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Abstract

Rail Baltica (RB) is the first joint railway project between Latvia, Lithuania and Estonia. The
economic assessment of the project is rather controversial due to the uncertainty of the
revenue side of the project, which, among other things, significantly depends on the level of
fare for passenger transportation along the new railway corridor. In this study, based on the
grouping of European States with already operating HSRs, as well as, the States
participating in the RB project, the author analyzes the impact ofthe economic
environment’s aspects for project implementation on HSR fare for passenger long travel
transportation. The results of the correlation analysis, indicating different sets of
influencing factors in the identified clusters, confirm the conclusions of the study that
objectively existing differences in the level of socio-economic development of European
States have a significant impact on the formation of the HSR fare. With regard to the forecast
fare for passenger transportation along the RB's corridors, it was noted that it is completely
unrelated to salaries in the region, which may make it impossible for the bulk of the
population of the project region to use these HSR services.

Keywords: Correlation analysis; European High-Speed Railways; HSR fare; Rail Baltica.

Introduction fully integrated pan-European network.
Therefore, projects such as Rail Baltica,
Developing a trans-European HSR network aimed  at  improving cross-border
is a stated goal of the European Union. connections, were given priority status.
However, to date, the trans-European HSR
network, according to the European Court The main goal of the Rail Baltica project,
of Auditors (2018), represents a few which forms part of the Trans-European
scattered national projects rather than a Transport Network (TEN-T) projects
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(European Commission (2007), declares
the restoration of direct connection
between the Baltic countries and the
European railway network and
development of regional integration based
on the railway track gauge of 1435 mm.
Currently, in the countries participating in
the project, the railway track gauge is of
1520 mm. Estonia, Lithuania and Latvia
have declared the project one of their
priorities in the development of transport
infrastructure.

The European Commission (2015) expects
that the creation of the TEN-T could create
up to 10 million jobs by 2030 and increase
the GDP of the European Union by 1.8%.

However, the data on an increase in EU
GDP by 1.8% do not provide an
understanding of the changes for each EU
subject as a result of the implementation of
the TEN-T. It is possible that for the
countries  producing  rolling  stock,
infrastructure, services and rail control
segments, GDP and jobs growth will reach
even more significant values, while the
peripheral regions of Europe, after the
construction of HSR projects, will be
forced to redirect taxpayers' funds from
the implementation of social or educational
programs to maintenance of the
infrastructure of unprofitable HSR projects,
as well as to close some of the existing
enterprises due to the impossibility of
competition of their products with similar
products of large companies that received
easier access to the peripheral markets of
Europe due to the construction of the
cross-border HSR.

In the case of Rail Baltica, this area of
research remains controversial and
requires consideration of a wide range of
factors, especially those related to the
territorial context. The issues of the impact
of regional socio-economic processes on
future fares for the carriage of goods and
passengers have not yet been studied. In
this regard, in this study, the author made
an attempt to assess the degree of
influence of the socio-economic
characteristics of the Europeans States on
HSR fares for international passengers
travel, regardless of the state tariff policy of
a particular country, and to determine the

existing patterns in order to form a
forecast of the price aspects of the Rail
Baltica strategies for the future.

The formation of the initial hypothesis was
influenced by the studies concerning the
level of cross-country differentiation of
socio-economic development indicators
within the Europeans States.

The structure of the paper is as follows.
The next section provides a review of the
preceding literature with a focus on
clustering of HSR subjects and HSR fares.
The ensuing section 3 introduces the
different data sets on which this analysis is
based, andempirical strategies are
detailed, while section 4 gives their results.
The final section synthesizes and draws
conclusions on the preceding analysis.

Background

When carrying out the study, the author
relied on the methodological approaches to
assessing regional disparities in the
dynamics of socio-economic indicators
described in Krugman (1991; 1999); Puga
(2002). Precisely, New  Economic
Geography (NEG) of Krugman is a
theoretical framework for understanding
the economic processes that produce
regional inequalities.

Puga (1999; 2002) analyzes the
development of inequality within the EU
countries, focusing on objective regional
differences. At the same time, he notes that
the improvement of transport links should
be considered as two-way communication:
on the one hand, less developed regions get
the opportunity to quickly access highly
developed transport hubs, on the other
hand, companies from highly developed
regions get new sales markets for their
products, having a clear advantage over
enterprises from these regions due to the
scale of production.

As for HSR itself, a number of papers by
Thompson and Bawden (1992); Button
(2012); Campos and De Rus (2009) reflect
concerns about overall investment costs
and real economic returns from HSR across
regions. Moreover, Campos and De Rus
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(2009) argue that the emphasis on HSR
connections is likely to favor central and
end nodes of the network and is unlikely to
promote the development of new activity
centers in secondary nodes, thus,
augmenting inequality in regions and
reinforcing the core regions as transport
hubs.

Clustering issues related to HSR regions
have been investigated mainly to analyze
passenger travel behavior and choice
preference factors based on cluster
membership (Jian and Zhang, 2012;
Albalate, 2016; Gutierrez and Ortuiio,
2017; Gutiérrez et al.,, 2018 ; Jing Yu Pan
and Dothang Truong, 2018).

Li et al. (2016) and Jie et al. (2019) used
analytical clustering techniques to assess
the economic impact of HSR on cities along
the route. Jianbo et al. (2020) conducted a
cluster analysis of more than two hundred
railway infrastructure standards in China.
Moyano and Coronado (2018) used cluster
scoring methods with the goal of deriving
an HSR city-pair link typology.

The classification of railway stations for
strategic transport and land use planning
can be found in Zemp et al. (2011).

With regard to the spatial inequity of HSR
fares, researchers note various aspects. For
example, Bouf and Desmaris (2015)
analyze the inequity of the French HSR
pricing system (ticket prices per kilometer
vary by the line and are not proportional to
the distance traveled). Pagliara et al
(2016) show that in Italy consumers are
very sensitive to the cost of high-speed
train tickets, which has a strong impact on
spatial equity.

Delaplace and Dobruszkes (2015) note that
income levels affect the potential for
leisure and long-distance mobility. When
prices are high, they are more widely used
by socio-professional categories that have
the highest income and which are the most

mobile (top managers, consultants, etc.)
Thus, low-income populations may not be
able to use HSR transport. Under these
conditions, as Delaplace and Dobruszkes
(2016) argue, considering government
expenditure on HSR - taxpayers pay for the
mobility of the wealthiest.

There are currently no published studies
on the relationship between the pricing
aspects of the Rail Baltica and the ability of
the population of the project regions to pay
for HSR services. The only source of
information on this issue is the Cost-
Benefit Analysis (CBA) of Ernst & Young
Baltic (2017).

In scientific and academic databases, there
were no papers available related to
clustering the regions of the European HSR
network, both active and under design or
construction, in order to determine the
impact of socio-economic factors on the
price aspects of the network.

Revealing such differentiation and patterns
of influence of socio-economic factors on
HSR fare will increase the efficiency of
planning and management decision-
making process on the Rail Baltica project,
which makes the choice of the author of
this study relevant, both within the
framework of the development of the
trans-European HSR network and in the
regional aspect.

Data and Methodology
Descriptive Analysis

As an initial step in investigating the
relationship  between  socio-economic
indicators and HSR fare, a table was
compiled  highlighting the  various
demographic, geographic and economic
factors of the European States currently
operating HSRs and the Rail Baltica
Member States (RBMS) - the objects of the
study clustering.
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Table 1: Main socio-economic indicators
Country GDP POP Dpop URB GFCF PRC, | sAL TOU | D,y | PRV | FARE
per
it | arspenan | ||| g || ano | i | A | oo
ants
1 2 3 4 5 6 L 8 9 10 1L 12
Austria (AT) 44,978.2 8.840.5 105.4 58.7 1.326.78 0.082 2,053 308 66.0 655 0.12
Belgium (BL) 41,460.3 11,427.0 3743 98.1 1,064.93 0.100 2,091 9.1 5.5 571 0.15
Finland (FN) 43,821.0 55155 163 855 1,788.23 0.062 2,509 32 18.0 739 0.09
France (FR) 36,2183 66,966.0 104.1 81.0 1,200.21 0.077 2,157 89.4 50.0 478 0.14
Germany (DE) 41,586.0 82,906.0 2322 i 959.39 0.119 2,270 38.9 108.0 622 0.16
5 Italy (IT) 30,121.4 60,422.0 200.5 71.0 62543 0.151 1,762 6l.6 56.0 801 0.19
g Luxembourg (LU) 60,053.1 602.0 2328 9T:2 3,958.77 0.067 3,009 1.0 105.0 733 0.13
; Netherlands (NL) 46,307.4 17,231.0 414.9 92.2 1,482.97 0.075 2,263 18.8 78.0 605 0.38
Poland (PL) 13,469.0 37,975.0 121.-5; 60.0 610.08 0.080 736 19.6 02.0 684 0.04
Spain (ES) 26,483.8 46,797.0 92.5 80.8 549.50 0.095 1,718 82.8 31.0 630 0.09
Sweden (SW) 47,730.1 10,175.0 22.6. 88.0 2,267.14 0.065 3,002 7.4 24.0 alT 0.12
Switzerland (CH) 72,339.7 8,591.0 217.4 730 2,154.26 0.143 4,700 Ll 1226 643 0.41
United Kingdom (GB) 37,5214 66,460.0 274.1 839 971.87 0.114 1,960 36.3 67.0 493 0.20
Estonia (EE) 20,303.1 1,322.0 292 69.2 1,035.78 0.080 958 32 337 607 0.10
g Latvia (LV) 15,593.9 1,927.2 299 68.3 83593 0.099 648 1.9 331 39 0.10
! Lithuania (LT) 16,655.9 2,801.5 429 68.0 525,08 0.091 645 28 32.0 527 0.10

Note* RB - Rail Baltica

In terms of the data gathering, a variety of
sources have been used, but key sources
included:

e Eurostat, UNECE, UNWTO - includes
standard published data sets;
« National railway websites.

As study period, 2018 was chosen, which is
explained by the presence for this period of
the last available complete database for all
variables used in forming the initial
hypothesis.

It is necessary to take into account that the
type of fare chosen for the study is for a

Source: designed by the author on the basis of European statistics

single station to station pair, and as
booking horizon (the period between
booking and travel) - booking a month in
advance.

The choice of variables is explained by the
intention to study the impact on HSR fare
of the main social and economic indicators,
as well as the observance of the
comparability and unity of the conditions
of the objects under consideration.

The following indicators were used as
indicators participating in the study:
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Table 2: Defined variables

Code Dependent variable Source
FARE HSR Fare determined by distance travelled irrespective National railway websites;
o of origin and destination www railenrane com

Code Independent variable Source
GoP Gross domestic product at current market prices per Dbl isent B

capita
5 ; The United Nations Economic Commission
» ove

POF Level of population for Europe (UNECE)
Dpop Density of population UNECE
URB Degree of urbanization Database of Eurostat
GFCF Government gross fixed capital formation per capita Database of Eurostat
PRC, Electricity prices (without VAT) Database of Eurostat
SAL Average salary (netto) Database of Eurostat;
TOU Ariotator i vikisn The World Tourism Orgamzanog (UNW _IO)
= is the United Nations
Dot Density of railway network Database of Eurostat
PRV Level of private vehicles ownership Database of Eurostat

Source: designed by the author

Multidimensional Statistics

The clustering task boiled down to dividing
all European States with HSR, including
RBMS, into an unknown number of
clusters.

Nominal GDP per capita and population
density were selected as a set of variables
that best reflects the concept of similarity
between clustering objects in the
framework of this study.

The most commonly used methods for
processing socio-analytical data are the

grouping  methods (Kaufman  and
Rousseeuw, 2008). The following methods
of hierarchical clustering are most
common: between-group linkage, Ward
minimum variance method, hereinafter -
Ward method (Ward, 1963). Hierarchical
agglomerative methods are more suitable
for solving the problem of this study. From
the methods mentioned above, the Ward
and single-linkage methods are
appropriate. Ward method aims to
optimize the minimum variance within
clusters. The initial formation of similarity
between objects is determined using the
Euclidean distance between the distance of

following methods: agglomerative their centers. For our problem, the
hierarchical, divisive and iterative Euclidean distance is calculated as follows:
B = =)+ - m
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The distance for the similarity matrix is calculated using the formula:
ai(a)) ;1= -2
= (1% - %) (2)

ij =
J ai+aj

where a; and a; are the amplitudes of
clusters I and J . X; and X; are the
coordinates of the centers of mass of the
clusters, || .. || - Euclidean distance. As a
result, a symmetric matrix is formed. Then

X(new) -

ai+

The distance value for the formed cluster is
recalculated according to the formula (2)
taking into account the new coordinates of
the center and amplitude.

However, in cases of elongated clusters, the
Ward method tends to divide them into
many small ones, 1-3 cells in each, and
therefore, in this study, the use of only the
Ward method for clustering objects leads
to a significant number of clusters (7) with
a small sample, which does not allow
solving the research problem. In addition
to Ward method, the single-linkage
methods were used. This approach is
appropriate to be used in the analysis of
relatively small data sets (Everitt et al,
2011). In this task, the degree of proximity
between objects is determined by the
principle of the location of the coordinates
of the clustered objects on the plane -
nearest are adjacent objects. This paper
combines the above mentioned two
methods to form the desired clusters.

Econometric Methods

At first inspection there appears to be no
evidence relationship between the
indicators presented in Table 1 and the
change in the HSR fare. Nevertheless, the
characteristics of national rail networks
and the economic and demographic profile

two clusters are determined, the distance
dl-j between them is minimal. These

clusters are combined, and the new center
of the resulting cluster is calculated:

(ai)?i + a])?]) (3)

of states are part of the background against
which tariff policy is determined, and
might affect fare levels, whether
administered, regulated or set only by
reference to the market. Therefore, after
the procedure of clustering the research
objects, author examined the relationship
between HSR fare in each of the clusters
and a range of characteristics, set out in
Table 1 with a comment on their potential
influence in each of the clusters.

This study has made use of correlation
analysis in order to determine the degree
of influence of the variables selected by the
author on the HSR fare within each of the
clusters. For this, a matrix of paired
correlation coefficients was used (Table 4).

Then, after defining the reference cluster
and the most significant independent
variable in it, the parameters of the
resulting typological regression model,
characterizing the influence of the selected
factor on the HSR fare in all clusters, were
estimated.

Results and Discussion

The final visualization of the structure of
research objects ’clusters is presented
below:
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Fig. 1: Summary fit of cluster analysis

In this case, three clusters were identified.
The first includes 6 subjects: Belgium,
Germany, Luxembourg, Netherlands,
Switzerland, United Kingdom. The second
cluster also includes 6 subjects: Austria,
Finland, France, Italy, Spain, Sweden; the
third cluster includes Poland and RBMS.

For the general characteristics of the
obtained clusters, the average values of the
factors selected for the study (intragroup
averages) were calculated, which are
presented in Table 3.

Table 3: Average value of factors in clusters.

Factor | FARE | GDP POP Dyop | URB| GFCF | PRC, | SAL | TOU | Dy | PRV
u‘i‘,"’”’ 024 | 49.8780 | 31,2028 | 2909 | 86.1 | 1,7654 | 0103 | 27155 | 193 | 81| 6112
C";"” 013 | 382255 | 33,1193 | 902 | 775 | 12929 | 0088 | 22102 | 459 | 408 | 6367
Cl";"” 009 | 165055 | 110064 | 559 | 664 | 7517 | 0.087 7468 | 69 | 402 | 5535

Source: calculated by the author

Data in Table 3 allows to draw the
following conclusions:

e The first cluster is characterized mainly
by the highest average values among all
three clusters, significantly inferior to the
second cluster only by the number of
foreign tourists. As for the average of the
level of wages, GDP per capita and GFCF
per capita, for the subjects of the first
cluster they are practically 3.5; 3 and 2.5
times higher than for the subjects of the
third cluster (RBMS) accordingly.

¢ The results obtained in respect of the
averages for the first cluster are consistent
with the view that high urbanization tends
to result in relatively high rates of
shortened rail travel, resulting in a higher
average HSR fare.

e The second cluster is characterized by
lower average values of indicators of
economic development, with the exception
of the indicator of foreign visitors, which is
the maximum in this group of subjects. The
highest rate of motor vehicle ownership is
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associated with the propensity of residents
of southern Europe to own motorcycles.
¢ The third cluster includes subjects with
the lowest socio-economic indicators,
while having an equivalent average
electricity price with the second cluster.

As a result of using a matrix of paired
correlation coefficients of independent
variables with HSR fare, the factors that
have the greatest influence on the studied
variable within each of the clusters were
established.

Table 4: Matrix of correlation coefficients between FARE (Y)
and factors X;.. X,, in the context of clusters.

Factor | GDP | POP B URB | GFCF | PRC, | SAL TOU | D, PRV
Ch‘;‘" 0.774 | -0.586 | 0.0356 | -0.284 | 0901 0056 | 0699 | -0.441 0542 | 0492
Ch‘;‘” -0.262 0.573 0.809 -0.357 -0.333 0.777 -0.282 0.307 0.621 0.236
Ck‘;‘” 0.708 | 0999 | -0.990 0.993 0.410 0517 | 0049 | -0998 | -099 | -0.707
Source: calculated by the author
It follows from Table 4 that the GFCF factor The relationship between population

has the greatest influence on the
dependent variable in the first cluster, and
density population with electricity price
factors in the second cluster. It is worth
paying attention to the fact that in the third
cluster, seven out of ten independent
variables affect the HSR fare; five of them
demonstrate a strong negative correlation,
while the average salary in the region
practically does not correlate with the
projected fare for transportation along the
new railway corridor. It is worth recalling
that for RBMS, this study considers the rate
specified in the investment justification of
Ernst & Young Baltic (2017).

density and average HSR fare in the second
and third clusters is very significant but
has different signs.

Since the clustering results are represented
by three groups of research subjects, to
construct a typological regression of the
entire set of subjects, it is needed to turn to
the method of composition of regression
models with the inclusion of dummy
variables. Due to the fact the each cluster
exhibits a different set of most influential
factors, two models were evaluated. The
statistical tools STATISTICA and HGROUP
were utilized in this research.

Table 5: Matrix of correlation between the independent variables in the Cluster 1

URB Doy ror SAL GDP TOU D..u GFCF | PRV PRC, | FARE
URB 1 0922 | -0,386 | -0.633 | 0,546 | -0,396 | -0.907 | 0,407 | -0.365 | -0,811 | -0.284
Dpop 0,922 1| -0,468 [ -0,525 | -0,402 | -0,412 | -0,677 | -0,200 [ -0,179 | -0,931 0,036
roP -0.386 -0,468 1 -0,464 | -0.560 0,977 0,260 -0,667 -0.331 0,149 -0,586
SAL -0,633 | -0,525 | -0.464 1 0,989 | -0.455 0.614 0,925 0,624 0,702 0,699
GDP -0.546 | -0,402 | -0.560 0,989 1| -0,537 0,581 0,966 0.667 0,591 0,774
Tou -0,39% | -0.412 0977 | -0,455 | -0.537 1 0,331 | 0,599 | -0.363 0,071 | -0,441
D, i -0,907 | -0,677 0,260 0.614 0,581 0.331 1 0,527 0,538 0,528 0,542
GFCF | -0.407 | -0,200 | -0.667 0,925 0,966 | -0,599 0,527 1 0,617 0,388 0,901
PRV -0.365 | -0,179 | -0,331 0,624 0,667 | -0,363 0,538 0,617 1 0,227 0,492
PRC, -0.811 | -0,931 0,149 0,702 0,591 0.071 0,528 0,388 0,227 1 0,056
FARE | -0.284 0,036 | -0,586 0,699 0,774 | -0.441 0,542 0,901 0,492 0,056 1

Source: calculated by the author
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The first model is a regression reflecting
the influence of the GFCF variable on the
HSR fare in the first cluster, since in this
case it is the reference one. After checking

for multicollinearity between influencing
factors in Cluster 1 (Tab. 5), the resulting
regression equation can be expressed as
follows:

y = 0.033 + 2.21 - 10"*GFCF, (4)

Table 6: Result of regression analysis of Cluster 1

Dependent Variable: FARE
Variable Cocfficient Std. Error T-Statistic Prob.
Determinate 0.033 0.086 -0.387 0.725
GFCF| 221-107*| 6.154-107° 3.594 0.007
R-squared 0.812 F-statistic 17.916
Adjusted R-squared 0.749 Prob (F-statistic) 0.007

Source: calculated by the author

Since the GFCF variable has a significant
effect only in the first cluster, two dummy
variables were used in the typological

model for all three clusters (Chatterjee and
Simonoff, 2012):

Y = b + byGFCF; + by Zy, + b3Z,, (5)

where by, b,,b; are factor coefficients
(model parameters), and b, and b; show
how much the free member of the model
differs with the values of dummy variables
equal to one from the free member of the
model with the base values; byis a free

7 = { 1,the Subject is in the Cluster 2;
1 0, in other cases;

The following model is obtained as a result
of the correlation - regression analysis for

term that determines the value of HSR fare
provided that the values of the factors are
zero (intersection with the y-axis); Z; and
Z, are dummy-variables with the following
values:

7. = {1, the Subject is in the Cluster 3;
2= 0, in other cases;

all clusters based on the most influential
factor in the reference cluster:

y = 0.187 + 5.489 - 10"5GFCF, — 0.130Z,, — 0.146Z,,, (6)

Summary statistics based on the above model is provided in Table 7.
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Table 7: Model’s Parameter Estimates

Dependent Variable: FARE

Variable Coefficient Std. Error T-Statistic Prob.
Determinate 0.187 0.068 1.764 0218
GFCF 5.489 - 1075 4347 -1075 2293 0.038
Dummy Z, -0.130 0.049 -2.673 0.022
Dummy Z, -0.146 0.059 -2.422 0.034
R-squared 0.656 F-statistic 6.596
Adjusted R-squared 0.575 Prob (F-statistic) 0.009

Source: calculated by the author

In Tables 6 and 7, parameter estimates are
depicted. As seen in the tables, all
independent variables are significant at
0.05 level. The F- test also shows that the
regression model is globally significant at a
level less than 0.01. The negative values of
coefficients of the dummy variables imply
that the fixed capital investments factor
has lower values and lesser relationship
with the HSR fare in the second and third
clusters. This finding is consistent with the
method and result of clustering of the
objects in the study.

Conclusions

Based on the findings of the study, it is
concluded that objective national and rail
sector characteristics are the factors that
have a significant impact on the HSR fare,
regardless of the characteristics of
individual projects or regulation of tariff

policy.

Based on the final results of clustering of
research subjects, the author concludes
that examples of successful
implementation of HSR projects in densely
populated European States with an
overwhelming share of urban population,
high levels of GDP per capita and fixed
capital investment, should not be used as
an advertising justification for the urgent
need to implement such projects in less
developed regions that do not have their
own mechanical engineering enterprises;
with a low population density, while having
salary twice lower than the average in
Europe.

With regard to the Rail Baltica project,
another result is that the projected HSR
fare does not correlate with salaries in the
project region and has a weak correlation
with the electricity price. The consequence
of this may be the economic exclusion of
most of the project region’s population
from the potential passenger traffic of Rail
Baltica.

In connection with the above, the author
considers it necessary to recommend the
holders of the RB project to revise the
forecast fares for passenger transportation,
since it is expected that the total revenue
will increase, despite the lower price, as a
result of elastic demand. Otherwise, due to
the lack of income, the potential passenger
will prefer to drive their own car, if
available, which will lead to a completely
opposite result of the project, in contrast to
the currently declared "green" effect of Rail
Baltica.

Hence, for the States participating in the
Rail Baltica project, it is necessary to
develop a project pricing strategy with a
clear understanding of the regional
specifics, based on careful planning and
coordination of actions between
stakeholders. Achieving such cooperation
requires innovation in institutional
arrangements as the basis for all
infrastructure development in the Rail
Baltica project region.
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