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1. 
Definition of the scientific research objects 

 
 
 

1.1. Definition of the subject matter 

 

After obtaining my degree in Transport Engineering (MSC), which subject was the liberalization of the rail 

freight market, I decided to continue my studies, as in my research I had found just a few economic studies in 

this subject. The topic of my dissertation, which was completed at the end of my economics studies, was also 

rail freight transport. In connection with my dissertations, I realised that the research of the rail freight market 

is reasonable and necessary. 

Nowadays the improving of the rail freight’s competitiveness is becoming increasingly important, as the 

European Union has set itself to increase continuously the share of the rail freight market compared to other 

modalities. I considered it appropriate to analyze the Central and Eastern European rail freight market for the 

last few years, as I have not encountered such a diversified study in my literature review. The rail freight 

markets of the selected countries can be well studied, at both macro- and microeconomic levels. I have set a 

target of researching the rail freight market of the Czech Republic, Hungary, Slovakia, Poland and Romania 

from the year before the economic crisis (2008) to 2015. 

 My research provided answers to the questions of how rail freight market is related to each other and which 

attributions are the most characteristic of the given rail freight markets. 

The result of my research points to the context of the rail freight markets, and makes suggestions for making 

them more competitive. The research also takes a view of how the structure of the rail freight market of the 

countries has changed after the liberalization.  

  

1.2. Formulation of research topics  

 

In the course of my research, I examined the changes in the rail freight market of the Czech Republic, Slovakia, 

Hungary, Poland and Romania between 2008 and 2015. I have determined the most characteristic attributes 

of rail freight transport (hereinafter referred to as factors), which can be accurately measured and are also 

available in each market. In my doctoral research, I defined 15 attributes according to the table below. 
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  factor name contraction [unit] 

Competitiveness 1 Biggest Market Player BMP percentege 

Productivity 2 Domestic Traffic DT mill. Tonns 

Productivity 3 Export EX mill. Tonns 

Efficiency 4 
GCI 6 Pillar (6) Goods Market Efficiency GCI6P 

no unit of 
measurement 

Competitiveness 5 
GCI index GCI 

no unit of 
measurement 

Competitiveness 6 
GCI 2. Pillar 2. 03 Quality Of Railway Infr. GCI2P 

no unit of 
measurement 

Productivity 7 Import IM mill. Tonns 

Productivity 8 International (Export+Import+Transit) INT mill. Tonns 

Competitiveness 9 Market Concentration MC percentage 

Competitiveness 10 Number Of Market Players NMP piece 

Efficiency 11 Rail Share From The Total Vol. RS percentage 

Competitiveness 12 Smallest Market Player SMP percentage 

Productivity 13 Total Rail Traffic TRT mill. Tonns 

Efficiency 14 Track Access Fee TAF Euro/ 1000 Tonns 

Productivity 15 Transit Traffic TT mill. Tonns 

 
table 1: Influencing factors applied for rail freight market competitiveness 

 
 

1.3. Overview of the test methods used 

 
In my dissertation I used the following mathematical methods: 

 

1. I used the Herfindhal-Hirsmann Index to examine the structure of the rail freight markets of the 
countries. 

The Herfindalhl-Hirschmann Index (Hirschmann, 1964) shows how concentrated a given market is, so how well the 
share is distributed among the participants. The more consistent is the share of market participants, the smaller the 
HHI, or the lesser participants own the bigger share, the higher the HH Index will be. 

It is formed by the sum of squares of the shares of market participants:  

HHI =∑𝑟𝑖
2

𝑛

𝑖=1

 

where: 

n: number of market players 

ri: the i.participant’ s share.  

The value of the index is between 
1

𝑛
 and 1, or it is usual to replace ri  with the numerical value of the percentages, 

then the upper threshold is 10000, this is more illustrative.   

Based on the HHI, we distinguish three levels of classification for market concentration  

According to the American classification: 

- unconcentrated market: HHI below 1500 
- less concentrated market: HHI between 1500-2500 
- highly concentrated market: HHI above 2500 
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According to the Hungarian classification: 

- unconcentrated market: HHI below 1000 
- less concentrated market: HHI between 1000-1800 
- highly concentrated market: HHI above 1800 

 
An unconcentrated market in the UK, for example, is the gas market, which has a HHI below 1000. 
 

2. I used principal component analysis (PCA analysis) to determine the more detailed 
correlations of the rail freight markets with the help of the R program. 
 
 

In my doctoral research I used a large number of factors (15) and I worked with a larger amount of data, therefore 
I found it expedient to use multivariate analysis. I chose principal component analysis because I aimed to explore 
such relationships that are not trivial. 

Principal component analysis is a procedure commonly used in medicine (Harrou et al, 2015), it has been used 
effectively in many other fields too. According to one recent study, the procedure was used to analyze water 
management in central China. (Li et al, 2019). 

A parallel can be drawn between the diagonalization of the moment of inertia tensor in dynamics and the 
diagonalization of the matrix used during the principal component analysis procedure, but the mechanics and the 
principal component analysis later become sharply separated. 

Although in both cases the goal is to eliminate the off-diagonal (i.e. outside the main diagonal) matrix elements 
(finding the main directions or principal components / main second-order torques), in the case of mechanics it 
means exactly X, Y, Z, axes, (3-dimensional space), while principal component analysis counts according to the 
attribute number in multiple dimensions. 

It is also a common goal to arrange the principal components (or major second-order torques) in non-ascending 
order (monotonic decrease), but while all three major second-order torques are retained in mechanics, in principal 
component analysis only the first few that are relevant (the largest). That is, reduction occurs with little loss of 
information, but at the same time the problem becomes more manageable. 

The stress tensor, deformation tensor, etc. behave similarly in mechanics. These are also symmetric matrices, so 
that all their own values are real and their own vectors are perpendicular in pairs. (The covariance matrix is even 
positive definite, so all its own values will be positive.) 

It is important to note that the principal component analysis procedure does not assume that the population is 
derived from a normal distribution (Ketskeméty l.2018.) That is, it is not necessary for the elements of the original 
data set to come from a normal distribution in order to matrix the empirical correlation coefficients and covariances. 

Therefore, no analysis of the data set resulting from a normal distribution (Of course, it is true that in the case of a 
normally distributed data set, the zero of the covariance or correlation coefficient would imply independence, while 
otherwise it is not certain.) 

In other words: 

If the correlation coefficient between two random quantities is 0 and we know that both are normally distributed, 
then they are certainly independent as well. If, on the other hand, the correlation coefficient is 0, but it is not certain 
(or we do not know for sure) that they are normally distributed, then their independence cannot be decided yet. 

But it also measures the strength and direction / sign of the relationship well if it comes from an abnormal 
distribution. In the case of my doctoral research, it can also be decided visually that the processed data follow a 
normal distribution based on the figures examining the changes in time over 15 properties in the appendix of the 
dissertation. 

In my case, none resemble the Gaussian curve. In addition, since I left only the first few items and none of them 
became zero, they do not affect my results. 

Taking all this into account, surprisingly, even the PCA was not used at all to examine the transport market, including 
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the rail freight market. That is why I chose principal component analysis for my research. 
 

Principal Component Analysis (PCA) is a statistical procedure that uses an orthogonal transformation to convert a 
set of observations of possibly correlated variables into a set of linearly uncorrelated variables which are called 
principal components. Consequently, this method is mainly applicable for complex statistical problems and 
phenomena in which the interdependencies of the factors are subject to analyze and clustering the observation 
entities is also interesting. Moreover, in case of dependencies of factors from background variables can be 
assumed, PCA is highly recommended. This attractive characteristic has led us to consider using PCA for analyzing 
different influencers of rail freight market competitiveness, expecting that these “background variables” will help us 
in more understanding the connections of market competitiveness.  
 
The goal of the method is generally (Szelényi, L. (2009): 
 

- to uncover correlations (interdependencies) among the variables; 

- to reveal and describe variable groups in mutual interdependence; 

- to find the direction and closeness of relationships within the groups; 

- to seek and discover the common cause behind the groups of variables (principal component or factor); 

- to reduce the number of originally chosen coordinates and to visualize the observations accordingly; 

-  to group the observations, to find the closeness or similarity (recognizing clusters). 

Since the influencing factors of rail freight competitiveness has not been tested by PCA yet, all general points are 
interesting for us, including cluster recognition for Central-Europian countries, in which all markets are liberalized 
from 2008 but their development is evidently very different. 
Being a less applied methodology in transportation economics field in the following we introduce PCA step by step 
with explanation for each phase. 
 
 Phase 1. Constructing and standardizing the extended raw data matrix of the problem. 

Let us suppose that we have n entities (𝑀1, … ,𝑀𝑛) characterized by p variables (𝑋1, … , 𝑋𝑝) for each entity. Based 

on this an X matrix can be constructed in which 𝑥𝑖𝑗 denotes the i-th value of the sample (entity) for the j-th variable. 

This can be extended by the arithmetic means and standard deviations of each variable. Note that the final objective 
of PCA is substituting 𝑋1, … , 𝑋𝑝by the principal components 𝐶1, … , 𝐶𝑝and reduce the p dimensions by selecting the 

principal components with the highest explanation powers (of variance) and omitting the rest.  
 

However, these variables and values are not directly comparable e.g. due to the different unit of measure. From 
procedural point of view, we also need to make these variables dimensionless. For these two reasons, the values 
have to be standardized. Standardization is performed by first subtracting the mean from each value of the variable. 
The differences are then divided by the standard deviation of the values in question, as shown by the expression: 

 

j

jij

ij
s

xx
z

−
=   

It is easy to prove that by standardization all means of standardized variables 𝑍𝑗 will be 0 and all the standard 

deviations will be equal to 1. 
 
Since one of the main objectives of PCA is determining the correlations of the variables, covariance has to be 
introduced. For the raw, observational data the covariance of the e.g. j-th and l-th variable is: 


=

−−=
n

i

liljijjl xxxx
n

s
1

))((
1

 

In general, the strength of interrelation between two variables or between the properties of a particular phenomenon 
represented by these two data is expressed by the correlation coefficient: 

lj

jl

jl
ss

s
r =  

 
where           0 ≤ │rjl│ ≤ 1. 

 
The closer the absolute value of rjl lies to unity, the stronger the linear relationship that exists between the two 
variables. This is the basis behind formulating the model through linear functions. The correlation coefficients can 
be arranged in a correlation matrix: 
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Accordingly, the correlation matrix can be written using the following equation: 

 

ZZR
T

n

1
=  

The R matrix for the standardized variables will be the basis of conducting principle components determination. 
 
 
Phase 2. Determining the principle components. 

The objective of this step is to find 𝐶1, … , 𝐶𝑝principle components for which the following is verified: 
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That means that all standardized variables can be constructed by the linear combinations of the principal 
components. It also can be proven that the principal component weight (loading) ajk is just equal to the correlation 
coefficient providing the strength of relationship between the jth (Zj) observational variable and the kth (Ck) principal 
component (main factor), i.e.:        

jkcz ar
kj
=  

 
The task now is to find the principal components fulfilling the following criteria: 
 

1. they are linearly dependent on the observational variables (linear combination); 

2. they are uncorrelated; 

3. the sum of squares of the coefficients (loadings) per component totals unity; 

4. the standard deviation of the components is monotonically decreasing (the spread of the first 

component being the largest one). 
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Figure 1. demonstrates the required transformation graphically just for one point (𝑀𝑖) of the raw data. X denotes 
the raw variables, Z the standardized variables, B is the matrix for the principal component coordinates and C is 
the matrix for standardized principle coordinates.  
 

(𝐶1,𝐶2) 
 

 
Figure 1. Transformations of two raw data variables (𝑋1, 𝑋2) to two principal components (𝐶1,𝐶2) 

Source: Szelényi 2019 
 

 

Phase 2.a. First the unstandardized principal component coordinates have to be constructed. (We demonstrate 
this calculation also for two variables) 

 
 For this, the 𝐵1 , 𝐵2 coordinate system, let us denote the basic unit vectors 𝐮𝟏 and 𝐮𝟐 so their absolute value 

equals one. The original entity point 𝑀𝑖has to be pointed by the vector v. This vector can be written as [Li, Y., 
Wang, N. & Carroll, R. J. (2013)]: 
 

2211 uuv ii bb +=  (6) 

 
The unit vectors have coordinates in the 𝑍1, 𝑍2 standardized space as 
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Based on this, the transformation matrix U can be constructed. 
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Thus the standardized z coordinates can be compiled as 
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The relation between the standardized variables and principal component variables is: 
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(unstandardized) principal components 𝐵1 , … , 𝐵𝑝 are: 

 
Ru = λu   

 
the eigenvalues of the correlation matrix; whereas, the unit vectors, indicating the directions of the axes, are the 
normalized eigenvectors. We determine the eigenvalues in a monotonically decreasing order [d’Ovidio, F. D.,et al 
2014)], so that the eigenvalue of the 𝐵1component will be the largest, and 𝐵𝑝will be the smallest among them. 

 
Phase 2.b. Standardizing the principal components 

 
In this step A matrix is constructed by multiplying each column of the U matrix by the standard deviation of the 
appropriate principal component variables. 

𝑎𝑗𝑘 = 𝑢𝑗𝑘√λ𝑘   

 
By using A and the variance-covariance matrix V, the final, standardized principle component matrix C for all entities 
𝑀𝑛 can be written as 

𝑐𝑖𝑘=
𝑏𝑖𝑘

√λ𝑘
    

 
 
 
 

The matrix C for the standardized principal component scores 
 

 
1C  2C   

kC   
pC  

 
1c  2c   

kc   
pc  

1M  11c  12c   
kc1   

pc1  

2M  21c  22c   
kc2   

pc2  

            

iM  1ic  2ic   
ikc   

ipc  

            

nM  1nc  2nc   
nkc   

npc  

mean 0 0  0  0 
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2. 

Presentation of the scientific results achieved 
 

 
 
2.1. Thesis I. 

 
There are background variables that, on the one hand, explain a large percentage the variance of the 
variables used, and, on the other hand, that create a space, where both the observation units and the 
variables can be interpreted. 
 
As similar scientific research had not yet been carried out at the examination of the rail freight markets, especially 
for several countries, it did not seem at all certain that a correlation could be established between the countries 
studied and the characteristics examined. 
Therefore, from the point of view of the research, the result of the principal component analysis has proved 
successful, as the analysis was not only feasible, but also successful; the two principal components, i.e., the 
background variable, adequately explained the variance. I have interpretable results that can be used to improve 
the competitiveness of rail freight markets. 
  
 

 
 

Figure 2: Influencing factors and entities in the space generated by the selected principal components
  

The figure above explains the factors that include the rail freight characteristics of the given groups in an integrated 
way. The names of the factors are included in Table 1. 
 
 
 
The practical utility of the scientific conclusion:  
 
I found from the selected attributes the most characteristic ones for each market, by changing which I can change 
the rail freight markets. I have found that markets are not necessarily the same. 
 
The application of the PCA has made it possible to identify the critical influencing factors of each rail freight market. 
On this basis both strategically and operationally effective measures can be taken. The strategic aspect can provide 
lessons principally for managing and decision-making authorities, while operational conclusions can be useful for 
freight companies in the market. 
 
My publications related to the thesis: 
 
Duleba, S.; Farkas, B. Principal Component Analysis of the Potential for Increased Rail Competitiveness in East-
Central Europe. Sustainability 2019, 11, 4181.  

 
IF 2.592 (2018);5-Year Impact Factor: 2.801 (2018) 
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A vasúti árufuvarozás versenyképességének vizsgálata 
HADTUDOMÁNYI SZEMLE 9 : 4. pp. 77-89. , 12 p. (2016)  
 

A szórt kocsis árufuvarozás liberalizációjának akadályai 
HADTUDOMÁNYI SZEMLE 9 : 1 pp. 431-435. , 5 p. (2016)  
 

A szétválasztás szerepe a vasúti liberalizációban 
LOGISZTIKAI TRENDEK ÉS LEGJOBB GYAKORLATOK 2 : 1 pp. 20-23. , 3 p. (2016)  

 

THE ANALYSIS OF RAIL INFRASTRUCTURE BASED ON THE FUNCTION OF HUMAN PERIPHERAL 

CIRCULATION 
HORIZONS OF RAILWAY TRANSPORT 1 : 1 pp. 70-78. , 8 p. (2016)  

 
 
2.2. Thesis II. 

 
It can be stated that there is a multiple correlation between the characteristic competitiveness factors of 
the rail freight market, which relationships are not trivial, the factors can be clustered and typified. 
 
 
To explore non-trivial relationships, I used the principal component analysis method, which is rarely used in 
transport economics, however it can also bring indirect relationships to the surface. Using the formulas described 
in the methodological section, I performed the steps of determining the main components. 
In the studied problem, the 15 influencing factors are replaced by 15 main components, however, due to the 
reduction of sizes, only the main components remain in the model, which explains the dominant part of the total 

variance. (This can be achieved by determining the eigenvalues because it can be proved that the standard 
deviation of the main components is equal to the square root of the eigenvalues.) After calculating the non-
standardized and then the standardized main components, I obtained the following results.  
 

 PC 1 (dimension) PC 2 (dimension) PC 3 (dimension) PC 4 (dimension) PC 5 (dimension) PC 6 (dimension) 

Standard deviation 2,4760 2,2017 1,3165 1,08410 0,84645 0,74912 

Variance of deviaton 0,3832 0,3030 0,1083 0,07346 0,04478 0,03507 

Cumulative ratio 0,3832 0,6861 0,7944 0,86790 0,91268 0,94775 

 PC 7 (dimension) PC 8 (dimension) PC 9 (dimension) PC 10 (dimension) PC 11 (dimension) PC 12 (dimension) 

Standard deviation 0,54208 0,44923 0,35808 0,2829 0,25118 0,18099 

Variance of deviaton 0,01837 0,01261 0,00801 0,0050 0,00394 0,00205 

Cumulative ratio 0,96612 0,97873 0,98675 0,9918 0,99569 0,99774 

 PC 13 (dimension) PC 14 (dimension) PC 15 (dimension)    

Standard deviation 0,16554 0,09359 3,095e-16    

Variance of deviaton 0,00171 0,00055 0,000e+00    

Cumulative ratio 0,99945 1,000000 1,000e+00    

 
 

Figure 3: Order of the calculated principal components and their explanation of variance 
 

https://m2.mtmt.hu/gui2/?mode=browse&params=publication;3361615
https://m2.mtmt.hu/gui2/?mode=browse&params=publication;3361616
https://m2.mtmt.hu/gui2/?mode=browse&params=publication;3361792
https://m2.mtmt.hu/gui2/?mode=browse&params=publication;3382025
https://m2.mtmt.hu/gui2/?mode=browse&params=publication;3382025
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The figure shows that the first two principal components explain 69% of the total variance, so their selection may 
be sufficient for analysis (the requirement of at least two-thirds follows from the mathematical rule of thumb.) 
Therefore, the space generated by PC1 and PC2 (which is the rotated and projected space compared to the original 
15-dimensional space of the raw variables) is suitable for describing the relationships between influencing factors 
and observation units. The following figure shows the position of the 15 influencing factor in this two-dimensional 
space. 

 

 
 

Figure 4: Influencing factors and entities in the space generated by the selected principal components 
 
From the figure can be clearly seen the groups of factors, which clearly show that there are non-trivial relationships 
between the factors, and that the factors can also be typified and clustered. Thus, my second hypothesis can be 
considered supported. 
 
The practical utility of the scientific conclusion: 
 
The procedure is applicable to the rail freight market of any country. 
 
My publications related to the thesis:  

 

Duleba, S.; Farkas, B. Principal Component Analysis of the Potential for Increased Rail Competitiveness in East-
Central Europe. Sustainability 2019, 11, 4181.  
 
IF 2.592 (2018);5-Year Impact Factor: 2.801 (2018) 
 
 
2.3. Thesis III: 
 
 
There is a connection between the observation units (freight markets in a given country) and the 
connections can be used to form groups. 
 
 
With the help of the principal component analysis used for the previous thesis, I examined the given observation 
units (the countries.)  One point represents one year of a given country, so in our case the rail freight market of a 
country consists of 8 points, as the research covers 8 years. During the principal component analysis study, I 
obtained the following locations in the space generated by PC1 and PC2. 
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Figure 5: Positions of data by countries in the principal component space 

 
It is clear from the figure above that the rail freight markets can be grouped. Thus, my third hypothesis can be 
supported. 
 
The practical utility of the scientific conclusion: 
 
The liberalized rail freight markets can be compared and grouped according to the characteristics examined. That 
is, the example of one market can be applied to another freight market belonging to the same group.  
 
 
My publications related to the thesis: 
 
Increasing Competitiveness in a Liberalised Rail Freight Market the Hungarian Case 
TRANSYLVANIAN REVIEW 26 : 24 pp. 6369-6377. , 8 p. (2018)  
 
IF: 0.034 
 
 
2.4. Thesis IV:  
 
The results show that the timing of liberalization does not determine the characteristics of certain rail 
freight market. 
 
The rail freight market of the countries examined in the research can be divided into two parts according to the 
terms of liberalization, we can talk about the markets that were liberalized earlier and later. According to my 
hypothesis the trade processes could have started earlier in the previously liberalized markets, so the number of 
market participants could have steadily increased there, as opposed to the markets that opened later in time. 
Therefore, I assume that the importance of trade-related traffic has also increased, so the most characteristic factors 
of the rail freight market are export, import, transit traffic. The principal component analysis also helped my proof, 
the results are proved by the figure presented earlier.  
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Figure 6: Influencing factors and entities in the space generated by the selected principal components 

 
The practical utility of the scientific conclusion: 
 
The figure above shows that the Czech Republic, Poland and Romania can be characterized by completely different 
attributes than I assumed, so it can be stated that the timing of the start of liberalization is unrelated to market 
characteristics. Based on the results, it is not the date of liberalization that determines the characteristics of each 
rail freight market. Thus, this hypothesis is rejected.  
 
 
My publications related to the thesis: 
 
Duleba, S.; Farkas, B. Principal Component Analysis of the Potential for Increased Rail Competitiveness in East-
Central Europe. Sustainability 2019, 11, 4181.  

 
IF 2.592 (2018);5-Year Impact Factor: 2.801 (2018) 
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REBALANCING HUNGARY’S ECONOMY BY RAIL FREIGHT 
HORIZONS OF RAILWAY TRANSPORT 1 : 1 pp. 70-78. , 8 p. (2015)  
 
 
2.5. Thesis V:  
 
The Romanian rail freight market is completely different from all the rail freight markets I have examined. 
The Romanian freight market is not characterized by any of the examined characteristics. 
 
 
In my opinion, the larger the area and coverage of a railway, the more economical the operation. In addition to 
economical operation, another argument is that the two countries mentioned in my dissertation (Romania, Poland) 
have maritime connections, which has paramount importance from the railway point of view, as the endpoints of 
railway networks are always connected to a seaport. Taking all this into account, the internal market of the country 
raised in the hypothesis is already very important by its territory. An example is Poland's mining industry. Similarly, 
agriculture plays a significant role in Romania. Consequently, rail freight transport is decisive for the country's 
competitiveness, so in my opinion, the competitiveness factors as well as the total amount of rail transported are 
typical for the two countries. 
 
 
The practical utility of the scientific conclusion: 
 
During the principal component analysis procedure I discovered very surprising results. The rail freight markets of 
Romania and Poland are not comparable in terms of the comparison mentioned in my hypothesis. It is true that 
domestic traffic, as well as total rail freight, is typical of the Polish market, but surprisingly, the Romanian freight 
market is not characterized by any of the characteristics I have examined. 
 
My publications related to the thesis: 
 
Increasing Competitiveness in a Liberalised Rail Freight Market the Hungarian Case 
TRANSYLVANIAN REVIEW 26 : 24 pp. 6369-6377. , 8 p. (2018)  
 
Impact Factor: 0.034 
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2.6. Thesis VI:  
 
Smaller rail freight markets are characterized by transit traffic (TT) and the level of track access charges 
(TAF). 
 
 
I hypothesize that the rail freight market of smaller countries is less characterized by domestic rail transport, as it is 
not large enough in terms of territory, and the smaller countries do not have an industry that makes rail freight 
activity particularly important. Consequently, such smaller countries will be characterized by transit traffic. 
In transit traffic, especially in Central and Eastern Europe, the most important influencing factor may also be the 
track access fee. Therefore, in my opinion, in the case of smaller countries, the two characteristics mentioned above 
play a key role. In the previous principal component analysis, it was proved that the rail freight markets of the Czech 
Republic, Slovakia and Hungary are characterized by transit traffic and the level of track access charges. 
 
The practical utility of the scientific conclusion:  
 
In the case of the Czech Republic, Hungary and Slovakia, it would be worthwhile to change the value of the track 
access fee, typically to reduce it in order to bring even more transit traffic to the given country, thus increasing the 
size of the country's rail freight market.  
 
My publications related to the thesis: 
 
Duleba, S.; Farkas, B. Principal Component Analysis of the Potential for Increased Rail Competitiveness in East-
Central Europe. Sustainability 2019, 11, 4181.  
 
IF 2.592 (2018);5-Year Impact Factor: 2.801 (2018) 
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