
Introduction

The rapid growth of the world economy, along with 
the even faster rise of international trade, has contributed 
strongly to the development of the freight and passenger 
transportation sector. Transportation is a key activity 
of any economy and an essential component of human 
welfare all over the globe. However, various issues are 
connected with transportation, such as air pollution, 

traffic accidents, injuries, etc. In this study, special 
focus will be placed on air pollution. Transport remains 
dependent on a single fossil resource - petroleum - 
that provides 95% of the total energy consumed by 
transportation worldwide [1]. Heat/electricity generation 
and transportation activity are responsible for more 
than 66% of the total carbon dioxide emissions [2]. 

The inverted U-shaped environmental degradation-
affluence nexus is parallel to the inequality-income 
nexus proposed by Kuznets in 1955 [3] and later 
generalized as an environmental Kuznets curve (EKC) 
[4]. The EKC framework is a helpful instrument for 
addressing the environmental challenges caused by 
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carbon emissions. It suggests a positive association 
between pollutant emissions and affluence during 
the initial phases of the growth process, but later an 
increase in affluence reduces pollutant emissions. Over 
time, the research community has widely debated the 
EKC phenomenon in a single country [5-13] or multiple 
countries [14-27].

The review of these studies shows that the EKC 
framework has been intensively used to describe the 
relationship between economic growth and pollutant 
emissions. Moreover, some of these studies further 
include energy consumption and other macroeconomic 
variables. In addition, these findings fail to provide 
consistent evidence of the validity of the transport-
induced EKC hypothesis due to the explanatory 
variables used, empirical methodology or dataset. 
Despite the fact that the EKC hypothesis has been 
widely investigated in the recent literature, no studies 
have investigated the transport-induced EKC hypothesis 
for the sample of SEE countries alone. Hereinafter, the 
study on the transport-induced EKC phenomenon in 
SEE countries can unveil the role of railway transport 
in pollutant emissions and fill the present gaps in the 
literature. 

Prior studies in the environmental depletion-
growth nexus popularly use per capita CO2 emissions 
as an adequate proxy for environmental depletion [6, 
9, 14, 28-31]. The basic model of the EKC hypothesis 
suggests that economic growth has a great predictive 
ability for pollutant emissions. Basically, as the 
economic output increases, the intensified industry 
releases more greenhouse gases. This is perhaps due to 
the implementation of dirty technologies that increase 
environmental depletion. Hereinafter, many studies 
introduced real GDP per capita as a proxy for affluence 
[9, 11, 18]. Following the attempts in recent studies, 
we augmented the EKC hypothesis by focusing on 
the role of fossil fuel energy consumption. Following 
existing studies [15, 32, 33], it can be concluded that the 
intensification of economic activities and industry boosts 
environmental depletion, since these sectors use fossil 
fuel energy consumption to foster growth. In particular, 
fossil fuel is an energy source that was traditionally 
used to meet the increasing energy demand, thereby 
causing greenhouse gasses emissions. The economic 
boom period may lead to the increased consumption 
of traditional energy from railway transportation, 
thereby hampering the environmental quality. Hence, 
[15] justify the use of (passenger) railway transport as 
a proxy for transport activities. Again, the economic 
boom increases the degree of urbanization, leading 
to fossil fuel energy consumption and consequently 
increasing the environmental depletion [7, 17].

Based on the above-discussed background, the main 
purpose of the present study is to answer the below-
mentioned research questions (RQs):
 – RQ1: Is there an occurrence of the inverted U-shaped 

pattern between affluence and carbon emissions in 
SEE countries?

 – RQ2: Does railway transport affect the environmental 
quality in the context of SEE countries?
This study has two objectives. The first is to 

examine the long-term connection between the selected 
variables to explore whether or not environmental 
depletion tends to increase parallel to affluence and 
other macroeconomic indicators of pollutant emissions. 
The second objective is to check the causal linkage 
among the selected variables. Causality explains 
the priority and information content of affluence, 
urbanization, energy consumption and railway transport 
with regard to environmental depletion. Our study’s 
hypothesis explores whether the transport-induced EKC 
framework holds in the case of SEE countries. In this 
context, the confirmation of the transport-induced EKC 
framework supports an inverted U-shaped relationship. 
However, the rejection of the transport-induced EKC 
framework would suggest a positive relationship 
between environmental depletion and affluence in the 
later stages of economic growth.

Henceforth, the novel contribution of this study 
to the existing body of knowledge may be elaborated 
as follows. Firstly, it examines for the first time the 
presence of the transport-induced EKC hypothesis for 
SEE countries alone. Secondly, this study is the first 
of its kind, to the best of our knowledge, to employ 
fossil fuel energy consumption as a proxy for energy 
consumption in the selected sample of countries. 
Moreover, we applied a panel VECM framework 
to examine the short- and long-term effects of the 
cointegrating vector. Finally, yet importantly, we 
introduce simultaneously both variables - fossil fuel 
energy consumption and railway transport - into the 
EKC theory. 

The remainder of this study is organized as follows: 
Sections 2 and 3 define the study area, theoretical 
model, methodology and data, respectively. Section 
4 interprets the main empirical outcomes. Section 5 
provides the concluding remarks and underlines the 
policy implications of this research.

Study Area 

This study assesses whether affluence, fossil fuel 
energy consumption, urbanization and railway transport 
caused environmental depletion under the EKC 
framework for SEE countries during the period 1995-
2014. We study ten Southeastern Europe countries. The 
annual panel data used in this study cover the period 
1995-2014. In a study from 1983, Jelavich included 13 
countries in his classification of Southeastern Europe 
[34]. Data sourced from Southeastern Europe were 
inaccessible; hereinafter, our study considers the 
sample of the following countries: Albania, Bulgaria, 
Bosnia and Herzegovina, Greece, Croatia, Moldova, 
North Macedonia, Romania, Slovenia, and Turkey. The 
justification for the selection of Southeastern Europe 
(SEE) countries as the research’s sample countries is 
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twofold. Firstly, the cities and towns of the Western 
Balkans have some of the worst air quality in Europe. 
There are several reasons for the poor air quality in the 
selected countries; e.g., the strong reliance on coal for 
the production of electricity; the weak energy efficiency 
of buildings; heating; and industry [35]. An additional 
major source of air pollution is transport, especially in 
urban areas. The concentration of cars has increased 
in cities, together with the rapid urbanization. Vehicles 
made before 1990 can still be seen on the streets and 
their performance in terms of pollution is very poor. In 
addition, public transport suffers from under-investment 
and the quality of the fuel remains a concern. Secondly, 
although the transport-induced EKC framework has 
been widely examined in prior studies, no study has 
investigated this nexus in relation to SEE countries. 
Overall, SEE countries appear to be a highly appropriate 
sample of countries to verify the EKC phenomenon by 
addressing air pollution above the annual limit set by 
European Union legislation [35].

Material and Methods

In this study, we adopt the model to explore whether 
railway transport, economic growth, fossil fuel energy 
consumption and urbanization cause environmental 
depletion under the EKC theory using the case of ten 
SEE countries. The empirical linkage amid the variables 
of interest is specified as Equation (1):

    (1)

Here, EDI represents the proxy for environmental 
depletion, while the real GDP per capita and the square 
of the real GDP per capita are denoted by RGC  and 
RGC2 respectively, FFEC is the proxy for energy 
consumption, RPC is the indicator of railway transport 
activity, and UPT is the proxy for urbanization. To 
check the validity of the EKC hypothesis, we convert 
Eq. 1 into natural logarithms [8, 14, 15, 18] and the 
reconstructed model is formalized as (Eq. 2): 

 (2)

Here, the ten selected SEE countries are represented 
by i, which ranges between 1 and N, with t denoting 
the time period and which ranges between 1 and T. 
The intercept of the model is represented by α0. The 
coefficients α1 – α5 denote, respectively, the impact 
of affluence and its quadratic form, fossil fuel energy 
consumption, railway transport and urbanization on 
pollutant emissions. The regression error disturbance is 
presented by εit and L stands for the natural logarithm. 

Based on Eq. (2), the EKC hypothesis (an inverted 
U-shaped relationship) is confirmed when the 
coefficient of L(RGC) displays a positive sign (α1>0) 
and the coefficient of L(RGC)2 has a negative sign 

(α2<0). If both of these coefficients equal zero (α1 = α2 = 
0), there is no evidence of the environmental depletion-
growth nexus; if α1>0; α2 = 0, there is a positive and 
linear relationship; if α1<0; α2 = 0, there is a negative 
and linear relationship. Lastly, α1<0; α2>0 suggest a 
U-shaped relationship between environmental depletion 
and growth. 

Next, the transport-induced EKC hypothesis was 
analyzed by implementing the following five steps. 
First, we performed the cross-sectional dependence 
test proposed by Pesaran to check whether the selected 
panel data demonstrate considerable cross-sectional 
dependence [36]. Second, we assessed the stationary of 
each variable via the Levin et al.– LLC [37], Phillips–
Perron–Fisher Chi-square – PPF [38] – and cross-
sectionally augmented Im–Pesaran–Shin (CIPS) [39]. 
The alternative assumes the stationary properties of at 
least one panel. Third, Kao residual cointegration [40], 
Johansen Fisher panel cointegration and Westerlund 
cointegration tests were performed to examine the 
possible cointegration in Eq. (2) [41, 42]. The common 
null hypothesis assumes no cointegration. It is worth 
mentioning that the Westerlund cointegration test 
is robust to cross-sectional dependence [42]. The 
Johansen-Fisher test created by Maddala and Wu seeks 
the number of stationary combinations that can be 
provided within the inspected variables [41]. Clearly, the 
failure of the trace test to reject the null hypothesis of at 
most five cointegration equations implies the existence 
of a cointegration relationship among the selected 
variables. Fourth, given the presence of cointegration, 
a long-term model was set up accordingly. To this end, 
two panel data techniques were utilized to examine the 
nexus of interest in the long-term: panel autoregressive 
distributed lag (ARDL) model with the pooled mean 
group (PMG) and fully modified ordinary least squares 
(FMOLS) estimators for the panel cointegration 
regression. 

The transformed FMOLS estimator for the panel 
cointegration regression can eliminate any issue of 
serial correlation or endogeneity. Accordingly, a panel 
setting of the FMOLS model, formalized by Pedroni, is 
shown as Eq. (3) [43]:

 (3)

Here, Xit and yit stand for the cointegrated variables. 
 displays the modification of the independent 

variables and the corrected serial correlation terms  
(  where ω and  are 
represent the estimates of long-run covariances; 

). The study [43] provides a 
brief description of the estimation procedure. 

This study also employed the PMG estimator 
to evaluate the dynamic panel data model. This 
model enables us to reveal the short- and long-term 
relationships of the transport-induced EKC. Scholars 
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The ARDL(p, q, q, ..., q)  model is used to propose the 
PMG estimator and can be formalized as Equation (4) 
[44]:

 (4)

...where xit stands for the regressors L(RGC), L(RGC2), 
L(FFC), L(RPC) and L(UPT), ρij is the vector of the 
respective regression coefficients, θij denotes the 
regression coefficient with the lags of the dependent 
variable, μi is the fixed effects, and uit is the general 
disturbance term. The short-run cointegration panel 
model can be represented as Eq. (5):

    (5)

...where the lag length is denoted by q and ECT is the 
error-correction term. 

Finally, the VECM Granger causality is utilized 
to observe the short- and long-term causality. Given 
that our variables are stationary at first differences 
and conintegrated, a Granger causality test within the 
panel VECM framework was applied to provide the 
directional relationships between the selected variables 
and differentiate between the short- and long-term 
Granger causality. Equations (1) and (2) can be re-
formulated into a VECM Granger causality equation for 
pollutant emissions from affluence, fossil fuel energy 
consumption, railway transport and urbanization, and 
formalized as (Eq. 6-11):

 (6)

  (7)

   (8)

   (9)

 (10)

 (11)

...where the first difference is depicted by Δ and 
m displays the lag length. The VECM residual s
erial correlation test is employed for the residual 
diagnostics.

The transport-induced EKC hypothesis was studied 
by considering six variables. The data on CO2 emissions, 
real GDP per capita, real GDP per capita squared, fossil 
fuel energy consumption and urban population were 
sourced from the World Bank Development Indicators 
Database 2020 [45], whereas those on the railways and 
the passengers carried were sourced from [45] and [46]. 
Table 1 presents the definition of each variable: 

Environmental depletion was approximated using 
per capita metric tons carbon emissions – EDI. The 
impact of affluence is evaluated using per capita GDP 
(constant 2010 US$) – RGC. Our study also introduces 
the squared term of per capita GDP (constant 2010 
US$) – RGC2. Energy consumption is approximated 
using fossil fuel energy consumption as a percentage 
of the total – FFEC and urbanization using the urban 
population (% of total population) – UPT. We augment 
the EKC phenomenon by analyzing the role of transport, 
utilizing railways and passengers carried – RPC.
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Results and Discussion

Statistical Summary

Summary descriptive statistics and a correlation 
matrix of the variables can be seen in Table 2. The 
empirical results are estimated before employing a 
linear logarithmic model. According to the correlation 
matrix demonstrated in Table 2, it can be concluded 
that the correlation coefficients between EDI and RGC, 
RGC2, FFEC and UPT are reasonably high, positive 
and statistically significant. However, the correlation 
coefficient with RPC is not statistically significant. 
In Table 2, the average value of all of the variables is 
positive. All of the variables except EDI and FFEC have 
a positive value of skewness, displaying the distribution 
skewed to the right.  

Table 2 also demonstrates similar differences among 
the countries under inspection. The proxy variable for 
environmental depletion reports a maximum value 
for Greece (8.98) in 2005 and a minimum value for 

Albania in 1997 (0.49). The maximum value of real 
GDP per capita is reported for Greece (30054.90) in 
2007, while Bosnia and Herzegovina has the minimum 
value of 871.17 in 1995. In light of the proxy for energy 
consumption, Moldova reports the maximum fossil 
fuel energy consumption as a percentage of the total of 
94.69 in 1995 and Albania the minimum value of 41.45 
in 1997. Greece had the highest level of urbanization 
(% total) in 2014 of 77.70, whereas the minimum value 
pertains to Albania in 1995 (38.91). The railways and 
passengers carried reaches a maximum value for 
Romania in 1995 (18879) and a minimum value for 
Albania in 2014 (8). 

Cross-Sectional Dependence and Stationarity

With the aim of contributing to the empirical 
research on the validity of the transport-induced EKC 
phenomenon, this study employs the methodology 
highlighted in Section 2 using the case study of ten SEE 
countries for the period 1995-2014. Initially, we test 

Table 2. Descriptive Statistics Results and the Correlation Matrix.

Table 1. List of variables and their description.

Variable Variable description Unit Source

EDI CO2 emissions Metric tons per capita  [45] (EN.ATM.CO2E.PC)

RGC GDP per capita Constant 2010 US$  [45]  (NY.GDP.PCAP.KD)

RGC2 GDP per capita squared Constant 2010 US$  [45]; authors’calculations. (NY.GDP.PCAP.KD)

FFEC Fossil fuel energy consumption % of total  [45]  (EG.USE.COMM.FO.ZS)

RPC Railways, passengers carried million passenger-km  [45]; [46] (IS.RRS.PASG.KM; PASSTRANSP)

UPT Urban population % of total population  [45]  (SP.URB.TOTL.IN.ZS)

Source: [45, 46]; authors’ calculations.

Var./Stat. EDI RGC RGC2 FFEC RPC UPT

EDI 1

RGC 0.750*** 1

RGC2 0.713*** 0.969*** 1

FFEC 0.237*** 0.065 0.093 1

RPC 0.057 -0.034 -0.103 0.196*** 1

UPT 0.586*** 0.501*** 0.449*** 0.249*** 0.245*** 1

Mean 4.68 9246.27 145000000.00 80.41 2197.45 56.40

St dev 2.21 7703.71 215000000.00 10.99 3207.96 10.79

Max 8.98 30054.90 903000000.00 94.69 18879.00 77.70

Min 0.49 871.17 758930.30 41.45 8.00 38.91

Skew -0.010 1.118 1.785 -0.884 2.582 0.373

Kurtos 2.172 3.049 5.179 3.499 11.109 1.969

Note: Significance levels: *p<10%, **p<5%, ***p<1%.
Source: [45, 46]; authors’ calculations.
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for potential cross-sectional dependence. Hereafter, we 
carried out the logarithmic transformation of all of the 
inspected variables. 

The Pesaran  test was utilized to investigate the 
cross-sectional dependence in the relevant model  
(Eq. 2) [36]. Under the null hypothesis, there is no 
cross-sectional dependence, whereas the alternative 
declares the presence of cross-sectional dependence. 
Referring to the results in Table 3, the null hypothesis 
regarding the absence of cross-sectional dependence 
is strongly rejected for all of the inspected variables. 
Based on the findings (Table 3), it may be concluded 
that cross-sectional dependence exists, meaning that 

changes in the magnitude of the railway transport in 
one SEE economy might alter the magnitude of railway 
transport in another SEE economy. 

In terms of the level of integration, this study 
utilizes the three relevant tests: Levin et al. – LLC [37], 
Phillips–Perron–Fisher Chi-square – PPF [38] and the 
cross-sectionally augmented Im–Pesaran–Shin (CIPS) 
[39]. Unit-root tests are utilized under the subsequent 
provisions: (1) only intercept and (2) intercept and trend, 
as displayed in Table 4.

Referring to these results, the stationary property 
of EDI can be inferred at the log level in both cases: 
1. intercept included; 2. intercept and trend included. 

Table 3. Cross-Section Dependence Test.

Test/variables L(EDI) L(RGC) L(RGC)2 L(FFEC) L(RPC) L(UPT)

Breusch-Pagan LM 238.84*** 642.39*** 645.81*** 323.79*** 181.11*** 713.78***

Pesaran scaled LM 19.38*** 61.92*** 62.28*** 28.33*** 13.29*** 69.44***

Bias-corrected scaled LM 19.12*** 61.65*** 62.01*** 28.07*** 13.03*** 69.18***

Pesaran CD 1.84* 24.82*** 24.87*** 4.33*** 6.08*** 8.31***

Note: L – natural logarithm, significance levels: *p<10%, **p<5%, ***p<1%.
Source: [45, 46]; authors’ calculations.

Table 4. Panel Unit-Root Analysis.

Variables Test
Levels First differences

Intercept Intercept and trend Intercept Intercept and trend

L(EDI)

LLC -3.97*** -4.21*** -6.32*** -5.80***

PPF 37.23** 31.91** 97.13*** 123.40***

CIPS -1.38 -2.26 -3.67*** -4.55***

L(RGC)

LLC -0.09 1.69 -2.10** -4.81***

PPF 33.80** 32.98** 324.69*** 64.51***

CIPS -2.25* -2.57 -3.84*** -4.41**

L(RGC)2

LLC -0.09 1.16 -2.85*** -4.78***

PPF 31.12* 33.98* 225.99*** 69.69***

CIPS -2.09 -2.41 -3.71*** -4.32***

L(FFEC)

LLC 1.50 0.55 -4.85*** -5.46***

PPF 18.70 30.70* 219.38*** 115.61***

CIPS -1.53 -2.70 -4.09*** -4.07***

L(RPC)

LLC -1.99** 0.74 -3.41*** -3.11***

PPF 26.82 34.76** 212.64*** 88.69***

CIPS -1.40 -1.25 -3.19*** -3.36**

L(UPT)

LLC -6.10*** -1.22 -0.16 -0.28

PPF 281.01*** 16.69 11.09 30.17*

CIPS -0.66 -2.13 -2.91*** -3.16***

Note: Significance levels: *p<10%, **p<5%, ***p<1%.
Source: [45, 46]; authors’ calculations.
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However, the log levels of RPC and UPT are stationary 
only in the case when the intercept is included. The 
Phillips–Perron–Fisher Chi-square test shows the 
stationary properties of EDI, RGC, RGC2 at the log 
levels in both cases: 1. intercept included; 2. intercept 
and trend included. FFEC and RPC are stationary 
at the log levels in case 2. Intercept and trend are 
included while urbanization is stationary at level in 
the case when only the intercept is included. All of the 
inspected variables are, however, stationary at their first 
difference. The results obtained from the test, robust 
to cross-sectional dependence (CIPS), confirm these 

findings and suggest the stationary properties at first 
difference. In other words, it can be inferred that the 
inspected variables are integrated of the same order I(1). 

Panel Cointegration

To confirm the cointegration relationship between 
the observed variables, we utilize the relevant tests and 
display findings in Table 5. Yet, our tests conclude that 
the nexus amid environmental depletion, real GDP per 
capita, real GDP per capita squared, fossil fuel energy 
consumption, urbanization and transportation activity is 
defined as a long-term relationship.

Long-Run and Short-Run Results

After confirming the cointegration relationship, we 
apply FMOLS and the PMG estimators to determine 
the long-term regression parameters using Eq. 2. 
The findings on the long-term relationship between 
environmental depletion and relevant independent 
variables are shown in Table 6.

All of the variables, except for the real GDP per 
capita squared, have a significant positive impact on 
environmental depletion via the weighted version 
of the FMOLS estimation. However, the coefficient 
with the real GDP per capita square is significantly 
negative, thereby confirming the inverted U-shaped 
environmental depletion-growth nexus. In other words, 
the EKC framework exists in the SEE countries in the 
long-term, thereby validating our study’s hypothesis 
and setting out the answer to RQ1. Table 6 also 
demonstrates a significant positive impact of fossil 
fuel energy consumption on environmental depletion. 
Consequently, a 1% increase in fossil fuel energy 

Table 5. Results of Panel Cointegration Tests.

Test Statistic Value

Maddala and Wu
[33]

Fisher (from trace 
test)

99.030***

489.800***

322.000***

159.700***

84.420***

42.340***

Kao [32] t-stat -6.301***

Westerlund [34]

Gt -4.558***

Ga -3.762

Pt -15.436***

Pa -4.334

Note: Significance levels: *p<10%, **p<5%, ***p<1%.
Source: [45, 46]; authors’ calculations.

Table 6. Long-Run Estimations via FMOLS and PMG.

Estimation method/Variables
FMOLS

PMG
Weighted

L(RGC) 1.244*** (0.023) 1.554*** (0.287)

L(RGC2) -0.049** (0.024) -0.069*** (0.015)

L(FFEC) 1.693*** (0.030) 2.159*** (0.067)

L(RPC) 0.176*** (0.031) 0.076*** (0.015)

L(UPT) 1.682*** (0.001) 0.860*** (0.001)

ECT-1 -0.928***(0.245)

Groups 10 10

Observations 190 180

R-squared 0.964

Sum squared resid 2.557 0.090

Log likelihood 504.799

Note: Standard errors in parentheses. Significance levels: *p<10%, **p<5%, ***p<1%. EDI is the dependent variable.
Source: [45, 46]; authors’ calculations.
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consumption increases environmental depletion by 
1.69%. Similarly, urbanization is also reported to have 
a negative environmental effect, indicating that a 1% 
increase in the urban to total population increases 
environmental depletion by 1.68%. Most importantly, 
railway transport has a significant positive impact 
on environmental depletion. This empirically means 
that a 1% increase in railways and passengers carried 
increases environmental depletion by 0.18%. These 
findings set out the answer to RQ2.

Next, we employ the PMG estimator to check the 
robustness of the results following the estimation via 
FMOLS. The PMG estimation results reveal significant 
and positive coefficients with real GDP per capita, 
railway transport, urbanization and fossil fuel energy 
consumption, whereas the coefficient with real GDP per 
capita squared is found to be significantly negative in 
the long-run. The ECT in the model estimated using the 
PMG estimator is negatively significant, demonstrating 
that pollutant emissions converge to its long-term 
equilibrium path. In addition, the coefficient with ECT 
confirms the stability of the relationship in Eq. (2).

According to both the FMOLS and PMG results, 
the transport-induced EKC hypothesis exists in SEE 
countries. These findings affirm the evidence of [9, 14-
16, 18], . The SEE countries have a significantly lower 
ecological footprint per capita than the countries of the 
European Union [35]. Despite their use of coal, Bosnia 
and Herzegovina has similar or lower per capita carbon 
emissions compared to the EU, while the remaining 
countries have far lower ones. The situation is the 
opposite regarding carbon emissions per unit of GDP: 
here, only Albania, due to its large share of renewable 
energy, is comparable to the European Union, while 
the other inspected countries are much less efficient in 
terms of their economic output in light of their level of 
emissions. Addressing the strong dependence of SEE 
countries on fossil fuel energy consumption, the positive 
coefficient with FFEC in Table 6 is unsurprising. The 
empirical results revealing a positive impact of fossil 
fuel energy consumption on environmental depletion 
are in line with the evidence provided by [15]. 

With the economic development resulting in an 
ongoing increase in economic activity, and also the 
negative consequences of consumer society, with the 
rapid urbanization, the increasing ownership of obsolete 
second-hand cars, and rapid increase in road transport 
are becoming visible, but the public seems to have 
accepted increasing pollution as a necessary by product 
of progress [35]. The quality of the information on air 
pollution and its accessibility has improved in recent 
years. Hence, the citizens have become more aware 
about the trends in air pollution. Accordingly, some 
emergency measures, such as car bans in urban areas, 
have also been introduced during the worst pollution 
episodes, although air quality remains the deadliest 
pollution-related problem in the observed countries. 
Consequently, the positive coefficient with urbanization 
and railway transport is not unexpected. The SEE 

countries did not implement pollutant emission 
mitigation policies and taxation in the urbanized 
areas. This concluding remark is justified by [7, 9, 
17]. In addition, the FMOLS and PMG results suggest 
a statistically significant positive impact of railway 
transport on pollutant emissions. Railway transport is 
an important economic activity in the SEE countries. 
Considering the related implications of railway 
transport, such as environmental degradation and noise, 
a negative environmental effect is anticipated and in 
line with [14, 17, 18]. 

The results of the PMG estimator are further 
employed to assess the environmental depletion-growth 
nexus in the short-term. The findings presented in Table 
7 helped us to check the validity of transport-induced 
EKC phenomenon in the short-term by considering 
individual countries. The traditional transport-induced 
EKC theory, which has an inverted U-shaped curve, 
has also been confirmed in the overall panel of ten 
SEE economies as well as in the case of Croatia and 
Turkey in the short-run. Based on Table 7, the inverted 
U-shaped curve was not confirmed in the case of: 
Albania, Bulgaria, Bosnia and Herzegovina, Greece, 
Moldova, North Macedonia, Romania and Slovenia.  

Causality Analysis

Finally, we inspect the long- and short-term 
causality. The results of the causality tests based on 
the panel VECM are briefly shown in Table 8 (the 
voluminous output of VECM estimation is available 
upon request). 

There exists a two-way causal relationship between 
real GDP per capita and environmental depletion 
in the short-run. Our findings support the evidence 
presented by [6, 7, 17, 47] . It is important to note the 
two-way causal relationship between fossil fuels energy 
consumption and environmental depletion. For this 

Table 7. The EKC in the Short-Run.

Developing countries EKC

Albania No

Bulgaria No

Bosnia and Herzegovina No

Greece No

Croatia Yes

Moldova No

North Macedonia No

Romania No

Slovenia No

Turkey Yes

Note: Obtained from PMG estimation.
Source: [45, 46]; authors’ calculations.
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relationship, [6, 10, 14] demonstrated equivalent output. 
Our causality results imply a bidirectional causal 
linkage amid urbanization and environmental depletion. 
These findings are in line with [17]. Lastly, a two-
way causal relationship between transport activity and 
environmental depletion is supported by the findings of 
[17] and [14].

As illustrated in Table 8, there is evidence of a 
two-way causal relationship between urbanization and 
pollutant emission in the short-run. This finding aligns 
with [48]. Affluence is reported to have a one-way 
causal relationship with pollutant emissions in the short-
run. This evidence is also confirmed by [49]. Finally, 
the long-run coefficients show that pollutant emissions 
converge to equilibrium with respect to the changes in 
affluence and energy consumption. This evidence is 
strongly supported by [50, 51]. The VEC residual serial 
correlation p-value does not reject the null hypothesis 
regarding an absence of serial correlation. 

Conclusions

This present study augmented the theme of 
the EKC framework by focusing on the role of 
transportation activity. It evaluated whether affluence, 
fossil fuel energy consumption, urbanization and 
transportation activity exert significant long-term 
effects on environmental depletion in the case of ten 

SEE countries for the period 1995-2014. Accordingly, 
it specifically emphasized the impact of various 
macroeconomic variables on environmental degradation 
by utilizing cross-sectional dependence tests, relevant 
unit root tests, panel cointegration tests as well as 
PMG and FMOLS estimators to evaluate the long-term 
relationships. To determine the direction of the causality 
between the inspected variables in the short- and long-
term, we needed to use the panel vector error correction 
model (VECM) and Granger causality test.

The cross-section dependence test revealed that 
the null hypothesis regarding a lack of cross-sectional 
dependence is strongly refuted. The relevant unit root 
tests confirm the stationary properties of all of the 
variables at first differences. The cointegration tests 
highlight that the null hypothesis regarding a lack 
of cointegration is strongly rejected the existence of 
long-run associations between the inspected variables. 
After validating the cointegration relationship, this 
study further utilized relevant panel data estimators 
to calculate the regression coefficients. According 
to both of the FMOLS and PMG outcomes, the 
inverted U-shaped relationship between affluence and 
environmental depletion is verified, confirming the 
existence of the EKC hypothesis for the sample of ten 
SEE countries in the long-term. Transport activity has 
negative environmental effects in the long-term. Based 
on the PMG findings, the EKC phenomenon is affirmed 
only for Croatia and Turkey in the short-term, whereas 

Table 8. Results of the Causality Tests Based on VECM.

Dependent 
variables

Short-run coefficients Long-run 
coefficients

ΔL(EDI) ΔL(RGC) ΔL(RGC2) ΔL(FFEC) ΔL(RPC) ΔL(UPT ECT

ΔL(EDI) - -1.384***

(-0.353)
0.091

(-0.962)
0.072*

(-0.041)
-0.185**

(-0.084)
-0.004

(-0.001)***
-0.336

[-4.624]***

ΔL(RGC) 5.940***

(-1.303) - -3.340
(-11.819)

1.910***

(-0.509)
12.661*

(-7.001)
0.018

(-0.014)
-0.101

[-2.732]***

ΔL(RGC2) -0.323***

(-0.076)
-0.024

(-0.038) - -0.103***

(-0.029)
-0.732*

(-0.407)
-0.001

(-0.001)
-1.516

[-2.303]**

ΔL(FFEC) 0.823***

(-0.262)
0.319**

(-0.133)
5.219**

(-2.378) - -5.058***

(-1.409)
-0.005*

(-0.003)
-0.139

[-4.897]***

ΔL(RPC) 0.058
(-0.053)*

0.048*

(-0.026)
0.803*

(-0.482)
-0.277***

(-0.102) - -0.001
(-0.001)

-19.983
[-5.343]***

ΔL(UPT) 11.172
(-6.774)*

2.592
(-3.436)

48.534
(-61.428)

-0.044**

(-0.021)
-2.703

(-36.392) - 0.004
[5.203]***

Observations 160

R-squared 0.537 0.288 0.265 0.468 0.811 0.359

S.E. of regression 0.079 0.040 0.714 0.031 0.423 0.001

F-statistic 12.030 4.181 3.728 9.109 44.465 5.801

Log likelihood 187.573 296.193 -165.200 338.138 -81.437 913.547

Note: Standard errors are presented in parentheses and the t-statistics in brackets. ECT represents the error correction term. 
Significance levels: *p<10%, **p<5%, ***p<1%. 
Source: [45, 46]; authors’ calculations.
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the other countries do not report an inverted U-shaped 
relationship between affluence and environmental 
depletion in the short-term. Finally, the Granger 
causality test outlines the two-way causal relationship 
between affluence and carbon emissions; fossil fuel 
energy consumption and carbon emissions; railway 
transport and carbon emissions; and urbanization 
and carbon emissions. Overall, these macroeconomic 
variables do not reduce environmental depletion in the 
long-term in the inspected sample of countries. 

Our empirical results recommend certain policies. 
A positive impact of fossil fuel energy consumption 
on environmental depletion raises the necessity of 
reducing the traditional energy consumption without 
jeopardizing the economic performance of the SEE 
economies. In this regard, it is vital to increase energy 
efficiency, energy savings, investments in clean energy 
sources and cleaner technologies. Addressing the strong 
dependence on fossil fuels, there is a dire need to 
implement renewable energy sources in SEE countries. 
In such a case, that provides a positive relationship 
between transport and environmental depletion, it is 
vital to balance transportation needs with clean energy 
objectives. In addition, policy makers should implement 
relevant strategies that will help to increase the energy 
efficiency in the transportation sector. 

Some limitations of our study are considered as 
follows. Firstly, the prediction of the EKC framework is 
limited to the case of ten SEE countries only and these 
findings are certainly not generalizable. Secondly, there 
are other proxies for transport activity, e.g., (passenger) 
air transport that could be employed to provide  
a better understating of the transport-induced EKC 
model. Thirdly, not only transportation but also other 
economic activities, such as tourism, industry and 
manufacturing, might be examined in order to gain 
further insights into the environmental depletion-
affluence nexus.  
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