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Analysis of the Influence of Socio-Economic
Factors on the Volume of Railway Passenger

Transport in Łódź Region

Wojciech Kamiński(&) and Aleksander Sładkowski

Faculty of Transport, Department of Logistics and Transport Technologies,
Silesian University of Technology, Krasińskiego 8, 40-019 Katowice, Poland

Wojciech.Kaminski@polsl.pl

Abstract. This article presents the determination of the weights of socio-
economic factors affecting the volume of passenger transport on individual
railway lines located in the Łódź region. Passenger transport on these lines is
operated by the carrier Łódź Agglomeration Railway. The transport data con-
taining the number of transported passengers and the transport work done in
2017 were used for the analysis. A partial correlation coefficient was used to
obtain values of weights of the analyzed factors. During the calculation of
correlation coefficients, transport gauges were used as explanatory variables
(dependent variables). The socio-economic factors influencing the volume of
rail passenger transport on individual lines were taken into account. To calculate
the partial correlation coefficient, a correlation matrix, containing interrelations
between all analyzed variables, was used. During calculating the weights of
particular factors affecting the volume of rail passenger transport on individual
lines located in the Łódź region for each socio-economic factor, the absolute
value of partial correlation coefficients was summed for the number of trains and
the number of transported passengers. Then the summed value was divided by
the number of analyzed gauges describing the volume of transport. It allowed to
determine the weights of individual factors affecting the volume of passenger
transport on railway lines in the Łódź region. The obtained weights can be used
in the future during the multi-criteria analysis of railway lines in the Łódź
region. These weights allow to avoid the subjective assessments of experts, that
have been often used in previous analyzes.

Keywords: Railway transport � Passenger transport � Correlation coefficient

1 Introduction

The Łódź Voivodeship is a medium-sized voivodeship located in the central part of
Poland. It has an area of 18.22 thousand km2 and the population of 2.49 million people.
The length of railway lines in the Łódź Voivodeship is 1,080 km, which translates into
a line density of 5.9 km/100 km2. Transport availability of municipalities located in
this voivodeship is diverse Apart from Łódź, the largest communication accessibility
are in the municipalities: Łask, Pabianice, Zgierz, Poddębice, Stryków and Ozorków
[1]. Regional passenger rail transport in the Łódź region is carried out by two
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companies: Regional Transportation (Polregio brand) and Łódź Agglomeration Rail-
way. In comparison with other regions of Poland, there are only a few railway lines
closed in the passenger traffic in the Łódź Voivodship, they are: line from Piotrków
Trybunalski to Rogowiec and line from Opoczno to Skarżysko Kamienna (Świę-
tokrzyskie Voivodenship). The voivodship is crossed by the railway line connecting
Chorzów Batory with Tczew (the so-called Carbon Road). On this line, only freight
traffic and passenger long-distance traffic (mainly night trains) are operated. The line
branching from the Chorzew Siemkowice and running to the Wyczerpy station (Sile-
sian Voivodship) is also currently inactive in regional passenger traffic, and on this line
passenger traffic was suspended on 9 December 2012 [17]. Before starting the mod-
ernization of the line, many analyzes should be carried out regarding profitability and
scope of modernization. The appropriate variant should be chosen and technical
parameters which are needed on analyzed railway line. In case of using an existing line,
it is important to adjust it to current needs and maintain the technical condition, which
has an impact on safety [2]. Therefore, studies should be carried out to determine the
transport needs. An analysis of the correlation of transport volumes with the location of
lines was carried out. During this analysis using graphs the stations were treated like
nodes, and railway lines like the edges [3]. Analyzes are also performed to determine
the capacity of the existing infrastructure. Factors related to the spatial structure of the
region on which the analyzed line is located affect the volume of transport, and these in
turn depend on technical limitations, such as maximum throughput of line [4]. If the
results of the analyzes predict the exceeding of the current maximum capacity, in the
case of single-track lines, calculations related to the profitability of the construction of
the second track are made [5]. If it is using most of the transport capacity of existing
railway lines, the impact of possible temporary closing of the line from use (for the
modernization time), to transport streams is also studied [6]. During such analyzes,
many socio-economic factors should be taken into account, which have an impact on
the volume of both passenger and freight rail transport. Many various factors are taken
into account in the analyzes performed so far, however, their weights are determined by
decision making centers [7], or on the basis of expert assessments. Instead of using data
from statistical offices, socio-economic factors in some analyzes are obtained during
conducting surveys among passengers [8]. Such action carries the risk of disrupting the
results. Except the impact of socio-economic factors on rail transport, there is also a
reverse relationship. The influence of the arrangement of lines and volumes of transport
on them on the economies of regions was also examined [9]. In this article the weights
of individual socio-economic factors will be determined with the use of correlation
coefficients. Taking into account the impact of individual factors on the volume of
passenger transport will enable attribution to these factors the weights. The weights
determined in this way using of previously calculated correlation coefficients will be
able to be used in the future during conducting analyzes preceding the modernization of
the line in the Łódź Voivodship. Calculations using correlation coefficients have
already been carried out for individual voivodships in Poland, however, other socio-
economic factors have been taken into account and other measures defining the volume
of passenger transport have been used [16]. The data used in that analysis relate to
entire regions, not to individual railway lines, and they do not take into account the
local specificity of the Łódź region.
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2 Scope of Analysis

The analysis was conducted for 4 railway lines operated by the Łódź Agglomeration
Railway carrier, these are the following lines: Łódź Kaliska - Sieradz, Łódź Kaliska -
Kutno, Łódź Kaliska - Łowicz Główny and Łódź Widzew - Skierniewice. Due to the
fact that on these lines, the company Łódź Agglomeration Railway performs almost the
whole volume of transport in regional traffic, the influence of running trains of other
carriers were omitted. In Poland, the competition of rail passenger carriers occurs
sporadically. It is different in Italy, where the carriers Nuovo Trasporto Viaggiatori and
Trenitalia compete in the high-speed trains segment. This competition is focused on the
price of the journey, the capacity of the used rolling stock and the frequency of running
trains [10].

2.1 Łódź Agglomeration Railway

The first concepts of creation the agglomeration rail system in the Łódź region
appeared in 2007–2008. At that time, preliminary analyzes related to the construction
of the new railway system were made [11]. Under the Marshal’s Office’s agreement
with the mayors of 12 towns located in the area of Łódź, in 2010 a decision to establish
the Łódź Agglomeration Railway was made. The first construction works were com-
menced at the turn of 2012 and 2013. The company started operating in 2014. The
connection between Łódź and Sieradz was launched on 15 June 2014, on 1 September
of the same year ŁAR reached Zgierz, and on 14 December they reached Koluszki
[12]. The trains to Kutno was launched on 14 June 2015, and to Skierniewice on 4
January 2016. From 8 December 2018, the trains of the Łódź Agglomeration Railway
run between Skierniewice and Łowicz, and from 11 March 2019, between Łódź and
Tomaszów Mazowiecki and Radomsko. Since the start of operations, this company has
recorded an increase in operation work done and the number of transported passengers.
The Łódź Agglomeration Railway carries out transport in the Łódź agglomeration,
however, it mainly satisfies transport needs of neighboring cities. In connection with
the course of railway lines mainly on the outskirts of Łódź, outside the area with the
largest population, railway transport does not have a significant role in satisfying
transport needs in this city [13]. In the case of suitable location of lines, railway
transport has an important role in improving the quality of transport services. One of
the cities where the railway lines influenced the increase in the population in areas
neighboring with the railway station is Naples [14]. In addition to transports in the
Łódź region, company Łódź Agglomeration Railway launches commercial trains from
Łódź to Eastern Warsaw at weekends from on 13 March 2016. The map of the
analyzed lines on which regional passenger traffic is operated by Łódź Agglomeration
Railway is shown in Fig. 1. The green color indicates the line to Sieradz, the yellow
line to Kutno, while the blue color shows the line to Łowicz and the red line to
Skierniewice.
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2.2 Data Used to Carry Out the Analysis

The transport data containing the number of transported passengers and the transport
work done in 2017 were used for the analysis. The source of data for these gauges
describing the volume of rail passenger transport is the annual report of the Łódź
Agglomeration Railway carrier. During the calculation of correlation coefficients, these
gauges were used as explanatory variables (dependent variables). Gauges describing
the size of rail passenger transport on particular lines analyzed in the Lodz region is
shown in Table 1. In addition, the length of the analyzed sections is shown there. In
order to make it possible to compare railway lines of different lengths during the
calculations of the operational work done its value was divided to the length of the line.
In this way, instead of the value of the operation work done, the number of trains
launched on an analyzed line during the year was received.

The volume of passenger transport on an individual railway line depends on the
spatial structure of the area through which the railway line runs. The socio-economic
factors influencing the volume of rail passenger transport on individual lines were taken
into account, such as: the number of people in communes through which the analyzed
railway line runs, the number of registered passenger vehicles per 1000 inhabitants in
powiats on the route of a analyzed railway line, number of registered business entities
in communes by the railway line, the value of fixed assets in business entities located in
powiats near the railway line (this value reflects the size of business entities), the
availability of inhabitants to the railway line, the number of people commuter for work
and the number of accommodation facilities located in the communes by the railway
line. The source of some data, such as: population, number of registered passenger
vehicles, number of business entities and their value of fixed assets, number of
accommodation facilities (included hotels, motels and guesthouses) are reports pub-
lished by the Central Statistical Office. In order to be able to compare railway lines of
different lengths, the themselves values are not given, but their ratio to the length of the
lines. These data are presented in Table 2. The other values were calculated using the
data from reports published by the Central Statistical Office.

Table 1. Gauges describing the volume of rail passenger transport in individual lines.

Section Operation work done
[train, km]

Number of passengers
[people]

Length of the
line [km]

Łódź Kaliska – Sieradz 631,534.47 988,643 59
Łódź Kaliska – Łowicz
Główny

565,539.37 813,449 61

Łódź Kaliska – Kutno 480,307.13 591,702 68
Łódź Widzew –

Skierniewice
351,363.36 511,675 60
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3 Calculation of Factors Affecting the Volume of Transport

The possibility of using a railway line in passenger transport also depends on some
socio-economic factors that cannot be directly read from reports of the Central Sta-
tistical Office. These factors are: the availability of inhabitants to the railway line and
the number of commuters to work.

Table 2. Factors affecting the volume of transport on individual lines.

Section Population/line
length
[people/km]

Number of
vehicles/1000
people

Number of
business
ent./line
length
[entities/km]

Value of fixed
assets/line
length
[millions
PLN/km]

Number of
accommod.
facilities/line
length
[facilities/km]

Łódź Kaliska -
Sieradz

15,367.25 728.76 1,957.00 831.76 1.68

Łódź Kaliska -
Łowicz Główny

13,545.16 698.19 1,745.00 788.71 1.51

Łódź Kaliska -
Kutno

12,825.16 718.48 1,622.16 774.83 1.46

Łódź Widzew -
Skierniewice

13,381.37 703.17 1,732.48 745.00 1.23

Fig. 1. Analyzed railway lines [17].
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3.1 Availability to the Railway Line

Availability to the railway line for individual inhabitants, this is the value associated
with the location of stations on the population centers. The availability parameter for an
individual station is affected by the distance of the station from the city center, the
condition of the network of roads leading to it, and the size of the population in which
the station is located. The parameter related to the location of the station takes the value
1 if the station is located directly in the city center, while the value 0, when it takes
10 min or more to reach it by car from the city center. In other indirect cases, a
proportional value is assumed, related to the time needed to reach the train station.
Then, the size of the population in which the analyzed station is located is taken into
account (the size of population in 2017 was used during analysis). The availability of
an individual station is the product of its location and the size of the city (or village)
where it is located. This calculation is represented by formula (1).

DS ¼ LS �WM ; ð1Þ

where DS – availability of the stop/station; LS – location of the stop (it takes a value
from 0 to 1); WM – the size of the city/village in which the stop is located.

In order to determine the availability to the whole railway line, the availability of all
stops located on it is summed up. Next, the quotient of this sum and the length of the
analyzed railway line is calculated. On this basis, the availability of the all railway line
is determined, which is shown in the formula (2).

DL ¼
P

DS

LL
; ð2Þ

where DL – availability to the railway line; DS – availability of individual
stations/stops; LL – length of the analyzed railway line.

The calculated availability to the all analyzed lines is shown in Table 3.

Table 3. The ratio of the number of commuters to work and the length of the line.

Section Availability of inhabitants to the
railway line [people/km]

Number of commuters to
work/line length [people/km]

Łódź Kaliska –

Sieradz
10,622.35 153.85

Łódź Kaliska –

Łowicz Główny
10,385.49 179.57

Łódź Kaliska –

Kutno
11,181.26 152.25

Łódź Widzew –

Skierniewice
8,985.12 105.55
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3.2 The Number of Commuters to Work

To determine the number of only people who truly can use railway transport during
travel from their place of residence to work, calculations were made. Only people
living in the area through which the analyzed railway line runs, and at the same time
commutes to work to the commune located on this line are taken into account. The data
from the Central Statistical Office, coming from the detailed National Census of 2011
carried out every 10 years, were used for the calculations. After sum up the number of
commuters to work, this value was divided by the length of individual railway lines, as
shown in Table 3.

4 Correlation

During characterizing the correlation of two variables, its strength and direction should
be given [15]. In the case of the analysis of the impact of socio-economic factors on the
volume of passenger transport of individual railway lines more important than the
direction is strength or the level of significance of correlation.

4.1 Partial Correlation Coefficient

The partial correlation between two variables is the relationship between these vari-
ables, excluding the influence of other variables on the analyzed variables. For cal-
culation the partial correlation coefficient, a correlation matrix is used. This matrix
contains the relationships between all analyzed variables. The individual element of the
correlation matrix is the value of the Pearson correlation coefficient for the variables
i and j. The partial correlation coefficient is calculated using the formula (3).

rij:1:: i�1ð Þ iþ 1ð Þ:: j�1ð Þ jþ 1ð Þ::k ¼ � Cijffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Cii � Cjj

p ; ð3Þ

where Cij; Cii; Cjj – algebraic complements of the elements rij; rii; rjj of matrix.

5 Analysis the Influence of Socio-Economic Factors
on Transport

Calculations of the weights of each factor affecting the volume of rail passenger
transport on individual railway lines located in the Łódź region were made using a
partial correlation coefficient. To calculate this coefficient, a correlation matrix, con-
taining interrelations between all analyzed variables, was used. Due to the size of this
matrix (9 columns and 9 rows) to calculate the algebraic complement of individual
matrix elements and determinants obtained from the correlation matrix by plotting the
i-th row and the j-th column as shown in formula (3), the engineering calculation
software Mathcad was used. The calculated values of partial correlation coefficients for
socio-economic factors affecting the volume of transport on individual railway lines in
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Łódź Voivodeship are presented in Table 4. The calculated partial correlation coeffi-
cients, after eliminating the influence of other factors on the analyzed one, allows to
determine how much influence it has on the size of gauges such as the number of trains
or the number of transported passengers. The number of inhabitants in area located near
to the railway line has a greater impact on the number of transported passengers than on
the number of trains. Another factor that has a major impact on the volume of rail
passenger transport is the number of business entities located along the railway line,
while the size of these entities (expressed by the value of fixed assets in entities) has a
small impact on rail passenger transport. The availability of residents to the railway line
and the number of people commuting to work are also very important factors affecting
the volume of transport. In turn, the number of accommodation facilities located near
the railway line has a very insignificant impact on the volume of transport. This is
related to the fact that the analyzed area in the Łódź region has little tourist potential
and is not a popular place for tourist trips.

6 Calculation of Weights of Individual Factors

During calculating the weights of particular factors affecting the volume of rail pas-
senger transport on individual lines located in the Łódź region for each socio-economic
factor, the absolute value of partial correlation coefficients was summed for the number
of trains and the number of transported passengers. The use of the absolute value is
related to the fact that to determine the weights of various factors is not important
direction of their impact, but only the strength. Then the summed value was divided by
two, which is related to the number of analyzed gauges describing the volume of
transport. This operation is presented by formula (4).

Table 4. Calculated values of partial correlation coefficients.

Factor Operation work done
[train � km]

Number of
passengers [people]

Population/line length [people/km] 0.36 0.80
Number of vehicles/1000 people 0.59 0.77
Number of business entities/line length
[entities/km]

0.37 0.89

Value of fixed assets/line length
[millions PLN/km]

−0.04 −0.19

Availability of inhabitants to the railway
line [people/km]

0.56 0.91

Number of commuters to work/line
length [people/km]

0.80 0.73

Number of accommod. facilities/line
length [facilities/km]

0.01 0.13
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IF ¼
P2

i¼1 CCij j
2

; ð4Þ

where IF – the impact of an individual factor on the volume of rail transport; CCi –

calculated correlation coefficients between factors and gauges.
Using the formula (4) were obtained values for socio-economic factors corre-

sponding their average impact on both gauges describing to the volume of transport. By
dividing the received values IF for each socio-economic factor by their sum, it is
possible to determine the weights of individual factors affecting the volume of pas-
senger transport on railway lines in the Łódź region. This operation is presented by
formula (5).

WF ¼ IFP7
i¼1 IFi

; ð5Þ

where WF – the weight of individual factor; IF – the impact of an individual factor on
the volume of rail transport; IFi – the sum of the impact of all factors affecting the
volume of transport.

The impacts of an individual factors on the volume of rail transport calculated by
the formula (4) and the weights calculated according to formula (5) are presented in
Table 5.

Table 5. Calculated weights corresponding to the impact of individual factors on the volume of
transport.

Factor The impact of an individual factor on
the volume of rail transport (IF)

The weight of
individual factor
(WF)

Population/line length
[people/km]

0.58 0.16

Number of vehicles/1000
people

0.68 0.19

Number of business
entities/line length
[entities/km]

0.63 0.18

Value of fixed assets/line
length [millions PLN/km]

0.12 0.03

Availability of inhabitants to
the railway line [people/km]

0.74 0.21

Number of commuters to
work/line length [people/km]

0.77 0.21

Number of accommod.
facilities/line length
[facilities/km]

0.07 0.02

Sum 3.59 1.00
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7 Conclusions

The calculations made allowed for the determination of weights of socio-economic
factors affecting the volume of passenger transport on individual railway lines located
in the Łódź region. For this purpose, a partial correlation coefficient was used, taking
into account the relationship between the factors and the number of trains a line during
the year and the number of transported passengers. The obtained weights may be used
in the future in multi-criteria analysis of railway lines in the Łódź region. These weights
allow to avoid the subjective assessments of experts, that have been often used in
previous analyzes. Additionally, during the analysis of socio-economic factors included
the number of people who can truly use rail transport to get to work from their place of
residence. These are only people living in the area through which the railway line runs
and commute to work to the communes located near this line. Except to the use of data
provided directly by the Central Statistical Office, a very important factor affecting the
volume of transport is the accessibility to the railway line for individual inhabitants.
This parameter has been determined for this analysis. It was defined as a factor related
to the location of stations and stops located in the area of population centers. After the
calculations, it was found that the number of commuters to work and the availability to
the railway line have the greatest impact on the use of the railway line in passenger
traffic (the weight of both factors is equal to 0.21).
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