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Abstract: Urbanization has contributed to an increase in the transport activities, and thus to a greater degradation of air quality. The urban indicators in the European Union 
(EU) countries have different negative effects on air quality. That is why the EU has been making special efforts. Although in recent years special attention has been paid to 
the analysis of the Environmental Kuznets Curve (EKC), the main problem related to this analysis is the choice of air quality indicators. In order to overcome this problem, a 
two-phase model was developed. In the first phase, extreme values of the impact of (urban) inputs on the output (carbon dioxide (CO2) emissions) variable of the EU countries 
from 2000 to 2014 are determined, using the methodology of artificial neural networks (ANN), in order to select an input variable. In the second phase, starting from the 
selected variable, a cluster analysis of the EU countries is applied in order to examine the legality of the EKC. Based on the obtained results, it is shown that the connection 
between the methodology of ANN, cluster analysis and the laws of the EKC can be used to examine the impact of widely available urban indicators on various air quality 
indicators.  
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1 INTRODUCTION 
 

Urbanization leads to a relative concentration of 
residents and transport activities in urban areas. With the 
increase in population density and the increase in urban 
population, the need for greater mobility is strong. The 
concentration of jobs and higher education institutions in 
cities attracts more people of working age. This 
concentration of people and activities in cities often creates 
a high level of local pollution with an impact on the air. 
However, the biggest challenges facing European cities are 
no longer local but global. Addressing climate change 
requires that all cities reduce CO2 emissions. 

Urban development with the characteristics of low 
population density, spreading, dependent environmental 
and social impacts is often called the uncontrolled urban 
expansion or the so-called Sprawl index. Uncontrolled 
urban sprawl tends to increase car use as well as negative 
impacts on biodiversity. The Sprawl index is an indicator 
that can be considered a more relevant parameter of the 
impact of urbanization on the transition to sustainable 
urban mobility [1]. The problem with the use of this 
indicator is the limited statistical data (especially for the 
period from 2000 to 2014 and for the EU member states 
analysed in this paper). 

During the process of urbanization in the period 
between 1961 and 1991, the share of inhabitants in cities 
on the territory of today's EU increased in relation to the 
total number of inhabitants from 65% to 71%. However, 
between 1991 and 2011, the observed share increased by 
only one percent, ie. to 72%. The share of the population 
in European cities with at least 50000 inhabitants is low: 
39% compared to 52% globally. All cities in the following 
EU member states have seen an increase in population 
(Cyprus, Denmark, Finland, Luxembourg and Sweden), 
while all cities in Estonia and Latvia have seen a decline in 
population over the last twenty years [2]. 

In the literature, special attention is paid to 
urbanization and its impact on air pollution. Population 
growth is one of the significant factors of air pollution in 
developed and developing countries [3-5]. Using a 
dynamic approach, Mamun et al. [6] examined the 

relationship between CO2 emissions and population 
growth between 1980 and 2009. Their results indicated that 
an increase in population affects the increase in CO2 
emissions. Zhang et al. [7] came to the conclusion that 
increasing the share of urban in the total population, as well 
as increasing the number of inhabitants affects the increase 
in CO2 emissions. 

Al Mulali et al. pointed out that there is interdependence 
between urbanization, energy consumption and CO2 
emissions [8]. The same conclusion was reached by Martinez-
Zarzoso and Maruotti [9] who pointed out that in developed 
countries urbanization has a negative impact on CO2 
emissions, while in underdeveloped countries, ie. in countries 
with low GDP per capita, urbanization has a positive effect on 
CO2 emissions. 

Xu et al. have pointed to the existence of an inverse 
relationship between urbanization and carbon emissions 
[10]. Katircioglu et al. tested the interdependence of 
urbanization and CO2 emissions in Turkey. The results 
indicated that there is no inverse U curve between the 
observed variables [11]. 

Jalil and Mahmoud [12] confirmed the validity of the 
EKC based on CO2 and GDP per capita on the example of 
China for the period from 1971 to 2005. Similarly, Zanin and 
Mara [13] did the same in the example of France and 
Switzerland, Ahmed and Long [14] for Pakistan for the period 
from 1971 to 2008, and Shahbaz and his associates [15, 16] 
for Romania for the period from 1980 to 2010. On the other 
hand, Cialani [17] did not confirm the existence of an inverse 
U curve in the example of Italy for the period from 1861 to 
2002, as well as Akbostanci and his associates [18] for Turkey 
for the period from 1968 to 2003. 

However, it is necessary to point out that in the 
literature, special attention is not paid to examining the 
validity of the EKC, which starts from urbanization and 
CO2 emitted by transport. 

In the introductory discussion, a review of the relevant 
literature is given, and then the next chapter presents the 
Environmental Kuznets Curve, the problem of omitting 
variables and the principles of the ELM method. The third 
chapter describes a two-phase model for evaluating the 
impact of urbanization on air pollution in the EU. In the first 
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phase of the model, the impact of urban parameters on CO2 
emissions emitted by transport is determined using the ELM 
method, while in the second phase of the model, a cluster 
analysis of the EU countries is performed and the 
dependence of isolated factors and CO2 emissions from 
transport is determined. The presentation and discussion of 
the obtained results is given in the fourth chapter. Finally, 
the concluding remarks, in the form of advantages and 
disadvantages of the application of the implemented two-
phase model, are presented. 
 
2 METHODS 
2.1 Environmental Kuznets Curve 
 

Since the 1990s, the Kuznets curve has taken on a new 
shape. Instead of the inverse U relationship between 
economic growth and economic inequality (the original 
Kuznets curve), the relationship between economic growth 
and environmental degradation is now considered and 
known as the Environmental Kuznets Curve. 

However, the results of the research depend on the 
choice of environmental quality indicators. The literature 
related to EKC validation testing includes a variety of both 
dependent and independent variables. Dependent variables 
are environmental degradation indicators or environmental 
quality indicators (such as CO2, SO2, sulphur, arsenic, lead 
emissions, deforestation, water pollution, etc.), while the 
following are considered independent variables: GDP per 
capita, income inequality, free trade, quality of institutions, 
environmental regulations and corruption [19]. 

Based on the EKC-based research, several 
shortcomings can be singled out, highlighting those related 
to econometric issues, ranging from stationary variables to 
the problem of omitting variables, as well as an inadequate 
or non-existent theoretical and conceptual framework that 
does not include feedback, ie. environmental degradation 
to production [20]. 
 
2.2 The Problem of Omitting Variables 
 

One of the main shortcomings of EKC-based studies is 
the problem of omitted variable bias [21]. The 
development of simplified models that include several 
variables, as well as the omission of important variables, 
result in processes that lead to wrong conclusions and 
wrong predictions. Several studies have addressed the 
issue of omitting variables including macroeconomic 
variables such as price, population, income distribution, 
education, technology, and societal development 
indicators. 

In order to overcome the problem related to the 
omission of variables, the selection of variables is first 
performed, ie. the selection of the most important factor 
influencing air quality in order to examine the validity of 
the EKC. For this reason, the selection of variables can be 
performed using the Extreme Learning Machine (ELM) 
method within ANN. 
 
2.3 ELM Method 
 

Today, due to advances in technology, data is being 
generated at an incredible pace, leading to data sets of 
enormous dimensions. That is why it is important to have 

efficient computational methods and algorithms that can 
deal with such large data sets, so that they can be analyzed 
within a reasonable time. One of the disadvantages of ANN 
is learning time. A large number of algorithms are used for 
learning neural networks, such as the Back Propagation (BP) 
method, the Support Vector Machine (SVM) method, the 
Hidden Markov Model (HMM) method, etc. [22-26]. 
Traditional algorithms can sometimes take up to several 
days to train a neural network. 

A special approach has become popular with ANN in 
recent years, the Extreme Learning Method that uses 
randomization in its hidden layer and with the help of 
which it is possible to effectively train a network. The new 
ELM learning algorithm is used for Single-hidden Layer 
Feedforward Neural Networks (SLFN) [27, 28]. With 
traditional learning methods, all parameters of one-way 
neural networks must be adjusted, while with the ELM 
method it is not necessary to adjust the input weight 
coefficients and influences of the first hidden layer [29, 
30]. Through various simulation tests in research [31], it 
was shown that the ELM method, in addition to 
accelerating the learning process, also has excellent 
generalization performance. Unlike traditional learning 
algorithms used for gradient-based unidirectional neural 
networks, the ELM method has the following significant 
features: 
- Extremely high speed of learning when training SLFN. 
- Ability to achieve not only the smallest training error but 
also the smallest weight norm, ie. obtaining better 
generalization performance for SLFN networks. 
- Possibility to use non-differential activation functions 
for SLFN network training. 
- Ease and convenience of use without possible 
problems in terms of low learning speed, local minima, too 
much network training, etc. 

Root means square error - RMSE is most often used as 
a statistical indicator of the performance of the ELM 
method. The precision of the model is higher with the 
lowest possible RMSE value. 
 
2.4 The Problem of Examining the Validity of the 

Environmental Kuznets Curve 
 

When testing the validity of the EKC, researchers most 
often use different types of unit root tests. However, the 
main shortcomings of the unit root test relate to the fact that 
it does not take into account: 1) the heterogeneity of states 
in terms of observed variables; 2) the possibility of the 
presence of structural breakpoints that occur in the series 
[32]. Researchers solve the problem of respecting 
heterogeneity by applying Fully Modified Ordinary Least 
Squares – a modified method of least squares. However, by 
applying this method, results are obtained for each 
observed country, and not for several countries where the 
same or similar economic laws are manifested. It is 
necessary to point out the fact that the results related to the 
EKC have indicated that its validity depends on the choice 
of country or region. For this reason, after the first phase 
(the ELM method), the second phase or cluster analysis is 
applied in the paper to indicate which countries are valid 
for the EKC and which are not. 

One of the advantages of cluster analysis is reflected 
in the possibility of its application in various scientific 
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disciplines. Researchers are often faced with a large 
number of observed units that have different 
characteristics. The possibility of interpretation of 
theobserved units is possible after the application of cluster 
analysis or cluster formation. Based on that, it can be 
pointed out that the next advantage of applying cluster 
analysis is the reduction of set characteristics to cluster 
characteristics, while the loss of information related to the 
entire population is minimal. The main disadvantage of this 
analysis is that the solutions of its application depend on 
the choice of variables. This shortcoming was overcome by 
applying the ELM method. 
 
3 TWO-PHASE MODEL 
 

The first step in modeling the impact of ANN and the 
ELM method is to define the input and output parameters 
(variables) of the model [33-38] in order to identify the laws 
and relationships between them (Fig. 1). Data collection was 
performed from the websites of the European Commission 
and the World Data Bank for the EU countries in the period 
from 2000 to 2014. In the process of collecting, the problem 
of incomplete data arose and one important advantage of 
ANN was used, which is the possibility of using incomplete 
data in its work. 

Namely, in the first phase, the developed ANN/ELM 
model quantifies the impact of adopted input and output 
parameters for the EU countries [39, 40] in order to select 
the ones on which, in the second phase of the model [41], 
clustering and interdependence are examined, ie. the 
existence of an inverse U relationship. 
 
3.1 The First Phase of the Model 
 

To determine the impact of urban parameters on CO2 
emissions stemming from transport activity, the ANN 
model was developed, applying the ELM method, which is 
a three-layer one-way neural network and consists of one 
input, one hidden and one output layer (Fig. 2). 

The choice of this network was made on the basis of 
the ability to approximate any arbitrary continuous 
function from several real variables. Two data sets were 
created for the EU countries: the data on input variables 
and output variables in the period from 2000 to 2007 were 
used for training, while the data from 2008 to 2014 were 

used for neural network testing. For the comparison of 
RMSE errors to be the most adequate, it is very important 
that the number of training epochs for all inputs to the 
neural network is the same. Specifically, during the 
processing of the mentioned input-output data and 
determining the influence of input variables in the ANN 
model, one epoch was used for neural network training. 

The content of the input layer consists of three 
neurons, ie. three different neural network inputs. The 
output layer of the neural network consists of a single 
neuron, whose output covers each combination of input 
variables, for CO2 emissions from transport. The sigmoid 
(logistic) function was used as the activation function for 
the output layer, while the linear (purelin) function was 
used for the hidden layer. The adopted learning algorithm 
independently adjusts the parameters of the neural network 
in order to find their right combination with which the 
neural network approximates the nonlinear function with 
high quality. Networks are trained for input data in such a 
way as to determine the specific RMSE error of each input 
to a specific output. The input variable with the lowest 
RMSE training error obtained has the greatest impact on the 
observed output variable and vice versa, ie. the input 
variable with the highest RMSE error has the smallest 
impact on the adopted output variable. 

In the process of training the network, the number of 
neurons in the hidden layer was changed, which also 
depended on the number of input neurons, in order to 
obtain the best results in the output layer. In RMSE testing, 
error is used to monitor the regression flow between 
training and test data sets. The neural network training 
process needs to be stopped when the RMSE testing error 
starts to show its sudden increase in relation to the RMSE 
training error, ie. that there is a deviation between the 
training and testing data sets. Using the developed ANN, 
the modeling of the impact of urbanization on CO2 
emissions was performed on the basis of input and output 
data for the EU countries in the time interval from 2000 to 
2014 (Fig. 2). The input parameters used in this model are 
percentage of urban in total population, annual urban 
population growth in percentages and population density 
shown per capita per km2 of state. As the output parameter, 
CO2 in tons emissions from transport was analyzed. All 
input and output variables are modeled within the Matlab 
R2015b software. 

 

 
Figure 1 A Two-phase model for the evaluation of urbanization impacts on CO2 emissions from transport in the EU [42] 
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Figure 2 ANN model for determining the impacts of urbanization on CO2 emissions 

 
3.2 The Second Phase of the Model 
 

Cluster analysis is a multivariable technique of 
grouping similar units into different groups or clusters, ie. 
dividing a set into subsets according to a certain measure 
of distance [43]. The characteristics of observation units, 
ie. cluster characteristics, are determined on the basis of 
variables. Today, statistical software is used to implement 
cluster analysis such as Statistica and SPSS. The paper uses 
STATISTICA 8.0 software for cluster analysis. 

Cluster analysis does not have a mechanism that 
allows the distinction between relevant and irrelevant 
variables on the basis of which relatively homogeneous 
clusters are formed. Therefore, the choice of the included 
variables on the basis of which the cluster analysis is 
performed must be subject to conceptual considerations. 
The results of cluster analysis depend on both the 
representativeness of the sample and the multicollinearity 
of the variables on the basis of which the cluster analysis is 
performed [44]. Researchers are often faced with a large 
number of observed units that have different 
characteristics. The possibility of interpretation of the 
observed units is possible after the application of cluster 
analysis or cluster formation. Based on that, it can be 
pointed out that the next advantage of applying cluster 
analysis is the reduction of set characteristics to cluster 
characteristics, while the loss of information related to the 
entire population is minimal. The main disadvantage of this 
analysis is that the solutions of its application depend on 
the choice of the cluster analysis method. Clustering is a 
process that allows a basic set to be divided into subsets or 
clusters. A center or center of gravity is formed for each 
cluster, and distance or distances are used as a measure of 
similarity in this case between the EU countries. In other 
words, the existence of an inverse relationship between the 
observed input and output parameters of the EU countries 
is examined. 
 
4 RESULTS AND DISCUSSION 
4.1 Results of Application of the First Phase of the Model 
 

RMSE errors after training and testing of ANN as the 
impact of urbanization on air pollution caused by transport 

activities are given in Tab. 1. In the created ANN model all 
input and output variables are modeled and the obtained 
value of the least RMSE training error is 52,3932 while the 
highest is 42,6460. 
 

Table 1 Impacts of urban indicators on air pollution 

 
CO2 

RMSE 
training testing 

Urban population 43,5233 51,8307 

Urban population growth 52,3932 52,6333 

Population density 42,6460 50,7458 

 
The obtained results indicate the fact that the population 

density input parameter has the smallest RMSE training 
error. This fact unequivocally leads to the conclusion that the 
population density parameter has the greatest impact on CO2 
emitted by transport. In doing so, the urban population 
growth input parameter has the largest RMSE training error. 
Bearing in mind that the largest deviation is the actual and 
projected value, it can be unequivocally concluded that the 
urban population grows. 

After quantification of the impact, ANN methodology, 
and the observed parameters on air pollution caused by 
transport activities, the clustering of the EU countries was 
performed and, based on the identified major impacts, the 
validity of the existence of the EKC was examined. 
 
4.2 Examination of the Environmental Kuznets Curve 
 

After quantification and determining the greatest 
impact of the observed parameters of the EU countries, a 
cluster analysis of the EU countries was performed and the 
legality of the EKC was examined (which was proven), 
starting from CO2 emissions from transport activities, GDP 
per capita and population density (Tab. 2). The first cluster 
includes the countries that record significantly less GDP 
per capita but also CO2 emitted by transport compared to 
the countries belonging to the second cluster. However, the 
countries belonging to the first cluster record the highest 
population density, ie. higher population density compared 
to the countries belonging to the second cluster. 
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Countries belonging to the third cluster record the 
lowest CO2 emitted by transport, but also the lowest 
population density in relation to the observed clusters.     
Fig. 3a and Fig. 3b show that the countries belonging to 
clusters I and II, from the observed period, went through a 
phase characterized by an increase in CO2 emissions due to 
increasing population density and entered a phase 
characterized by a decrease in CO2 emitted by transport 
due to increased density population. At the beginning of 
the observed period, the countries belonging to the third 
cluster (Fig. 3c) were at the end of the phase characterized 
by the increase of CO2 emitted by transport due to the 
increase in population density. 

It is necessary to point out the fact that the observed 
population density at which the reduction of CO2 emitted 
by transport occurs is not the same for the observed 
clusters. For the first cluster it is a population density of 
about 280 inhabitants/km2, for the second cluster a 
population density of about 180 inhabitants/km2, and for 
the third cluster it is a population density of about                  
82 inhabitants/km2. 
 
5 CONCLUSIONS 
 

Transport represents one of the largest emitters of 
harmful substances, such as carbon dioxide, which affect 
air quality especially in urban areas. Urbanization 
parameters such as the share of urban in the total 
population, the growth of urban population on an annual 
level and population density in the European Union (EU) 
have different negative effects on air quality. A two-phase 
model was developed to analyze the impact of urbanization 
indicators on carbon dioxide emissions emitted by 
transport in the observed time period from 2000 to 2014 for 
the EU states. 

In the first phase of the model, ANN analysis was 
conducted, and based on the obtained results it can be 
concluded that population density has the greatest impact, 
while urban population growth has the least impact on CO2. 
After the cluster analysis was performed according to the 
CO2 emissions from transport, GDP per capita and 
population density, the validity of the EKC was examined, 
which was also proved by the existence of an inverse U 
relation. The first cluster includes the countries that record 
less GDP per capita and CO2 emitted by transport 
compared to the countries that belong to the second cluster. 
However, the countries belonging to the first cluster record 
the highest population density, ie. higher population 
density compared to the countries belonging to the second 
cluster. The countries belonging to the third cluster record 
the lowest CO2 emitted by transport, but also the lowest 
population density in relation to the observed clusters. 
The disadvantage of the proposed model is related to the 
fact that within the impact of urbanization on CO2 
emissions emitted by transport, the following indicators 
were considered: urban population, urban population 
growth and population density, ie. the impact of 
quantitative population changes on air quality 
(participation of the able-bodied in the urban population 
and the educational structure of the population) on air 
quality in the EU. The directions for future research will be 
focused on: Research into the impact of qualitative changes 
in the population on the transport ofpassengersand goods, ie. 
on the use of passenger and freight transport modes; Analysis 
of the impact of qualitative changes in population on air 
quality; Application of ANN models developed to simulate 
precise emission or pollutant concentration scenarios; 
Examination of the validity of the EKC, which refers to the 
interdependence between different modes of passenger 
(freight) transport and CO2. 

 
Table 2 Cluster analysis based on CO2 emitted by transport, GDP per capita and population density  

Cluster 1 Cluster 2 Cluster 3 
States Distance States Distance States Distance 
Cyprus 1556,741 Austria 3389,32 Bulgaria 3276,628 
Greece 1239,614 Belgium 4564,49 Croatia 618,369 
Italy 5023,793 Denmark 2557,55 Czech Republic 2993,132 
Malta 3419,438 Finland 3085,88 Estonia 1509,123 

Portugal 2528,331 France 6164,05 Hungary 744,984 
Slovenia 2163,844 Germany 5401,62 Latvia 539,205 

Spain 1913,216 Ireland 2356,62 Lithuania 509,205 
  Luksemburg 25560,21 Poland 541,866 

Netherlands 1646,09 Rumunia 2517,628 
Sweden 1448,06 Slovakia 1735,004 

United Kingdom 5243,12   

 

   
                                     a)                                                                              b)                                                                            c) 

Figure 3 Movement of average values of CO2 emitted by transport and population densities in a) I, b) II and c) III cluster, respectively 
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The EKC has been improved with the developed two-
phase model, starting from its shortcomings which are 
pointed out in the literature. The ANN model developed 
within the first phase of the two-phase model was used to 
quantify the impact of urbanization and transport modes at 
the local level, ie. the level of the urban environment. The 
ANN model developed within the first phase of the two-
phase model can be applied to other urban areas as well. A 
two-phase model represents a universal platform for 
managing different urban indicators and their mutual 
influences on air pollution. 
 
Acknowledgements 
 

This research was financially supported by the Ministry 
of Education, Science and Technological Development of 
the Republic of Serbia (Contract No. 451-03-68/2022-14/ 
200109). 
 
6 REFERENCES 
 
[1] Bojković, N., Petrović, M., & Parezanović, T. (2018). 

Towards indicators outlining prospects to reduce car use 
with an application to European cities. Ecological 
Indicators, 84, 172-182. 
https://doi.org/10.1016/j.ecolind.2017.08.061 

[2] European Commission. (2016). The State of European 
Cities: Cities leading the way to a better future, Unhabitat. 

[3] Engelman, R. (1994). Stabilizing the atmosphere: 
population, consumption and greenhouse gases. Washington 
DC: Population Action International. 

[4] Engelman, R. (1998). Profiles in carbon: an update on 
population, consumption and carbon dioxide emissions. 
Washington DC: Population Action International. 

[5] Neill, O., Brian, C., Landis, MacKellar F., & Lutz, W. 
(2001). Population and Climate Change. Cambridge 
University Press. https://doi.org/10.1017/CBO9780511529450 

[6] Mamun, M. D., Sohag, K., Mia, M. A. H., Uddin, G. S., & 
Ozturk, I. (2014). Regional differences in the dynamic 
linkage between CO2 emissions, sectoral output and 
economic growth. Renewable and Sustainable Energy 
Reviews, 38, 1-11. https://doi.org/10.1016/j.rser.2014.05.091 

[7] Zhang, Y. J. (2014). The impact of economic growth, 
industrial structure and urbanization on carbon emission 
intensity in China. Natural Hazards, 73(2), 579-595. 
https://doi.org/10.1007/s11069-014-1091-x 

[8] Al-Mulali, U., Fereidouni H. G., Lee J. Y. M. & Sab, C. N. 
B. C. (2013). Exploring the Relationship between 
Urbanization, Energy Consumption and CO2 Emission in 
MENA Countries. Renewable and Sustainable Energy 
Reviews, 23, 107-112. https://doi.org/10.1016/j.rser.2013.02.041 

[9] Inmaculada, M. Z. & Antonello, M. (2011). The impact of 
urbanization on CO2 emissions: Evidence from developing 
countries. Ecological Economics, 70(7), 1344-1353. 
https://doi.org/10.1016/j.ecolecon.2011.02.009 

[10] Qian, X., Yu-Xiang, D., & Ren, Y. (2018). Urbanization 
impact on carbon emissions in the Pearl River Delta region: 
Kuznets curve relationships. Journal of Cleaner Production, 
180, 514-523. https://doi.org/10.1016/j.jclepro.2018.01.194 

[11] Setareh, K. & Salih, K. (2017). Testing the role of urban 
development in the conventional Environmental Kuznets 
Curve: evidence from Turkey. Applied Economics Letters, 
25(11), 1-6. https://doi.org/10.1080/13504851.2017.1361004 

[12] Jalil, A. & Mahmud, S. F. (2009). Environmental Kuznets 
curve for CO2 emission: a cointegration analysis for China. 
Energy Policy, 37, 5167-5172. 
https://doi.org/10.1016/j.enpol.2009.07.044 

[13] Zanin, L. & Marra, G. (2012). Assessing the functional 
relationship between CO2 emissions and economic 
development using an additive mixed model approach. 
Economic Modelling, 29(4), 1328-1337. 
https://doi.org/10.1016/j.econmod.2012.03.007 

[14] Ahmed, K. & Long, W. (2012). Environmental Kuznets 
curve and Pakistan: an empirical analysis. Procedia 
Economics and Finance, 1, 4-13. 
https://doi.org/10.1016/S2212-5671(12)00003-2 

[15] Shahbaz, M., Mutascu, M., & Azim, P. (2013). 
Environmental Kuznets curve in Romania and the role of 
energy consumption. Renewable and Sustainable Energy 
Reviews, 18, 165-173. https://doi.org/10.1016/j.rser.2012.10.012 

[16] Shahbaz, M., Tiwari, A. K., & Nasir, M. (2013). The effects 
of financial development, economic growth, coal 
consumption and trade openness on CO2 emissions in South 
Africa. Energy Policy, 61, 1452-1459. 
https://doi.org/10.1016/j.enpol.2013.07.006 

[17] Cialani, C. (2007). Economic growth and environmental 
quality: an econometric and a decomposition analysis. 
Management of Environmental Quality, 18(5), 568-577. 
https://doi.org/10.1108/14777830710778328 

[18] Akbostanci, E., Turut-Asik, S., & Tunc, G. I. (2008). The 
relationship between income and environment in Turkey: is 
there an environmental Kuznets curve? Energy Policy, 37, 
861-867. https://doi.org/10.1016/j.enpol.2008.09.088 

[19] Ajanovic, A., Dahl, C., & Schipper, L. (2012). Modelling 
transport (energy) demand and policies - An introduction. 
Energy Policy, 41, iii-xiv. 
https://doi.org/10.1016/j.enpol.2011.12.033 

[20] Ugur, S., Ramazan, S., & Bradley, T. E. (2007). Energy 
consumption, income and carbon emissions in the United 
States. Ecological Economics, 62, 482-489. 
https://doi.org/10.1016/j.ecolecon.2006.07.009 

[21] Adnan, K. &Yavuz, S. D. (2015). CO2 emissions, economic 
growth, energy consumption, trade and urbanization in new 
EU member and candidate countries: A panel data analysis. 
Economic Modelling, 44, 97-103. 
https://doi.org/10.1016/j.econmod.2014.10.022 

[22] Mahmood, L., Bahroun, Z., Ghommem, M., & Alshraideh, 
H. (2022). Assessment and performance analysis of machine 
learning techniques for gas sensing e-nose systems. Facta 
Universitatis-Series Mechanical Engineering. 
https://doi.org/10.22190/FUME220307022M 

[23] Bhattacharya, S. & Chakraborty, S. (2021). Application of 
XGBoost algorithm as a predictive tool in a CNC turning 
process. Reports in Mechanical Engineering, 2(1), 190-201. 
https://doi.org/10.31181/rme2001021901b 

[24] Udaiyakumar, S., Aruldoss, A., & Victoire, T. (2021). Week 
Ahead Electricity Price Forecasting Using Artificial Bee 
Colony Optimized Extreme Learning Machine with Wavelet 
Decomposition. Technical Gazette, 28(2), 556-567. 
https://doi.org/10.17559/TV-20200228080834 

[25] Ceylan, H., Davraz, M., & Sivri, M. (2021). Estimation of 
Compressive Strength of Waste Andesite Powder-Added 
Concrete Using an Artifical Neural Network. Technical 
Gazette, 28(4), 1182-1186. 
https://doi.org/10.17559/TV-20200604232451 

[26] Guher, A. B., Tasdemir, S., & Yaniktepe, B. (2021). 
Determining of Solar Power by Using Machine Learning 
Methods in a Specified Region. Tehnički vjesnik, 28(5), 
1471-1479. https://doi.org/10.17559/TV-20200425151543 

[27] Huang, G. B., Zhu, Q. Y., & Siew, Ch. K. (2004). Extreme 
Learning Machine: A New Learning Scheme of Feedforward 
Neural Networks. International Joint on Neural Networks, 
Conference Proceedings, 985-990. 

[28] Wang, D. & Huang, G. B. (2005). Protein Sequence 
Classification Using Extreme Learning Machine. 
Proceedings of International Joint Conference on Neural 
Networks, 1406-1411. 



Nikola PETROVIĆ et al.: A Two-Phase Model for the Evaluation of Urbanization Impacts on Carbon Dioxide Emissions from Transport in the European Union 

520                                                                                                                                                                                                          Technical Gazette 30, 2(2023), 514-520 

[29] Huang, G. B., Zhu, Q. Z. Y., & Siew, Ch. K. (2006). Extreme 
Learning Machine: Theory and Applications. 
Neurocomputing, 70, 489-501. 
https://doi.org/10.1016/j.neucom.2005.12.126 

[30] Kordanuli, B. (2017). Značajregulatornogokvirasolventnost 
II naposlovanjedruštava za osiguranje u Republici Srbiji(in 
Serbian). Doctoral Dissertation, Singidunum University, 
Belgrade.  

[31] Huang, G. B., Zhu, Q. Y., & Siew, C. K. (2003). Real-time 
learning capability of neural networks. Technical Report 
ICIS/45/2003, School of Electrical and Electronic 
Engineering, Nanyang Technological University, Singapore. 

[32] Alshehry, A. S. & Belloumni, M. (2017). Study of the 
environmental Kuznets curve for transport carbon dioxide 
emissions in Saudi Arabia. Renewable and Sustainable 
Energy Reviews, 75(3), 1339-1348. 
https://doi.org/10.1016/j.rser.2016.11.122 

[33] Zolfani, S. H., Bazrafshan, R., Akaberi, P., Yazdani, M., & 
Ecer, F. (2021). Combining the suitability-feasibility 
acceptability (SFA) strategy with the MCDM approach. Facta 
Universitatis-Series Mechanical Engineering, 19(3), 579-600. 
https://doi.org/10.22190/FUME210711062Z 

[34] Damjanović, M., Stević, Ž., Stanimirović, D., Tanackov, I., 
& Marinković, D. (2022). Impact of the number of vehicles 
on traffic safety: multiphase modeling. Facta Universitatis-
Series Mechanical Engineering, 20(1), 177-197. 
https://doi.org/10.22190/FUME220215012D 

[35] Durmić, E., Stević, Ž., Chatterjee, P., Vasiljević, M., & 
Tomašević, M. (2020). Sustainable supplier selection using 
combined FUCOM-Rough SAW model. Reports in 
Mechanical Engineering, 1(1), 34-43. 
https://doi.org/10.31181/rme200101034c 

[36] Ali, Y., Mehmood, B., Huzaifa, M., Yasir, & Khan, U. A. U. 
(2020). Development of a new hybrid multi criteria decision-
making method for a car selection scenario, Facta 
Universitatis-Series Mechanical Engineering, 18(3), 357-
373. https://doi.org/10.22190/FUME200305031A 

[37] Tomović, N., Arsić, M., Tomić, R., Bodolo, I., & Vlačić, D. 
(2020). Contribution to the Theory of the Business Success 
of Transport Organizations. Technical Gazette, 27(4), 1084-
1091. https://doi.org/10.17559/TV-20190131225425 

[38] Petrović, N. (2022). Optimization of plasma etch rate of 
deposited thin films by adaptive neuro fuzzy inference 
system. The International Journal of Advanced 
Manufacturing Technology, 123, 111-118. 
https://doi.org/10.1007/s00170-022-10198-z 

[39] Petrović, N., Bojović, N., &Petrović, J. (2016). Appraisal of 
urbanization and traffic on environmental quality, Journal of 
CO2 Utilization, 16, 428-430. 
https://doi.org/10.1016/j.jcou.2016.10.010 

[40] Petrović, N., Jovanović, V., Petrović, M., & Nikolić, B. 
(2020). Determining the impacts of freight transport mode 
combinations on air pollution using artificial neural 
networks. Facta Universitatis, Series: Automatic Control 
and Robotics, 19(3), 191-198. 
https://doi.org/10.22190/FUACR2003191P 

[41] Petrović, N., Bojović, N., Petrović, M., & Jovanović, V. 
(2020). Study of the environmental Kuznets curve for 
transport greenhouse gas emissions in the European Union. 
Facta Universitatis-Series Mechanical Engineering, 16(3), 
513-524. https://doi.org/10.22190/FUME171212010P 

[42] Petrović, N. (2018). Managing the impacts of urbanization 
and transport modes on the environment quality. PhD 
dissertation, University of Belgrade, Faculty of transport and 
traffic engineering. 

[43] Hair, J. F., Black, W. C., Babin, B. J., & Anderson, R. E. 
(2010). Multivariate Data Analysis-A Global Perspective, 
Upper Saddle River NJ, Pearson Education. 

[44] Ketchen, D. J. & Shook, C. L. (1996). The application of 
cluster analysis in strategic management research: An 
analysis and critique. Strategic Management Journal, 17(6), 
441-458. 
https://doi.org/10.1002/(SICI)1097-
0266(199606)17:6%3C441::AID-SMJ819%3E3.0.CO;2-G 

 
 
Contact information: 
 
Nikola PETROVIĆ, Assistant Professor  
University of Niš, Faculty of Mechanical Engineering, 
Aleksandra Medvedeva 14, 18106, Niš, Serbia 
E-mail: petrovic.nikola@masfak.ni.ac.rs 
 
Nebojša BOJOVIĆ, Full Professor 
University of Belgrade, Faculty of Transport and Traffic Engineering 
Vojvode Stepe 305, 11010, Belgrade, Serbia 
E-mail: nb.bojovic@sf.bg.ac.rs 
 
Dragan MARINKOVIĆ, Full Professor 
(Corresponding author) 
University of Niš, 
Faculty of Mechanical Engineering in Niš, 
Aleksandra Medvedeva 14, 18000 Niš, Serbia 
Lecturer and Researcher, 
Department of Structural Analysis, Berlin Institute of Technology, 
Strasse des 17. Juni 135, 10623 Berlin, Germany 
E-mail: dragan.marinkovic@tu-berlin.de 
 
Vesna JOVANOVIĆ, Assistant Professor  
University of Niš, Faculty of Mechanical Engineering, 
Aleksandra Medvedeva 14, 18106, Niš, Serbia 
E-mail: vesna.jovanovic@masfak.ni.ac.rs 
 
Saša MILANOVIĆ, Associate Professor  
University of Niš, Faculty of Mechanical Engineering, 
Aleksandra Medvedeva 14, 18106, Niš, Serbia 
E-mail: sasa.milanovic@masfak.ni.ac.rs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


