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Study of Railway Passenger Transport in the European Union 
 

Svetla STOILOVA 
 

Abstract: This paper examine the development of railway passenger transport in the European Union countries by using criteria related to the transportation process and 
the level of economic development of the countries. The study proposes a methodology based on the combination of multicriteria methods. In the first step we determine 
the indicators to be used in evaluating railway passenger development. As main criteria of the assessment we have chosen social and economic factors, infrastructure 
factors, factors associated with travel and technological factors. In the second step, using the Fuzzy AHP method, the weights of the criteria and sub-criteria have been 
calculated. In the third step, we have rated the studied countries by means of the PROMETHEE method. The results show that the factors associated with travel and 
technological factors have great importance in the ranking of the countries and that, when all factors are taken into account, the countries with the most highly developed 
railway passenger transport are Germany, Britain and France. The results of the method in the fourth step were compared by applying Cluster analysis. The railway 
passenger transport in European Union countries have been classified into 5 groups. 
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1 INTRODUCTION 
 

The study of the development of railways in different 
countries of the European Union is essential for transport 
policy at both national and international level. The 
development of passenger transport by rail is dependent 
on the economic, technical, technological, infrastructural 
and financial state of transport companies and the 
countries. The classification of rail passenger transport 
can be done in terms of one or more indicators, such as 
the number of passengers, passenger kilometres, trains 
kilometres, transport costs and other indicators. Each 
classification could serve different purposes and it is 
important for the development of railway passenger 
market as an attractive mode for transportation. The 
classification can contribute to strategic planning, 
regulation measures, guidance for investment and 
management, and the quality of transportation. 

European railway transport development is monitored 
by different institutions such as the European 
Commission [1], the Independent Regulators’ Group – 
Rail [2] and the International Union of Railways [3]. 
Eurostat, the statistical office of the European Union, 
annually monitors various indicators of the development 
of railway transport. Its task is to provide the European 
Union with statistics at European level that enable 
comparisons between countries and regions.  

The main aims of passenger transportation by rail are 
related to an increase in mobility, a decrease in the time it 
takes to travel and in transportation expenses, 
improvement of reliability and the number of transported 
passengers. 

The purpose of the researches of the authors in the 
field of railway passenger development is to provide a 
measure of productivity in the railways, to justify a 
system of regulation for railway effectiveness, to analyse 
the factors for technical change in different companies.  
The mathematical models which have been applied are 
pricing models [4, 5], cost function [6, 7], distance 
functions [8, 9], Malmquist productivity model [10], non-
parametric frontier model, data envelopment analysis [11-
14], regression analysis by quadratic function and 

requirement function [15], analysis by operational and 
technical indicators [14]. 

Fraszczyk et al. [16] compared the statistical data on 
various passenger-related parameters of the railway 
system in a number of selected European countries and 
drew conclusions on the level of their performance. 

Stamos et al. [17] conducted a clustering of reported 
measures in content structures (e.g. technical options, 
organizational and decision making structures, etc.) and 
assessed them in terms of their contribution to the 
enhancement of rail transport and focusing on South East 
Europe. Aifandopoulou et al. [18] investigated three 
fundamental transport modes for long-distance travel e 
Rail, Air and Road in Southeast Europe countries by 
modal split model.  

Cantos et al. [10] studied the development of the 
efficiency of the 17 railway companies in Europe for the 
period between 1970 and 1995. The results indicate that 
railway companies in Spain (RENFE), Denmark (DSB), 
Belgium (SNCB), Finland (VR) and Austria (OBB) have 
made steady progress in comparison with the other 
railway companies. Cantos et al. [11] analysed the cost 
and revenue inefficiencies using data envelopment 
analysis model for 17 European railway companies. The 
authors determined that companies like the Swedish SJ, 
the Dutch NS, or the French SNCF showed very good 
performance in terms of both revenue and costs.  

Loizides and Tsionas [6] developed a model, which 
aims to present the cost structure of 10 European railways 
over a period of time between 1970 and 1992 and, which 
is based on a general index of technical change. The 
rankings that are made by the authors are as follows: the 
most productive country is Germany, followed by the 
United Kingdom, Belgium, France, Italy, Netherlands, 
Greece, Denmark, Luxembourg and Portugal. 

Justo and Suarez [15] presented a method of 
quantifying the efficiency level of European railway 
companies using a sample of 19 firms in the timeframe 
1965 to 1998. The research estimates the requirements 
function and the quadratic function. Both functions 
examine the following indicators: passengers, freight, 
kilometres of lines, the percentage of electrification and 
the percentage of kilometres of double line. The two 
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functions have similar results. A ranking of the studied 
administrations is made using these factors. The research 
indicates that the most highly developed railway 
companies, in terms of both these factors, are those in 
Austria, Italy and Germany. 

Kutlar et al. [11] studied 31 railway companies that 
provide passenger and freight services around the world. 
The data covers a period of 10 years from 2000 to 2009. 
The study employs the data envelopment analysis method 
and Tobit regression to determine efficiency. The model 
uses six input variables: total annual costs of operation; 
average annual number of employees; total length of the 
main line in kilometres; the total number of traction 
vehicles; the total number of passenger cars; the total 
number of cargo cars, and five output ones such as the 
annual total revenues earned; total number of passengers 
transported, total number of passengers per kilometre; 
total cargo tonne transported; total cargo tonne per 
kilometre transported. The results show that SNCF from 
France, JR from Japan, CFL from Luxemburg, and FGC 
from Spain operate productively in a stable way. 

Coelli and Parelman [8] examine the development of 
17 European railway companies by analysing annual data 
for a six-year period from 1988 to 1993 and using the 
method of distance functions. The model is defined by 
staff level, the total of the distances each passenger 
travelled and by tonnes of freight, the total number of 
available freight wagons, transportation capacity, total 
revenues from passenger and freight transportation. The 
results indicate that the technical efficiency level of 
European railways ranges from 0.784 for Italy to 0.980 
for the Netherlands. 

Arrigo, Di Foggia [19, 20] examined the State aid for 
rail transport as a factor for railway development. The 
authors studied some European countries – Sweden, 
Britain, Italy, France, Germany and found out that the 
total revenue from the rail passenger market and public 
subsidies affects train kilometres which explain the 
development of the railway sector, as is the case in Italy.   

Yu [14] did research on 40 global railway companies 
located in Asia (6), Western Europe (14), Eastern Europe 
(15), and Africa (5) for the year 2002 by using traditional 
data development analysis and network data development 
analysis. The results show that European countries such 
as Germany, Italy, Austria, Netherlands, Spain, Norway, 
and Switzerland are technically efficient. 

Studies by Wetzel [5, 21] provide an analysis of the 
development of the factor of productivity using data from 
31 railway companies in 22 European countries covering 
the years from 1990 to 2005. This indicator includes 
technical change, technical efficiency change, and scale 
effects. Cantos, Maudos [5] and Loizides, Tsionas [6] 
have also found out that improvements in rail technology 
are a key driver of productivity growth in the railway 
transport sector. 

Vesković et al. [22] studied the level of evaluation 
railway passenger market liberalization in European 
countries using a model based on the theory of fuzzy sets. 
The criteria for evaluating the reform of the railway 
system are new regulations on railway, organizational 
form, management structure, market competition and 
privatization, the obligation of public transport, adaptation 
to changes, commercial business processes. The results 

determine three railway reform grades – high (10 
countries), medium (5 countries) and low (4 countries). 

The level of railway reforms in European Union 
countries is investigated also in [23].The experience in the 
major European countries, such as the United Kingdom, 
Germany, France, Italy, Spain and Sweden is given in 
[24]. 

The results of these studies can be summarised as 
follows: The classifications of railway market aim to deal 
with the following problems: transport problems related 
to improving the competitive position of the railway 
transport with regard to other modes of transportation; 
infrastructural problems - rehabilitation and development 
of the railway lines and stations; technical problems – 
improving the technical level of rolling stocks; integrated 
problems concerned with the evolution of the productivity 
of the railways.  

All these studies show that the most important factors 
defining the development of rail transport are: gross 
domestic product as a factor at the economic level, rail 
transport costs, which are influenced by productivity and 
efficiency improvements and the quality of rail services, 
operational efficiency and productivity of rolling stock.   

The aim of this research is to study the development 
of rail passenger transport in the European Union 
countries by ranking the countries using different factors 
affecting their development. The establishment of a basic 
categorisation of national rail passenger systems for the 
purpose of the current analysis aims to inform about their 
level of development. The development of passenger rail 
transport affects tourism and business travel, economic 
development of both individual countries and the 
European Union. Thus, a general assessment of the degree 
of development of railway passenger transport can be 
made and a suitable method for this is Multi-criteria 
analysis.   

The novel contribution of this paper is, on the one 
hand, that it outlines criteria for evaluating the 
development of railway passenger transportation and, on 
the other hand, that it produces a rating scale of the 
European Union countries. 

The object of this research is passenger railway 
transport in 28 European Union countries. The 
methodology of the study includes: determining the 
indicators for examining the level of development of 
passenger railway transport; applying a combination of 
multicriteria methods in order to determine the rating of 
the studied countries, verification and sensitivity analysis 
of the results. 
 
2 METHODOLOGY 
 

The methodology includes several steps. In the first 
step, we specify the indicators used to assess railway 
passenger development. In the second step, using the 
Fuzzy Analytic Hierarchy Process (FAHP) method, we 
calculate the weights of the criteria and sub-criteria. In the 
third step, a ranking of the studied countries is made using 
the PROMETHEE method. In the fourth step the obtained 
results have been verified by applying the Cluster analysis 
method in order to classify the countries and to make a 
comparison of results.  
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2.1  Factors for Classification 
 

Railway passenger development is evaluated 
according to the four groups of main criteria: social and 
economic factors; infrastructure factors; factors associated 
with travel; technological factors. For each of these 
criteria the following sub-criteria have been determined: 
F1 - Social and economic factors. These factors indicate 
the economic level of the countries. In this group the 
following sub-criteria have been studied: 
f11 - Gross domestic product (GDP), billion euro/year. 
This is an indicator of the economic development of a 
country, as well as a gauge of a country's standard of 
living. 
f12 - Gross domestic product per (PPP), euro/year. This 
indicator shows the level of the economic development of 
the countries and can be used to compare one country to 
another.  
f13 - Infrastructure charges, euro/train km. Railway 
undertakings pay infrastructure charges infrastructure 
managers for the use of rail infrastructure. The amount of 
infrastructure charges is an indicator of the economic 
level of railway transport and the maintenance of railway 
infrastructure. 
F2 - Infrastructure factors. These factors show the level of 
infrastructure development of railway lines. The sub-
criteria for this main group are: 
f21 - Length of the railway network, km. This factor 
includes the length of all routes available for passenger 
traffic on the network. 
f22 - Coefficient of electrified railways. This indicator is 
calculated by dividing the length of electrified railways by 
the total length of railway network. It is a measure of the 
development of railway transport. 
f23 - Density of the railway network, km/km2. This 
indicator presents the degree of development of railway 
transport. It shows how many kilometres of railway 
network there are in an area of one square kilometre. 
f24 - Availability of high-speed service. High-speed trains 
operate (almost always) in dedicated infrastructure and 
generally stop only in sizeable urban agglomerations. This 
indicator can take values 0 or 1.  f24 = 1 if the country has 
a high-speed railway service. f24 = 0, otherwise. 
f25 - Number of junction stations. These are big stations – 
transport centers, where passengers change trains and 
catch a train for another destination. 
F3 - Factors associated with travel. They present the level 
of usage of railway transport by passengers. In this main 
group the following sub-criteria are included: 
f31 - Number of passengers per year, thousands pass./year. 
Passengers travelling by long-distance conventional train 
services (e.g. Intercity), which often require seat 
reservation, medium-distance/regional train services and 
suburban/commuter train services. 
f32 - Number of passenger-kilometres per year, millions 
pass.km/year. This factor shows the availability of 
railway transport for passengers. 
f33 - Flexibility of travel. This indicator is calculated by 
dividing the number of passengers per year by the number 
of residents. It shows the degree of usage of railway 
passenger transport.  
f34 - Average distance travelled per resident, km. This 
indicator is calculated by dividing the total passenger km 
per year by the number of residents. It shows the average 
distance travelled by railway passengers. 

f35 - Intensity of day trips, pass./km. This indicator shows 
the number of passengers per day for a kilometre of the 
railway network.  
F4 - Technological factors. These factors indicate the 
operational efficiency and the quality of rail passenger 
services. The sub-criteria that have been included in this 
group are: 
f41 - Number of passenger train kilometres per year, 
thousands pass.km/year. Train-kilometres refer to the 
distance actually covered by the train. It is an indication 
of how the rail network is being used in the national 
passenger market. 
f42 - Passenger network usage intensity. The passenger 
network usage intensity is calculated by dividing the 
passenger train km per day by the length of railway 
network in order to obtain the average number of trains 
per route kilometre per day. This shows the intensity with 
which the passenger market uses the rail network. 
f43 - Average number of passengers per train. This 
indicator is calculated by dividing the number of 
passenger kilometres by the number of train-kilometres. It 
presents the number of passengers by train and it is a 
measure of operational efficiency.  
f44 - Intensity of incident. This coefficient is calculated by 
dividing the passenger network usage intensity by the 
number of incidents for passenger trains per day. It is a 
measure of safety and security in railway transport. 
 
2.2 Fuzzy Analytic Hierarchy Process (FAHP) 
 

The study uses the FAHP methodology to determine 
the weights of the criteria and sub-criteria. This method 
has been designed for decision making and for selecting 
the best alternatives by integrating the concept of fuzzy 
set theory and hierarchical structure analysis. In this 
method the decision maker gives interval judgements as 
opposed to analytic hierarchy process (AHP) method 
where only estimation is given. This research uses 
Chang’s extent approach to FAHP [25] for evaluation, 
which uses a pair-wise comparison scale based on 
triangular fuzzy numbers and the method of extent 
analysis. FAHP method is applied also in [26-29].  This 
method is relatively easier than other FAHPs and can be 
presented in several steps.  
• Stage 1. Define the problem, the overall goal that has 
to be attained, criteria, sub-criteria, if necessary 
alternatives too. Define the hierarchy structure from the 
top level through the intermediate levels, which contain 
the criteria and sub-criteria, to the lowest level, which is 
related to the alternatives.  
• Stage 2.  Utilization of triangular fuzzy numbers for 
pairwise comparison using the FAHP scale presented in 
Tab. 1. The fuzzy evaluation matrix of the criteria is 
constructed through the pairwise comparison of different 
attributes relevant to the overall objective using the 
linguistic variables and triangular fuzzy numbers.   

The elements of the triangular fuzzy comparison 
matrix ,( )ij n na=A    for i, j = 1, …, n; i ≠ j are calculated 
by the following equations: 
 

1 1 1 1( , , ) , , ,ij ij ij ij
ij ij ij ij

a l m u
a u m l

 
= = =   

 




                           (1) 
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Table 1 Triangular fuzzy scale 

Linguistic scale for importance Fuzzy 
number 

Triangular fuzzy scale 
(l, m, u) 

Just equal  1 (1,1,1) 
Equally important 1 (1,1,3) 
Weakly important 3 (1,3,5) 
Essential or Strongly important 5 (3,5,7) 
Very strongly important 7 (5,7,9) 
Extremely preferred 9 (7,9,9) 
Reciprocal value   (1/u, 1/m, 1/l) 

 
• Stage 3. In this stage the extent analysis is made 
using the extent analysis method in order to obtain 
priority weights by using synthetic extent values.  
According to Chang [25], let X = {x1, x2, …, xn} be an 
object set, and G = {g1, g2, …, gm} be a goal set. Based on 
Chang‘s extent analysis, each object is taken and the 
extent analysis of each goal, gi is performed individually. 
The m extent analysis values of each object can be 
obtained, with the following signs 1 ,giM 2 ,giM ..., ,m

giM (i 

= 1, 2, ..., n, j = 1, 2, ..., m) where all the ,j
gi

M are 

triangular fuzzy numbers. They are the least possible 
value (l), the most possible value (m), and the largest 
possible value (u). 

The extent analysis can be expressed as follows, [25]: 
• Step 1: Determining any matrix relative weight. 
The value of the fuzzy synthetic extent with respect to the 
i objects is defined as: 
 

1

1 1

1 ,
m

j
i gi n mj j

gi
i j

S M

M=

= =

= ⊗
 
  
 

∑
∑∑

                                          (2) 

To obtain 
1

m
j

gi
j

M
=
∑ (Fuzzy summation of row), fuzzy 

addition operation of m extent analysis values for a 
particular matrix is performed as follows: 
 

1 1 1
, , ,

m m m
j

j j jgi
j j j

M l m u
= = =

 
=   
 
∑ ∑ ∑                               (3) 

 

To obtain 

1 1

1
n m

j
gi

i j
M

= =

 
  
 
∑∑

, fuzzy additional operation of 

j
gi

M is performed such as the summation of the contents 

of the columns. 
 

1 1 1 1 1
, , ,

n m n n n
j

i i igi
i j i i i

M l m u
= = = = =

 
=  
 

∑∑ ∑ ∑ ∑                                     (4) 

 
Then the inverse of the vector in Eq. (4) is computed as 
follows: 
 

1 1 1 1 1

1 1 1 1, , ,n m n n n
j

i i igi
i j i i i

M u m l
= = = = =

=

∑∑ ∑ ∑ ∑
                                   (5) 

 

• Step 2: Making a comparison between two triangular 
fuzzy numbers.  

The degree of possibility of two triangular fuzzy 
numbers M2 and M1 is defined as: 
 

2 2 2 2 1 1 1 1( , , ) ( , , ).M l m u M l m u≥                                    (6) 
 
It can be expressed as follows: 
 

2 1 1 2 1( ) ( ) ( ),M dV M M hgt M M xµ≥ = ∩ =                (7) 
 

2 1 2 1( ) 1 if ,V M M m m≥ = ≥                                           (8) 
 

2 1 1 2( ) 0 if ,V M M l u≥ = ≥                                           (9) 
 

2 1 1 2

1 2

2 2 1 1

( ) ( )

,
( ) ( )

V M M hgt M M
l u d

m u m l

≥ = ∩ =
−

= =
− − −

                                 (10) 

 
where: d is the ordinate of the highest intersection point D 
between μM1 and μM2.  

To compare M1 and M2, both values of V(M1 ≥ M2) 
and V(M2 ≥ M1) are needed. 
• Step 3: Determining the degree of possibility for a 
convex fuzzy number. 

The degree of possibility for a convex fuzzy number 
to be greater than k convex fuzzy numbers Mi (i = 1, 2, 
…, k) can be defined by: 
 

1 2( , ,..., ) min ( ).k iM M M M V M M≥ = ≥                     (11) 
 
Let us assume that the weight vector is given by: 
 
ˆ( ) min ( ),  for 1, 2,..., ,  i i kA V S S k n k i= ≥ = ≠d            (12) 

 
where: Ai are n elements. 

The weight vector is given by the following formula: 
 

( )T1 2
ˆ ˆ ˆˆ ( ), ( ),..., ( ) .nA A A=W d d d                                    (13) 

 
• Step 4: Determination of the normalized weight 
vectors. 
 

( )T1 2( ), ( ),..., ( ) ,nW d A d A d A=                                    (14) 
 
where: W is a non-fuzzy number. 
 After this step the consistency ratio is calculated and 
its value is checked. The consistency ratio is found with 
the following formula: 
 

1,0≤=
RI
CICR ,                                                            (15) 

 
where: CR is the consistency ratio; CI is the consistency 
index; RI  is a random index. The random index is given 
by Saaty, [30].  
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 If the CR  is much greater than 0,1, the judgements 
are unreliable and the pair-wise comparison is valueless 
and it must be repeated. 

The consistency index is:  

1
max

−
−

=
n

nCI λ
,    (16) 

where λmax is the maximum eigenvalue of the priority 
matrix, n is the number of elements in the matrix.  

max
1 1

n n

ij i
i j

a Wλ
= =

  
= ⋅      
∑ ∑ ,    (17) 

1

1

1 .
n ij

i n
j

ij
i

a
W

n a=

=

= ⋅∑
∑

     (18) 

As Eq. (16) and Eq. (17) are applied for the AHP 
method, a few transformations were made to determine 
λmax. The fuzzy matrix A  can be expressed by three 
characteristic crisp matrices ( , , ),l m uA A A=A where: 

, ,( ) ;l ij l n nA a= , ,( ) ;m ij m n nA a= , ,( ) .u ij u n nA a=  The 

elements of the fuzzy matrix A , fuzzy vector W and 
fuzzy eigenvalue are assumed to be triangular fizzy 
numbers, that may be denoted according to Eq. (1) as 

( , , );l m uW W W=W  ( , , ).l m ulll  =λ  The fuzzy eigenvalue 
λl, λm, λu corresponds to the maximum eigenvalue of the 
priority matrix λmax by AHP method. They are determined 
separately using crisp matrices Al, Am, Au and weights Wl, 
Wm, Wu by the Eq. (17) and Eq. (18).   

In this research the eigenvalue is calculated for 
weighted mean method by [29]. The TFN can be 
defuzzied to a crisp number by weight mean method by 
the following equation: 

crisp max
4

.
6

l m uA
lll 

l
+ +

= =     (19) 

2.3  PROMETHEE Method for Ranking Railway Passenger 
Transport in the European Union countries 

 After determining the weights of the criteria the 
PROMETHEE methodology is applied for ranking the 
investigated countries. The weights of the criteria 
determined by means of FAHP are used in the 
PROMETHEE method to estimate the alternatives. This 
method is based on a comparison of pair per pair of 
possible decisions along each criterion. Possible decisions 
are evaluated according to different criteria, which have 
to be maximized or minimized. The use of the 
PROMETHEE method requires two additional types of 
information for each criterion: a weight and a preference 
function. These functions are usually criterion, quasi 
criterion, criterion with linear preference, level criterion, 
criterion with linear preference and indifference area and 
Gaussian criterion. The explanation and mathematical 
calculation steps of the PROMETHEE method are 
summarised below [31]: 

• Step 1: This step computes, for each pair of possible
decisions and for each criterion, the value of the 
preference degree.  
• Step 2: This step consists in aggregating the
preference degrees of all criteria for each pair of possible 
decisions. For each pair of possible decisions, a global 
preference index has to be calculated.  
• Step 3: This step is the first phase in determining the
ranking of the criteria for each of the alternatives. The 
third step concerns the ranking of the possible decisions 
and includes the computing of the outranking flows. For 
each possible decision the positive outranking flow (φ+) 
and the negative outranking flow (φ−) are computed. 
• Step 4: This step is the second phase of determining
the ranking of the criteria for each of the alternatives. The 
outranking flows are used to establish a complete ranking 
between the possible decisions. The net outranking flow φ 
of a possible decision is computed as a difference 
between (φ+) and (φ−). The highest value of the net 
outranking flow shows the best decision. 

3 VERIFICATION WITH CLUSTER ANALYSIS 

To verify the results, the Cluster analysis has been 
determined.   It is a multi-measurable statistical analysis 
for a classification of units into groups by using different 
factors [32]. A method for hierarchical clustering has 
been used in the study. The main advantage of this 
method is that the determination of a unit into a specific 
cluster is definitive. In the paper the Hierarchical 
clustering is performed by the agglomerative method 
Between Groups. For the distance-type measures, the 
Euclidean distance [32] was chosen. The cluster analysis 
has been conducted by using the criteria specified in 2.1. 
The dispersion analysis could be used for an approximate 
evaluation of the clusterisation’s results as well as for 
determining the roles of each variable used for clusters’ 
establishment. The determination of the statistical 
importance of different factors is done by using the F 
criterion (Fisher’s criterion). 

TF F≥ ,           (20) 

where: F is the empirical value of the criterion resulting 
from the dispersion analysis, FT is the theoretical value 
when the level of risk α = 0,05 and the number of degrees 
of freedom, , k1 = m − n ; k2 = n − 1; m is the number of 
countries - 28 , n is the number of examined factors - 17. 
On one hand, the Fisher criterion’s evaluation determines 
which factors are significant for the study, on the other it 
does not dismiss those other factors which are used for 
clusterisation but does not satisfy Eq. (20). 

4 RESULTS AND DISCUSSION 

The described model has been used to assess 
passenger railway development in 28 European countries. 
To determine the values of the criteria and sub-criteria for 
the investigated countries a data base for a ten-year period 
from 2005 to 2014 has been created. The average value 
for each of indices that are shown in Tab. 2 has been 
applied in the research. The United Kingdom is also 
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included in the study because it has been a member in the 
study period. 

Several studies reported findings from AHP with 
different numbers of experts: 20 experts for 43 factors 
[28]; 38 experts for 25 factors [33]; 7 experts for 31 
factors [34].  Increasing the number of experts generally 
leads to increased reliability of expertise. The number of 
experts may be reduced if you select specialists with 
higher competence. 
 In this research the number of experts is 18 
professionals with experience in passenger railway 
transport more than 20 years (six academics and twelve 
railway passenger industry specialists). The experts were 
asked to perform pairwise comparisons of all factors. 

The values of each of the triangular fuzzy numbers 
(the least possible value l, the most possible value m, and 
the largest possible value u) have been determined as 

average values obtained from the estimates made by the 
experts. The pairwise comparison of the main criteria 
presented in Tab. 3, Tab. 4, Tab. 5, Tab. 6 and Tab. 7 
show the pairwise comparison of the sub-criteria. In the 
last columns of the tables are given the local and the 
global weights. 

The local weights are the normalised weights that 
show the weight of each sub-criterion in the respective 
group of the main criterion.  The global weights show the 
priority of all sub-criteria taking into account the weights 
of main criteria. Tab. 3 shows that factors associated with 
travel (F3) have higher priority than the other criteria 
(0,32). From the main group of social and economic 
factors, the gross domestic product sub-criterion has the 
highest priority; with the infrastructure factors the highest 
priority is that of the length of the railway network 
available for passenger traffic.  

Table 2 Values of sub-criteria 
Country f11 f12 f13 f21 f22 f23 f24 f25 f31 f32 f33 f34 f35 f41 f42 f43 f44 

AT 277  36512 3,64 5788 0,88 0,07 yes 35 237218 9312 29 1121 112 150831 71 62 0,0038 
BE 376 34975 5,39 3546 0,84 0,12 yes 16 202387 9568 19 800 156 94046 73 102 0,0021 
BG 35 4692 1,33 4155 0,69 0,04 no 18 30542 2139 4 285 20 30171 20 71 0,0085 
CH 419 54591 3,03 5057 1,00 0,12 yes 14 448101 17699 58 2305 243 210515 114 84 0,0016 
CZ 149 14442 1,33 9589 0,32 0,12 yes 20 174903 6825 17 659 50 154264 44 44 0,0099 
DE 2551 31183 4,99 39307 0,66 0,11 yes 135 2320353 82058 28 1003 162 978728 68 84 0,0238 
DK 242  44025 0,29 3167 0,20 0,07 yes 41 184185 6103 34 1110 159 76502 66 80 0,0010 
EE 15 11708 2,10 1140 0,11 0,03 no 7 4952 244 4 182 12 7600 18 32 0,0064 
ES 1050 23275 2,07 13393 0,61 0,03 yes 99 592752 22062 13 489 121 204653 42 108 0,0059 
FI 185 34808 0,72 5877 0,50 0,02 yes 42 66758 3772 13 709 31 50707 24 74 0,0055 
FR 1974 30825 4,50 30525 0,43 0,05 yes 171 1065601 84570 17 1321 96 495409 44 171 0,0100 
GR 221 19925 1,48 2722 0,05 0,02 no 34 12464 1518 1 137 13 16780 17 90 0,0067 
HR 45 10425 2,05 2723 0,36 0,03 no 16 50059 1396 12 325 50 25440 26 55 0,0063 
HU 99 9892 1,50 7718 0,37 0,08 no 34 145131 8039 14 802 52 102001 36 79 0,0402 
IE 167  38100 4,47 1894 0,06 0,03 no 21 39418 1736 9 397 57 16635 24 104 0,0003 
IT 1596 27167 2,74 16412 0,71 0,05 yes 114 796302 45707 14 778 133 363502 61 126 0,0062 
LT 31 0 9640 4,19 1770 0,07 0,03 no 6 4537 261 1 82 7 14528 22 18 0,0085 
LU 38  76700 1,66 530 0,49 0,20 no 3 16588 319 34 646 86 7519 39 42 0,0001 
LV 19 9033 5,00 2111 0,12 0,03 no 11 23340 826 11 383 30 18318 24 45 0,0053 
NL 615 37300 1,57 2871 0,74 0,07 yes 20 345460 15229 21 923 330 118319 113 129 0,0007 
NO 320 66775 0,60 4028 0,63 0,01 yes 40 58855 2987 12 623 40 43280 29 69 0,0020 
PL 336 8817 2,34 20179 0,59 0,06 yes 41 258429 18065 7 474 35 212262 29 85 0,0756 
PT 175 16642 1,38 2772 0,55 0,03 yes 31 148397 3959 14 377 147 38854 38 102 0,0047 
RO 124 5992 2,21 10855 0,37 0,05 no 76 76331 6409 4 309 19 91846 23 70 0,0321 
SE 359 38875 0,83 11070 0,71 0,03 yes 49 174285 10607 19 1147 43 137661 34 77 0,0055 
SI 32  15742 1,12 1224 0,41 0,06 no 9 15573 717 8 354 35 18705 42 38 0,0022 
SK 63  11650 1,81 3639 0,43 0,07 no 14 15573 2303 9 428 36 45742 34 50 0,0224 
UK 1815 29358 1,62 16035 0,33 0,06 yes 70 1311888 52902 21 856 224 507610 87 104 0,0027 
Austria (AT), Belgium (BE), Bulgaria (BG), Switzerland (CH),  Czech Republic (CZ), Germany (DE), Denmark (DK), Estonia(EE), Spain (ES), 

Finland (FI), France (FR), Greece(GR), Croatia(HR), Hungary (HU), Ireland (IE), Italy(IT), Lithuania (LT), Luxembourg (LU), Latvia (LV), 
Netherlands (NL), Norway (NO), Poland (PL), Portugal (PT), Romania (RO), Sweden (SE), Slovenia (SI), Slovakia (SK), United Kingdom (UK) 

Table 3 Fuzzy evaluation pairwise comparison matrix of the main criteria  
F1 F2 F3 F4 Weight 

l m u l m u l m u l m u 
F1 1 1 1 0,26 0,62 1 0,34 0,60 0,90 0,26 0,62 1 0,15 
F2 1 1,62 3,89 1 1 1 0,21 0,47 0,71 0,36 0,68 0,90 0,24 
F3 1,11 1,67 2,91 1,40 2,14 4,68 1 1 1 1 1,29 2,71 0,32 
F4 1 1,62 3,89 1,11 1,48 2,82 0,37 0,78 1 1 1 1 0,29 

Table 4 Fuzzy evaluation pair-wise comparison of the sub-criteria of main criterion 𝐹𝐹1 
𝐹𝐹1 f11 f12 f13 Weight 

l m u l m u l m u Local Global 
f11 1 1 1 1 1,57 3,29 1 2,14 4,14 0,43 0,07 
f12 0,30 0,64 1 1 1 1 1 1,29 3,29 0,33 0,05 
f13 0,24 0,47 1,00 0,30 0,78 1 1 1,00 1,00 0,22 0,03 

About factors associated with travel, the highest 
priority is the number of passengers per year and with 
technological factors the highest priority is the number of 
passenger train kilometres per year. Taking into account 

all sub-factors it can be seen that the greatest impact has 
the factor about the number of passenger train kilometres 
per year. 
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The value of CR<0,1, for both the main criteria and 
the sub-criteria (all main criteria  0,09; all sub criteria of 
𝐹𝐹1 0,09; all sub criteria of 𝐹𝐹21 0,09; all sub criteria of 
𝐹𝐹3 0,08; all sub criteria of 𝐹𝐹4 0,08). It can be said that 
there is sufficient consistency in the estimates of experts. 

The given results of the weights by the FAHP method 
have been applied for studying the rating of passenger 
railway transport of the European Union countries using 
PROMETHEE method. The research was done with 
Visual PROMETHEE Software. 

Table 5 Fuzzy evaluation pair-wise comparison of the sub-criteria of main criterion 𝐹𝐹2 
𝐹𝐹2 𝑓𝑓21 𝑓𝑓22 𝑓𝑓23 𝑓𝑓24 𝑓𝑓25 Weight 

l m u l m u l m u l m u l m u Local Global 
𝑓𝑓21 1 1 1 1 2,43 4,43 1,57 3,29 5,29 1,29 2,43 4,14 1 1,86 3,29 0,33 0,08 
𝑓𝑓22 0,23 0,41 1 1 1 1 1 1 2,14 0,25 0,6 0,90 1 1 2,14 0,16 0,04 
𝑓𝑓23 0,19 0,30 0,64 0,47 1 1 1 1 1 1 1 2,43 1 1,29 2,71 0,18 0,04 
𝑓𝑓24 0,24 0,41 0,78 1,11 1,67 4,02 0,41 1 1 1 1 1 1 1,86 3,86 0,23 0,06 
𝑓𝑓25 0,30 0,54 1 1 1 0,47 0,37 0,78 1 0,26 0,54 1 1 1 1 0,10 0,02 

Table 6 Fuzzy evaluation pair-wise comparison of the sub-criteria of main criterion 𝐹𝐹3 
𝐹𝐹3 𝑓𝑓31 𝑓𝑓32 𝑓𝑓33 𝑓𝑓34 𝑓𝑓35 Weight 

l m u l m u l m u l m u l m u Local Global 
𝑓𝑓31 1 1 1 1 2,43 4,14 1 2,71 4,71 1,29 3,29 5,29 1,29 2,71 4,71 0,31 0,10 
𝑓𝑓32 0,24 0,41 1 1 1 1 1 1,86 3,57 1 1,86 3,29 1 1,86 3,86 0,24 0,08 
𝑓𝑓33 0,21 0,37 1 0,28 0,54 1 1 1 1 1 1 2,14 1 1,57 2,71 0,18 0,06 
𝑓𝑓34 0,19 0,30 0,78 0,30 0,54 1 0,47 1 1 1 1 1 1 1,57 2,71 0,16 0,05 
𝑓𝑓35 0,21 0,37 0,78 0,26 0,54 1 0,37 0,64 1 0,37 0,64 1 1 1 1 0,11 0,03 

Table 7 Fuzzy evaluation pair-wise comparison of the sub-criteria of main criterion 𝐹𝐹4 
𝐹𝐹4 𝑓𝑓41 𝑓𝑓42 𝑓𝑓43 𝑓𝑓44 Weight 

l m u l m u l m u l m u Local Global 
𝑓𝑓41 1 1 1 1 2,43 3,86 1 2,71 4,71 1,86 3,86 5,86 0,37 0,11 
𝑓𝑓42 0,26 0,41 1 1 1 1 1 1,57 3,00 1 2,14 3,86 0,27 0,08 
𝑓𝑓43 0,21 0,37 1 0,33 0,64 1 1 1 1 1 2,71 4,71 0,25 0,07 
𝑓𝑓44 0,17 0,26 0,54 0,26 0,47 1 0,21 0,37 1 1 1 1 0,11 0,03 

Figure 1 Results of rating using Visual PROMETHEE Software 

Fig. 1 presents the results obtained by means of the 
Visual PROMETEE Software, where the ranking and the 
weights of criteria are illustrated. 

In Tab. 8 is presented the ranking and values of 
outranking flows by PROMETEE Method. 

Table 8 Ranking, outranking flows by PROMETEE Method 
Rank φ 𝜑𝜑+ 𝜑𝜑− Rank φ 𝜑𝜑+ 𝜑𝜑− 

1 DE 0,64 0,74 0,10 15 PT -0,02 0,40 0,42 
2 UK 0,63 0,73 0,10 16 FI -0,03 0,39 0,42 
3 FR 0,60 0,72 0,12 17 NO -0,03 0,40 0,43 
4 IT 0,51 0,67 0,16 18 RO -0,22 0,30 0,52 
5 CH 0,51 0,67 0,16 19 IE -0,31 0,27 0,57 
6 NL 0,43 0,63 0,20 20 SK -0,33 0,25 0,58 
7 ES 0,41 0,61 0,21 21 LU -0,35 0,24 0,59 
8 AT 0,29 0,57 0,28 22 HR -0,40 0,22 0,61 
9 SE 0,29 0,56 0,27 23 BG -0,45 0,19 0,64 

10 BE 0,27 0,56 0,29 24 GR -0,46 0,19 0,64 
11 DK 0,26 0,55 0,29 25 SI -0,49 0,17 0,66 
12 PL 0,20 0,51 0,31 26 LV -0,56 0,14 0,70 
13 CZ 0,11 0,47 0,36 27 EE -0,74 0,05 0,79 
14 HU 0,00 0,42 0,42 28 LT -0,77 0,04 0,81 

The research indicates that the most highly developed 
railway passenger transport, when all factors are taken 
into account, is in Germany, Britain and France. In the 
next group of countries with developed railway passenger 
transport are Italy, Switzerland, Netherlands and Spain. 
From Tab. 8 it can be seen that these seven countries 
have 𝜑𝜑 >0,4. 

These results are similar to the ranking made in [1, 2, 
3, 14, 24], which also place the above mentioned 
countries in the top positions, although the authors 
examined total rail passenger and freight transport.  

A sensitivity analysis has been done to examine the 
sensitivity of results. The sub-criteria: infrastructure 
charges, euro/train.km (up to 3,46 %), the average number 
of passengers per train (up to 8,13 %), the passenger 
network usage intensity (up to 10,03 %) and the average 
distance travelled per resident, km (from 1,67 % to 14,68 
%) have small stability intervals. A great number of the 
criteria have wide intervals of stability (up to 100 %). It 
can be summarised that the sub-criteria of the second 
main group have a waste interval of stability. This is due 
to the already constructed railway networks in the 
European countries. Most of the sub-criteria of the third 
and fourth main groups, which indicate the travel and 
technological level, have small intervals of stability. This 
is due to the stochastic variation of passenger travel. 

The Cluster Analysis has been applied to verify the 
results. Statistical Package for Social Science (SPSS) 
software has been used for carrying out the study with a 
cluster analysis. The dendrogram of the formed clusters 
and their respective elements are shown in Fig. 2. 
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Figure 2 Dendrogram of clusterization (SPSS Software) 

Tab. 9 shows the value of F criterion for the 
examined sub-criteria. The theoretical value of F criterion 
is defined by using standard tables and is FT = 2,49, k1 = 
28−17 = 16, k2 = 17−1 = 16, level of risk α = 0,05.The 
results of F criterion show similar results of impact of 
sub-criteria with results given by FAHP method. 

Table 9 F criterion for sub-criteria 
𝑓𝑓11 𝑓𝑓12 𝑓𝑓13 𝑓𝑓21 𝑓𝑓22 𝑓𝑓23 𝑓𝑓24 𝑓𝑓25 𝑓𝑓31 

99,8 0,2 1,2 20,5 3,4 0,4 3,2 11,4 192,3 
𝑓𝑓32 𝑓𝑓33 𝑓𝑓34 𝑓𝑓35 𝑓𝑓41 𝑓𝑓42 𝑓𝑓43 𝑓𝑓44 

100,1 1,5 2,4 3,9 155,4 4,2 4,8 0,5 

The results of F criterion show that the greatest 
impacts on the classification have the following factors: 
number of passengers per year (𝑓𝑓31), number of passenger 
train kilometers per year (𝑓𝑓41), number of passenger-
kilometres (𝑓𝑓32),, gross domestic product (𝑓𝑓11), billion 
euro/year, length of the railway network, km (𝑓𝑓21). From 
Tab. 4, Tab. 5, Tab. 6, Tab. 7 and Tab. 9 can be seen that 
the results of importance of sub-criteria expressed by 
global weights using the FAHP method and F criterion 
using Cluster analysis are similar. 

The results indicate that railway passengers systems 
of the considered European countries can be classified 
into four groups: 
• 1 group: This cluster contains Germany.
• 2 group: This cluster contains 2 railway passengers

systems –United Kingdom and France.
• 3 group: This cluster contains 4 countries – Italy,

Spain, Netherlands and Switzerland.
• 4 group: This cluster contains 8 countries – Belgium,

Denmark, Czech Republic, Sweden, Hungary,
Portugal, Austria and Poland.

• 5 group: This cluster contains 13 countries – Romania,
Luxemburg, Norway, Finland, Ireland, Slovakia,
Croatia, Bulgaria, Lithuania, Estonia, Latvia, Slovenia
and Greece.
From the dendrogram in Fig. 2 it can be seen that the

first, second and third cluster have a large distance 
between them. The third and fourth cluster has a short 
distance between them, but they are a long distance from 

other clusters. This indicates that the clusters are precisely 
defined. 

Although the Cluster analysis gives a grouping of 
countries, while using multicriteria analysis, a ranking is 
obtained. The research indicates the similar results with 
FAHP and PROMETEE methods. 

5 CONCLUSIONS 

This paper presents a combination of multicriteria 
model for rating railway passenger transport 
development. The factors for the classification have been 
defined. The main groups of criteria are social and 
economic factors, infrastructure factors, factors associated 
with travel and technological factors. The research defines 
17 sub-criteria, which characterise the main criteria. 

The results show that the factors associated with 
travel and technological factors have a great importance 
in ranking of the countries. 

The study produces a classification of 28 countries of 
the European Union using the proposed combination 
multicriteria model. The conducted study showed that the 
most highly developed railway passenger transport, when 
all factors are taken into account, is in Germany, Britain 
and France. 

It was found that the presented model of establishing 
the rating based on multicriteria methods gave similar 
results as the other method of classification, Cluster 
Analysis. Thus the obtained results have been verified. 
The research shows that the passenger railway transport in 
the European Union countries can be classified into 5 
groups. 

The classification could be used for European 
countries to compare the level of development of 
passenger rail transport, and can help railway companies 
in their analysis of the state of transportation and in 
decision-making, in considering the technology for the 
development of railway passenger transport and extending 
their services. 

Further research will be based on the development of 
a model for investigation of all types of transport in the 
studied countries. 
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