses if there are country-wise differences we included dummies in the fixed effects model to capture the differences between Southern and Eastern Europe. It has been claimed that building an index can help assess the links between infrastructure and economic development more systematically [109]. The empirical results shown in Table 1 indicate that transport infrastructure status (measured thought the index of transport) has significant impact on economic development with coefficient estimate. The lack of improvements on the profile of Eastern Europe might have been caused by the inappropriate design of policy, which obstruct the accession of Eastern European economies. Hungary, Poland, Bulgaria, Romania still represent a small share of the EU’s overall GDP and income divergence continued to consolidate uneven development [110]. In addition, it is shown that the magnitude of the problems in terms of low economic efficiency in the East European countries, are corelated also with the status of infrastructure. For instance, it is highlighted on the profile of Hungary that the annual loss of GDP is related to the poor level of telecommunication services [111,112]. In terms of efficiency, effectiveness and performance of the public sector, results indicate that public performance indicators influence the way to economic growth. Corruption, regulatory environment, size shadow economy, infant mortality, income inequality, inflation and unemployment rate negatively affect economic growth. In line with this, Palei [113] reinforces an interesting point of view, showing that given the fact that corruption is a key institutional trap that prevents the development of the national economy, can impact also the level of authority of customers contracting system, which leads then to low performance regarding transport infrastructure. In addition, even if unemployment and poor education are like a backbone fracture in an economy and Hanushek and Wößmann [114] indicate that education is a central part of most development strategies, contrary to our expectations, on the profile of Eastern Europe secondary school enrolment and unemployment rate does not impact economic growth. A possible explication in this case can be the fact that according to the Okun’s Law [115], it is an inverse linkage between the unemployment rate and economic growth. More than that, literature point on the profile of Eastern Europe the applicability of this concept. Soylu et al. [116] highlighted for example that a 1% rise in GDP would fall the unemployment rate by 0.08%. Regarding the interaction with size shadow economy, the results show that the underground economy negatively affect growth. In line with this, according to Schneider [117] and Schneider and Williams [118] it is noticed that shadow economy is an important point in the analysis of the policy implications and highlight that the higher (lower) the unemployment quota (GDP growth), the higher the incentive to work in the shadow economy. Quality of judiciary, education achievement and life expectancy positively affect growth. With respect to the first variable, regarding the quality of the judiciary, the literature suggests a strong causal link between regulatory quality and economic performance, being clear that institutional quality has implications on transport and communications infrastructure status [119,120,121]. Moreover, Easterly [122] finds evidence in favor of a positive relationship between quality of life across nations and income per capita, this judgment supporting our results regarding the negative impact of income inequality on economic growth.




5. Conclusions


The transport infrastructure is an important element towards economic growth, ensuring mobility for people, efficiency and effectiveness in the distribution of resources. On the other hand, higher economic growth impact positive revenues and subsist in greater demand on good infrastructure, which stimulates further improvement of transport conditions [17]. Even if most studies analyzed the unidirectional long-run causality relationship between growth and transport infrastructure, as far as Public policies are often made without much reliance on economic reasoning, policy changes, institutional arrangements and the incentives guided by political stakes can negatively impact the status of transport infrastructure development and the way to sustainable growth. In addition, behind some inappropriate policy decisions, it sometimes addresses veiled strategies that negatively impact both the community and sustainable development.



Using a panel dataset containing information across countries and time, we investigate not only the implication of transport infrastructure on economic growth but also, the role of policy makers in explaining cross-country differences in EU members over the period between 2000 and 2014. Contrary to previous studies, the paper’s key point is the detailed look at the components of transport infrastructure and analyzes the implications of the policy-makers. A production function is used and in order to test the policy implication (by using public performance indicators carefully chosen and validated in the literature) factor analysis is also employed. The results show significant effects from transport infrastructure components even after institutional and other factors are controlled for.



From the path analysis results, the study confirm the alternative hypothesis, outlining the unidirectional long-run causality relationship between growth, transport infrastructure and Public Sector Performance. Transport infrastructure status (measured thought index of transport) has significant impact on economic development with coefficient estimate. As expected, public performance indicators also influence the way to economic growth. Corruption, the regulatory environment, size shadow economy, infant mortality, income inequality, inflation and unemployment rate negatively affects economic growth. There is a strong positive relationship between the quality of judiciary, the education achievement, the life expectancy and the economic growth and contrary to our expectations, on the profile of Eastern Europe, secondary school enrolment and unemployment rate does not impact economic growth. A possible explanation in this case can be the fact that according to the Okun’s Law, it is an inverse linkage between the unemployment rate and economic growth. More than that, literature point on the profile of Eastern Europe that the rise in GDP can fall the unemployment rate.



Our results proved to be validated in the literature and strengthen the idea that in EU countries the improvement of transport conditions plays an important role in sustain the requirement of economic growth. Policy implication not only dictates the future throughout the sustainability path but indicate also the need for a strategy capable to move all the actors implied to the improvement of EU economies. As long as public institutions and the policy-makers decisions not only have a major influence over maintaining sustainable growth path but can achieve superior results regarding the status of transport infrastructure, it is required that public institution be associated towards efficiency and effectiveness. Overall, the policy-makers need to promote adequate support for that aim by consolidating the opportunity and Musgravian indicators.



A limitation of the current study ensues from the fact that public-private partnerships, along with urbanized kilometers of road and investments segregate in these two components was not considered in addition with the status of public performance indicators. For future research, this study can be extended by considering public-private partnerships, along with transport infrastructure multipliers (with cross-country differences in the values of multipliers and overtime) and the status of public performance.
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Table A1. Description of the variables.






Table A1. Description of the variables.





	
Main Component

	
Indicator

	
Source

	
Observations






	
GDP per capita based on purchasing power parity (PPP)

	
GDP converted to international dollars using purchasing power parity rates. Data are based on the 2011 ICP round.

(GDP_percapita)

	
World Bank [95]

	
Gross domestic product (GDP) per capita based on purchasing power parity (PPP) is the best proxy for economic growth, even if most of the studies use GDP at market prices (euro per capita), given the stationarity of these variables and the implication on viability of model, some papers use the first one as a proxy for sustainable economic growth [123,124]




	
PI- Railway transport infrastructure status

	
Rail lines (total route-km)

(Rail_lines)

	
European Commission (ttr00003)

	
The length of railway lines, whether electrified or not, on the territory of the reporting country. Data available for 2004–2014




	
Passenger transport by type of transport-Millions of passenger-kilometres

(Passenger_transpbytypeoftransp)

	
European Commission (ttr00015)

	
Rail transport of passengers which relate Rail passengers transport in the Member States on its national territory




	
Goods transport by rail-million tone km

(Goods_transpbyrail)

	
European Commission (ttr00006)

	
Rail goods transport in the Member States on its national territory. Data available for 2004–2014




	
Road transport infrastructure status

	
Length of motorways and e-roads km

(Length_ofmotorways_e-roads)

	
European Commission (ttr00002)

	
Data available for 2000–2014




	
Motorization rate-Cars per 1 000 inhabitants

(Motorisation_rate)

	
European Commission (tsdpc340)

	
Data available for 2000–2014




	
Goods transport by road (Goods_transpbyroad)

	
European Commission (ttr00005)

	
Data available for 2000–2014




	
Inland waterways transport infrastructure status

	
Goods transport by inland waterways- Million tonne-kilometre (TKM) (Goods_transpbyinland_waterways)

	
European Commission (ttr00007)

	
Data available for 2000–2014




	
Maritime transport infrastructure status

	
Sea transports of goods

(Sea_transp_ofgoods)

	
European Commission (ttr00009)

	
Gross weight of goods handled in all ports. Data available for 2000–2014




	
Air transport infrastructure status

	
Air transport of passengers (Air_transpofpassengers)

	
European Commission (ttr00012)

	
The total number of passengers carried in Europe (arrivals plus departures), broken down by country and by year. Data available for 2000–2014




	
Air transport of goods (Tonnes) (Air_transpofgoods)

	
European Commission (ttr00011)

	
Freight and mail on board. Data available for 2000–2014




	
Investments in transport infrastructure

	
Road, Rail and Air transport.

(INV_tr)

	
OECD databases [90]

	
A key determinant of performance in the transport, which cover the sum of investments in Road, Rail and Air transport. Data available for 2000–2014




	
Administrative

	
Corruption

(CORRP)

	
World Bank databases [95]

	
Control of corruption is an important element of good governance and a subcomponent of one of opportunity indicators regarding public performance. Data available for 2000–2014.




	
Red tape

(RedTape)

	
World Bank and World Economic Forum [95], The World Competitiveness Yearbook 2001, "Bureaucracy" (for 2001) [97]

	
Highlight the regulatory environment and take into considerations days to start a business. Data available for 2000–2014




	
Quality of judiciary

(QJud)

	
World Bank and World Economic Forum [95], The World Competitiveness Yearbook 2001, "Justice" (for 2001) [97]

	
Comprise the ability of the government to formulate and implement sound policies and regulations that permit and promote private sector development. Data available for 2000–2014




	
Size Shadow economy (SizeShE)

	
[92,93,94,125].

	
The indicator includes the GDP percentage of underground economy and is an important point in analyzing the policy implications. Data available in Schneider [92,125]




	
Education

	
Secondary school enrolment

(SecScgEnr)

	
World Bank [95] and UNESCO statistics [126]

	
Secondary school enrolment is an indicator that takes into account basic education that began at the primary level and aims at laying the foundations for lifelong. Data available for 2000–2014




	
Education achievement

(EdAchiev)

	
OECD databases [90]

	
Results obtained by the EU member states in three domains. The average of reading, mathematics and science scores. Data available for 2000–2014




	
Health

	
In