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Abstract. In view of the European Union as one of the main polluters in the word and 

the fact that GDP per capita in the European Union is equivalent to the 282 percent of 

the world`s average, it is interesting to study the relationship between transport GHG 

emissions and the economic activity within the European Union. In the paper, the 

authors check the environment Kuznets curve hypothesis for members of the EU over 

the period 2000-2014. The analysis results show that an inverse-U relationship exists 

between transport GHG emissions and GDP per capita. At the same time, the results 

indicate that the change of economic structure has influenced the transport GHG 

emissions in the developed countries, that is, in the countries that record a higher level 

of GDP per capita. 
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1. INTRODUCTION 

The development of the world economy as well as the economic development of the 

transition countries is accomplished in a very turbulent environment [1]. Transport 

represents an important economic activity in the developed countries as well as in the 

transition ones. The development of an effective and efficient transport system contributes 

to the products becoming more competitive in the domestic and global market. Firstly, the 

industrial development and, later, the international trade intensification have contributed to 

the accelerated development of transport. However, this has, in turn, resulted in transport 
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now becoming an economic activity with the fastest growing impact on environmental 

degradation [2]. On the one hand, transport plays important roles in socio-economic 

activities and improvement of people’s well-being, while, on the other, transport represents 

one of the major emitters of hazardous substances that affect the quality of air and the 

formation of tropospheric ozone. Greenhouse Gas (GHG) emissions account for 70% of the 

total GHG emissions from humans with the major emission sources from fossil fuels of 

energy supply and transport [3].  

The rapid development of transport together with the related environmental problems 

pertaining to air pollution and GHG emissions have been a caution to the world [4]. 

Following the power generation sector, the global transport sector is the second largest 

sector generating GHG emission causing 23% of total GHG emissions worldwide [5]. 

“Around 75% of the global greenhouse gas emissions is caused by CO2” [6]. Transport is 

responsible for nearly one quarter of global energy related carbon dioxide emissions 

while 75% of these emissions are due to road transport energy use [7]. 

Since 1991, when economists first reported on a systematic relationship between 

income changes and environmental quality, the relationship known as the Environmental 

Kuznets Curve (EKC) has become standard fare in technical conversations about 

environmental policy [8]. The EKC statistical relationship suggests that as development and 

industrialization progress, environmental quality decreases due to an increasing emission of 

pollutants. Much later, in the post-industrial stage, cleaner technologies and a shift to 

information and service-based activities combine with a growing ability and willingness to 

enhance environmental quality [9]. The literature related to the examination of the EKC 

validity includes various dependent and independent variables. What is observed as 

dependent variables are indicators of environmental degradation, i.e. the indicators of 

environmental quality (such as CO2, SO2, sulfur, arsenic, lead emissions; deforestation; 

water pollution; and dark matter), while the following indicators are observed as independent 

variables together with per capita income: income inequality, trade openness, institutional 

quality, strictness of environmental regulations, and corruption [10].  

Bearing in mind that the industrial development in its early stages contributed to an 

increased environmental degradation as well as that the literature has not paid much 

attention so far to the analysis of the quantification of the industrial development effect, 

along with the service sector development influence on transport GHG emissions, the paper 

draws particular attention to the influence of the industrial share in the gross domestic product 

(GDP) and the effects of the service sector in GDP on GHG emissions. The environment in 

the transition countries is cleaned up quickly because of rising energy prices and penalizing of 

energy-intensive activities [11, 12]. Therefore, special emphasis will be placed on the 

interdependence between GDP per capita and transport GHG emissions in the developed 

and transition countries that are members of the EU. 

Starting from the abovementioned, the purpose of this paper is to quantify the influence 

of the economic development on transport GHG emissions in the example of certain EU 

members. The economic growth includes only quantitative changes while the economic 

development represents a broader category including both quantitative and qualitative 

changes [13]. The aims of the paper are: 1) analysis of the interdependence between 

transport GHG emissions and GDP per capita; 2) analysis of the effects of changes in the 

economic structure, i.e. changes in the service sector participation in GDP ontransport GHG 

emissions. The following hypotheses will be tested in the paper: 
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H1 – an inverted-U-shaped relationship exists between GDP per capita and transport GHG 

emissions; and, 

H2 – changes in the economic structure have a significant influence on transport GHG 

emissions. 

2. REVIEW OF RELATED LITERATURE  

Three main approaches have dominated the literature on the drivers of pollution 

emissions and other environmental impacts [14, 15] - the IPAT identity, convergence 

approaches and the environmental Kuznets curve. IPAT (abbreviated from Impact, 

Population, Affluence and Technology) expresses the idea that environmental impact results 

from the following factors: population, affluence and technology. This identity was proposed 

by Ehrlich and Holdren as a way of quantifying human impact on  environment [16]. The 

convergence approaches hypothesize that emissions grow more slowly in emissions 

intensive countries than in less emissions intensive ones [17]. 

According to Kuznets, per capita income increases and so does income inequality at first, 

but income inequality starts declining as economic growth continues [18]. This 

interdependence between per capita income and income inequality is known as the Kuznets 

Curve. Therefore, the question of whether economic growth causes environmental 

degradation has become a central issue of discussion since publication of the Bruntland report 

in 1987 [19]. 

In the 1990s, the Kuznets curve took on a new form of existence. Instead of an 

inverted-U-shaped relationship between economic growth and economic inequality that 

represented the original Kuznets curve, what was examined was an inverted-U-shaped 

relationship between economic growth and environmental degradation that is known as 

the EKC. The first results of the empirical EKC studies appeared independently in the 

following working papers: an NBER working paper as part of a study of the environmental 

impacts of NAFTA [20], the World Bank’s 1992 World Development Report [21] and a 

Development Discussion paper as part of a study for the International Labour Organization 

[22]. Grossman and Krueger first pointed out an inverted-U-shaped relationship between 

SO2 and smoke [20], on the one hand, and per capita income, on the other, while Panayoton 

first named this relationship as the EKC [22]. 
The EKC hypothesis is tested empirically in the cases of many countries and regions. 

However, the results of the various research studies are different and depend on the observed 
countries, regions and selected environmental quality indicators. Numerous studies have 
examined the relationship between environmental degradation and per capita income. Their 
findings confirmed the presence of an inverse-U-shaped relationship between environmental 
quality and per capita income [23-31]. Those studies have shown that environmental 
degradation increases at low levels of per capita income while it later decreases at high 
levels of per capita income. 

Recently, special attention has been paid to the effect of transport on environmental and 
air quality in the literature. Alshehry and Belloumi check for the environmental Kuznets 
curve hypothesis for Saudi Arabia over the period 1971-2011 [19]. They find that the 
inverse-U relationship does not exist between transport CO2 emissions and economic 
growth in Saudi Arabia. The paper will attempt to test the EKC in the example of certain 
EU members, i.e. examine whether an inverse-U relationship between GHG emissions and 
GDP per capita exists in the EU. 
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3. RESEARCH METHODOLOGY 

For the purpose of achieving the defined research objective several methods are 

applied. Namely, this research relies on the following methods: 

 Cluster analysis,  

 Correlation analysis, and,  

 Regression analysis. 

The cluster analysis comprises a range of methods for classifying multivariate data into 

a number of clusters based on the observed values of several variables for each individual. 

By organizing multivariate data into such clusters or segments, clustering can help reveal 

the characteristics of any structure. This analysis has proven useful in a wide range of areas 

such as psychology, market research and bioinformatics. It was used to examine the 

heterogeneity of the observed countries in terms of transport GHG emissions and GDP per 

capita in the period 2000-2014.  

The correlation analysis is a method of statistical evaluation used to study the strength 

of a relationship between continuous variables. The paper employs the Pearson correlation 

coefficients which can only be given the values from -1 to +1. The sign shows whether the 

correlation in question is positive or negative. The absolute value of that coefficient shows 

the strength of connection. A perfect correlation, which is either -1 or +1, shows that the 

value of one variable can be determined with certainty if one knows the value of the other 

variable. On the other hand, the correlation that is equal to zero shows that there is no 

connection between the observed variables. By means of the correlation analysis the 

interdependence between GDP per capita and transport GHG emissions is explored. 

The regression analysis represents a technique that can be used to examine the 

connection between a continuous dependent variable and many independent variables. It is 

based on correlation; yet it enables a more sophisticated study of interrelations within a set 

of variables. It provides an assessment of the model as a whole and the relative contribution 

of all the variables comprising it. The regression analysis was used to determine the effect 

that the levels of GDP per capita, the industry share in GDP and that of service in GDP 

exert on transport GHG emissions. 

Information base of research presents the Statistical Pocketbook [32], as well as the 

data of the World Bank [33]. 

4. RESEARCH RESULTS AND DISCUSSION 

The empirical part of the paper is organized into the following segments:  

 Testing heterogeneity of the EU countries in terms of GDP per capita and transport 

GHG emissions;  

 Analysis of GDP per capita and transport GHG emissions interdependence; and,  

 Analysis of influence of GDP per capita, the share of service as well as that of 

industry in GDP on transport GHG emissions. 
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4.1. Examining the heterogeneity of the EU countries in terms of GDP per capita 

and transport GHG emissions 

Using the cluster analysis the EU member states were grouped according to GDP per 

capita and transport GHG emissions during the 21
st
 century. The results of descriptive 

statistics for each cluster are given in Table 1 (prepared by the authors - STATISTICA 8.0). 

Table 1 Members of Cluster Number and Distances from Respective Cluster Center 

Cluster 1 Cluster 2 Cluster 3 

Members Distance Members Distance Members Distance 

Cyprus 1902.826 Austria 4150.63 Bulgaria 4013.021 

Greece 1511.792 Belgium 5588.99 Croatia 757.332 

Italy 6152.557 Denmark 3132.07 Czech Republic 3665.652 

Malta 4128.699 Finland 3777.62 Estonia 1847.923 

Portugal 3094.260 France 7549.23 Hungary 912.204 

Slovenia 2646.965 Germany 6615.41 Latvia 659.485 

Spain 2338.866 Ireland 2884.98 Lithuania 623.774 

 Luxemburg 31304.73 Poland 663.010 

Netherland 2004.20 Romania 3083.448 

Sweden 1769.98 Slovak Republic 2124.844 

United Kingdom 6421.15  

In the first cluster are the members of the European Union which recorded lower 

average values of GDP per capita and transport GHG emissions compared to the second 

cluster, namely: Cyprus, Greece, Italy, Malta, Portugal, Slovenia and Spain. Up to 2008 the 

observed countries recorded an increase in GDP per capita, i.e. an increase in transport 

GHG emissions up to 2007, followed by a decrease in both GDP per capita and transport 

GHG emissions in the ensuing period. It can be concluded that when the observed countries 

reached the level of GDP per capita (2008) that could contribute to a decrease in transport 

GHG emissions, they began to record a decrease in GDP per capita due to the financial 

crisis. At the same time, it can be shown that the observed countries, contrary to the 

countries that belong to the second and third cluster, experienced a decrease in GDP per 

capita from 2008 to 2014. That is, the countries of the second and third cluster suffered a 

decrease in GDP per capita in 2009 and 2010 as a consequence of the financial crisis, but 

recorded an increase in GDP per capita after that. 

In the second cluster there are the countries that recorded the highest average values of 

GDP per capita and the highest average values of transport GHG emissions, which are: 

Austria, Belgium, Denmark, Finland, France, Germany, Ireland, Luxemburg, Netherlands, 

Sweden and United Kingdom. It can be concluded that this cluster comprises the highly 

developed EU countries as well as the biggest polluters of air and environment. However, it 

has to be pointed out that the observed countries have reached the level of GDP per capita 

where any next increase in GDP per capita would contribute to a decrease in transport GHG 

emissions. 

In the third cluster are the countries that recorded the lowest average values of GDP per 

capita and transport GHG emissions, which are: Bulgaria, Croatia, Czech Republic, Estonia, 

Hungary, Latvia, Lithuania, Poland, Romania and Slovak Republic. This cluster includes all 

the transition countries that are members of the EU, except Slovenia that belongs to the first 

cluster. 
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Fig. 1 Changes in average values of GDP per capita and transport GHG emissions in the 

1st, 2nd and 3rd cluster, respectively, in the period from 2000 to 2014  

Based on the foregoing it can be concluded that the developed countries recorded a 

high level of GDP per capita and a high level of transport GHG emissions while the 

transition countries recorded a low level of GDP per capita and a low level of transport 
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GHG emissions. At the same time, it can be shown that any increase in GDP per capita in 

the transition countries (Slovenia excluded) leads to an increase in transport GHG 

emissions, i.e. the transition countries have not yet reached the level of GDP per capita 

whose increase would contribute to a decrease in transport GHG emissions (Fig. 1). 

4.2. Analysis of GDP per capita and transport GHG emissions interdependence 

Tables 2, 3 and 4 (prepared by the authors - SPSS Statistics 19.0) contain the results 

of the correlation analyses. For the first cluster, the results indicate that there is a negative 

correlation between GDP per capita and transport GHG emissions. Correlation is not 

statistically significant because the value of Sig. is not less than 0.05. 

Table 2 Correlation analysis between GDP per capita and GHG for cluster 1  

    GDP per capita   Transport GHG  

GDP per capita 

Pearson Correlation 1 -0.064 

Sig. (2-tailed)  0.820 

N 15 15 

Transport GHG  

Pearson Correlation -0.064 1 

Sig. (2-tailed) 0.820  

N 15 15 

The results for the second cluster indicate that there is a negative correlation between 

GDP per capita and transport GHG emissions, i.e. an increase of GDP per capita is 

followed by a decrease in transport GHG emissions of the developed EU member states. 

Correlation is statistically significant because the value of Sig. is less than 0.05. 

Table 3 Correlation analysis between GDP per capita and GHG for cluster 2 

    GDP per capita  Transport GHG  

GDP per capita  

Pearson Correlation 1 -0.753** 

Sig. (2-tailed)  0.001 

N 15 15 

Transport GHG  

Pearson Correlation -0.753** 1 

Sig. (2-tailed) 0.001  

N 15 15 
**

. Correlation is significant at the 0.01 level (2-tailed) 

The results for the third cluster indicate that there is a positive correlation between GDP 

per capita and transport GHG emissions, i.e. an increase of GDP per capita is followed by 

an increase in transport GHG emissions of the transition countries. Correlation is 

statistically significant because the value of Sig. is less than 0.05. 

Based on the above, it can be concluded that an inverted-U-shaped relationship exists 

between transport GHG emissions and GDP per capita in the developed and transition 

countries. However, it is necessary to point to the countries that belong to the first cluster 

and that still record a decrease in GDP per capita in the longer run after the global financial 

crisis. It can be concluded that the inverted-U-shaped relationship exists between GDP per 

capita and transport GHG emissions for the highly developed and transition countries in the 

European Union, i.e. that hypothesis H1 has been confirmed. 
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Table 4 Correlation analysis between GDP per capita and GHG for cluster 3 

  GDP per capita Transport GHG 

GDP per capita 

Pearson Correlation 1 0.959** 

Sig. (2-tailed)  0.000 

N 15 15 

Transport GHG 

Pearson Correlation 0.959** 1 

Sig. (2-tailed) 0.000  

N 15 15 
**

 Correlation is significant at the 0.01 level (2-tailed) 

The non-standardized coefficients from column B are used to formulate the regression 

equation while the Beta coefficients are employed in the comparison of the contributions 

of all the dependent variables. One of the aims of this paper is to compare the contributions 

of dependent variables, i.e. the impact of GDP per capita as well as the shares of industry 

and of service in GDP on transport emissions; thus special attention is paid to the analysis 

of the Beta coefficients. 

Table 5 The impact of GDP per capita, the shares of industry and of service in transport 

GHG emissions in cluster 1 

Model R R Square Adjusted R Square Std. Error of the Estimate 

1 0.952a 0.906 0.881 1.22370 

2 0.947b 0.897 0.880 1.22801 

a. Predictors: (Constant), service, GDP per capita, industry 

b. Predictors: (Constant), service, GDP per capita 

c. Dependent Variable: transport GHG emissions 

Based on the results of the regression analysis given in Table 5 (prepared by the 

authors - SPSS Statistics 19.0) it can be seen that the coefficient of determination is 0.906 

if we consider the impact of GDP per capita as well as the shares of industry and of 

service in GDP on transport GHG emissions; but if we consider only the impact of  GDP 

per capita and share of service in GDP on transport GHG emission the coefficient of 

determination is 0.897. When expressed as a percentage, we can conclude that the 

combined impact of all the independent variables on transport GHG emissions is 90.6% 

or 89.7% if we consider only the impact of GDP per capita and the share of service in 

GDP. It is necessary to point out that the value of Sig. is less than 0.05 (0.001), and then 

the contribution observed is statistically significant. 

To avoid multicollinearity between the independent variables applied within the 

regression analysis is the method backward. The results of the analysis of the impact of 

the observed variables for cluster 1 are given in Table 6 (prepared by the authors - SPSS 

Statistics 19.0). The results of the regression analysis indicate that GDP per capita and the 

share of service in GDP have a statistically significant impact on transport GHG emissions. 
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Table 6 The value of regression coefficients - influence of GDP per capita, the shares of 

industry and of service in GDP on transport GHG emissions 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients Sig. 

B Std. Error Beta 

1 

(Constant) 197.219 64.936  0.011 

GDP per capita 0.000 0.000 0.727 0.000 

Industry -0.716 0.687 -0.755 0.320 

Service -1.858 0.665 -2.047 0.017 

2 

(Constant) 130.001 7.165  0.000 

GDP per capita 0.0004 0.000 0.724 0.000 

Service -1.176 0.117 -1.296 0.000 

Based on the results of the regression analysis for cluster 2 given in Table 7 (prepared 

by the authors - SPSS Statistics 19.0) it can be seen that the coefficient of determination 

is 0.915 if we consider the impact of GDP per capita, the shares of industry and of service 

in GDP on transport GHG emissions. However, if we consider the impact of the shares of 

industry and of service in GDP on transport GHG emissions then the coefficient of 

determination is 0.914; but if we consider only the impact of the share of service in GDP 

on transport GHG emission the coefficient of determination is 0.895. When expressed as 

a percentage, we can conclude that the combined impact of all the independent variables 

on transport GHG emissions is 91.5% or 91.4% if we consider the impact of the share of 

industry and of service in GDP or 89.5% if we consider only the impact of the share of 

industry. It is necessary to point out that the value of Sig. is less than 0.05 (0.001), and 

then the contribution observed is statistically significant. 

Table 7 The impact of GDP per capita, of the shares of industry and of service on 

transport GHG emissions in cluster 2  

Model R R Square Adjusted R Square Std. Error of the Estimate 

1 0.956a 0.915 0.892 0.45234 

2 0.956b 0.914 0.900 0.43458 

3 0.946c 0.895 0.887 0.46237 

a. Predictors: (Constant), service, GDP per capita, industry  

b. Predictors: (Constant), service, industry 

c. Predictors: (Constant), industry 

d. Dependent Variable: transport GHG 

The results of the analysis of the impact of the observed variables for cluster 2 are given 

in Table 8 (prepared by the authors - SPSS Statistics 19.0). The results of regression 

analysis indicate that the share of industry in GDP has a statistically significant impact on 

transport GHG emissions. 
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Table 8 The value of regression coefficients - influence of GDP per capita, the shares of 

industry and of service in GDP on transport GHG emissions in cluster 2 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 
Sig. 

B Std. Error Beta  

1 

(Constant) -87.660 85.547  0.328 

GDP per capita -7.645E-6 0.000 -0.063 0.788 

industry 1.865 0.878 2.653 0.057 

service 1.125 0.881 1.767 0.228 

2 

(Constant) -70.982 58.116  0.245 

industry 1.705 0.634 2.426 0.020 

service 0.946 0.574 1.487 0.125 

3 
(Constant) 24.748 1.757  0.000 

industry 0.665 0.063 0.946 0.000 

The coefficient of determination shows how much of the variance of the dependent 

variable was explained by the model. The coefficient of determination is 0.976 (Table 9) 

(prepared by the authors - SPSS Statistics 19.0). When expressed as a percentage, it can be 

concluded that the joint impact of the GDP per capita and of the shares of industry and of 

service in GDP on transport GHG emissions is 97.6 % in cluster 3. It is necessary to point out 

that the value of Sig. is less than 0.05 (0.001), and then the contribution observed is 

statistically significant. 

Table 9 The impact of the GDP per capita, the shares of industry and of service on the 

transport GHG emissions in cluster 3 

Model R R Square Adjusted R Square Std. Error of the Estimate 

1 0.988a 0.976 0.970 0.24140 

a. Predictors: (Constant), service, industry, GDP per capita 

b. Dependent Variable: transport GHG emissions 

Table 10 The value of regression coefficients - influence of GDP per capita, the shares of 

industry and of service in GDP on transport GHG emissions in cluster 3 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 
 

B Std. Error Beta Sig. 

1 

(Constant) -92.016 18.680  0.000 

GDP per capita 0.0001 0.000 0.377 0.013 

industry 1.247 0.229 0.522 0.000 

Service 0.967 0.196 0.771 0.000 

a. Dependent Variable: transport GHG emissions 

The results of the analysis of the impact of the observed variables for cluster 3 are given 

in Table 10 (prepared by the authors - SPSS Statistics 19.0). The results of the regression 

analysis indicate that the GDP per capita as well as the shares of industry in GDP and of 

service in GDP have a statistically significant impact on transport GHG emissions. 
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The results of the regression analysis indicate that changes in the economic structure, 

i.e. changes in the industrial participation in GDP, as well as changes in the service sector 

participation in GDP, exert a significant influence on transport GHG emissions. The 

above research results confirm hypothesis H2. 

5. CONCLUDING REMARKS 

The results of the cluster and correlation analysis have shown that the inverted-U-

shaped relationship exists between GDP per capita and transport GHG emissions in the 

highly developed countries as well as transition in the EU. While the highly developed 

countries record a decrease in transport GHG emissions with an increase in GDP per 

capita, the transition countries record an increase in transport GHG emissions with an 

increase in GDP per capita. 

The results of the regression analysis indicate the following: 

1) An increase in the service sector participation in GDP leads to a decrease in 

transport GHG emissions in the countries belonging to cluster 1; 

2) An increase in the industrial participation in GDP leads to an increase in 

transport GHG emissions in the highly developed countries, i.e. the countries 

belonging to cluster 2; 

3) An increase in the industrial participation in GDP, as well as an increase in the 

service sector participation in GDP, contributes to an increase in transport GHG 

emissions in transition countries, i.e. the countries belonging to cluster 3. 

The results show that an increase in the industrial participation in GDP in the highly 

developed countries, but also in the transition countries, leads to an increase in transport 

GHG emissions, while an increase in the service sector participation in GDP in the 

countries belonging to cluster 1, i.e. the countries with a recorded higher level of GDP 

per capita in comparison with the transition countries, contributes to a decrease in 

transport GHG emissions. However, an increase in the service sector participation in 

GDP in the transition countries leads to an increase in transport GHG emissions. 
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