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Abstract. Factors affecting passenger behaviour can be divided into the internal (relating to transport
supply) and the external (which are independent of carriers). The literature emphasises that, as rail trans-
port develops, supply becomes comparable along many routes, leaving external factors to be regarded
as increasingly important. In contrast, the authors of this article consider that deregulation and transfor-
mation of the rail transport system in Poland have ensured that internal factors continue to exert the pri-
mary influence on passenger behaviour in this country. The work detailed in this article has thus sought
to demonstrate the impact of transport supply on passenger volume at individual stations in those towns
and cities of the region of Lower Silesia that have access to rail passenger transport throughout the year.
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Introduction

The rapid development of the automotive industry in Poland and increasing public mobility
are giving rise to many problems primarily related to inefficient transport systems (Komornicki
2011). It is therefore extremely important to increase the role and importance of public transport
—and rail transport in particular — as this may be considered the backbone of the transport system
(Sheller & Urry 2006; Banister 2008). The region of Lower Silesia (NUTS 2 — Dolnoslaskie voivode-
ship) has favourable conditions for the development of this mode of transport due to the con-
tinued presence of a very dense network of rail lines. However, the full potential of this has not
been used, because the aforesaid “backbone” role for rail transport often looks more theoreti-
cal than real. This is largely due to neglected infrastructure and the resulting low-quality supply
of transport, which discourages passengers from using rail services. This circumstance leaves anal-
ysis of the correlation between transport supply and passenger volume as one of the key issues
that to be addressed by those researching rail transport. Thus, in the case of Lower Silesia also,
a determining of the nature and direction to any dependent relationships between the aspects
in question may prove to be of help in shaping regional policy more appropriately, as indeed may
the indication of any spatial regularities to be found.
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The purpose of the work detailed in this article has been to answer a question as to how
rail-transport supply influences passenger volume in towns and cities in the Lower Silesian re-
gion. This is particularly important in the context of Polish transport policy, which has undergone
a significant transformation in recent years (Taylor 1998, 2004). The work envisaged has allowed
for identification of factors relating to transport supply that generate rail-passenger volume in par-
ticular towns and cities.

As noted above, the Lower Silesian region is an area with a high degree of saturation with rail-
way infrastructure (Lijewski 1985; Rosik 2009). The area in question was connected with both
the initial, intensive development of the railway network (Lijewski 1985; Jerczynski & Koziarski
1992; Taylor 2007) and the later period of suspension of passenger traffic (Taylor 2007; Potocki
2014; Smolarski & Raczyk 2017). But, following years of transformation, further reactivation of pas-
senger transport is now planned (e.g. in the cases of the Wroctaw-Sobdtk and Lubin-Wroctaw
lines). A factor here has been the leading role played by a carrier run by the regional authorities
here (Koleje Dolnoslgskie). The result of its activity has been a steady increase in the level of trans-
port performance, as well as the servicing of more and more routes.

Research assumptions

The study was conducted within the Lower Silesian region, by reference to local analysis. The units
of observation were towns and cities with access to passenger rail transport over a full year (Fig.
1). From among the 91 towns and cities recognised in this area, 51 were found to meet the above
criterion, and selected. However, several key premises spoke for the exclusion from the analysis
of Wroctaw, as the capital city of the region. Firstly, passenger volume in Wroctaw is largely gen-
erated by the PKP Intercity long-distance trains not included in the study on account of the lack
of data on passenger volume. Secondly, Wroctaw is a city whose population and economic poten-
tial are at a level several times higher than those characterising the area’s other urban centres. A
role as capital city of the region and most important railway junction is also played, with the result
of all these factors being an incomparably greater passenger volume generated, albeit not merely
as a consequence of the city’s endogenous potential. This article therefore focuses on the remain-
ing urban centres in the region.

The scope of this paper embraces characteristics of the demand for and supply of railway trans-
port, as well as disparities typical for these between working days and weekend days, plus analysis
of the association between the two elements. Various methods have been used to address this
research issue, such as: statistical and cartographic techniques and analysis of linear correlations
using Pearson’s correlation coefficient.

The demand for rail passenger transport was assessed by reference to passenger volumes
in towns and cities, as broken down into working and non-working days. This made possible
the estimation of numbers of passengers in a given town or city making use of rail transport (Ke-
paptsoglou et al. 2017). The index includes passenger embarkations and disembarkations at given
stations!. In other words, the value of the index is the sum of passengers embarking at the station
in a given town or city (Table 1). The data concerning working days were divided by 5, and the data
for weekend days by 2. The data on passenger flows and train timetables in the period from 3-9
April 2017 were used (fast and express train connections were excluded from the study due
to the lack of data). The data were collected by regional passenger rail operators Koleje Dolnoslgsk-

! There are also other approaches to passenger flows, e.g. the study of passenger flows between specific locations
(‘Station-to-station ridership’; Kepaptsoglou et al. 2017).
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Figure 1. The area under analysis
Source: author’s own elaborationn

ie and Przewozy Regionalne, and obtained from the Office of the Marshal of Lower Silesia, i.e.
an institution of the regional administration that owns the companies in question. Rail passenger
flows used in the study can be considered a derivative of ‘mobility’ — understood as ‘the actual (...)
movement of individuals in space’ (Taylor 1999: 10).

The transport supply was assessed on the basis of numbers of pairs of trains departing
from the main station in a given city (Lijewski & Sujko 1993: 7)2. According to the authors, this
is the most important internal factor providing for the most reliable assessment of supply deter-
minants where rail transport in a given town or city is concerned. A station in a given urban centre
was identified as that locality’s main station if its name contained the word ‘main’/‘central’ (Polish:
gtowny/gtowna/gtowne), e.g. Watbrzych Gtéwny, Ktodzko Gtéwne; or if the name of the station
was identical to the name of the town or city, e.g. Legnica, Jelenia Géra®. In every city or town,
most pairs of trains departed from the main stations, and all trains stopped at the main stations.
Consideration of every pair of trains departing from other stations in the same town or city would
therefore serve only to duplicate data. As the passenger volume data were confined to passen-
gers carried by the companies Przewozy Regionalne and Koleje Dolnoslgskie, the study was limit-
ed to pairs of train connections provided by these rail carriers. Every possible disparity between
numbers of train arrivals and of departures, e.g. when a train terminated at a given station, was
considered as one-half of a pair of train connections. Hence the values are not always integers.
For example, if 10 trains left from and 11 arrived at a given station, the number of pairs of train
connections was 10.5.

The disparity index showing differences between the weekend and working-day supply of trans-
port and passenger volume was calculated as the quotient of the number of pairs of trains running

2 When examining the concentration of bus transport, Lijewski & Sujko (1993) emphasised that ‘the number of bus
departures (...) defines the intensity of traffic, and the importance of the city (p. 25).

3 The choice of the largest station in a city as the destination and source of travel in rail transport has also been
proposed by Rosik & Kowalczyk (2015).
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and the number of passengers travelling on non-working days and working days [this is a derivative
of the disparity index used by Matek (1977)] (Table 1). Values above 1 denoted more pairs of trains
on a working day and values below 1 more pairs of trains on a non-working day. A stable trans-
port supply may be a response to everyday mobility, identified by Nutley (2003), and occurring
on non-working and working days. Authors also emphasise that the frequency of trains through
a week is an extremely important factor where the attractiveness of transport supply is concerned
(Lierop et al. 2017). Potrykowski & Taylor (1982: 32-36) have defined three types of fluctuation
in passenger flows in the context of the disparity index: i.e. daily, weekly and seasonal.

It is worth noting that the data on passenger flows used in this analysis are very difficult to ac-
cess and have been used in very few analyses. Usually, these data are inaccessible to the public,
making it necessary for the relevant provider of passenger transport to be contacted. Another
problem is that data collected by Marshal’s Offices are often illegible, making it difficult for em-
pirical analyses on their based to be carried out. The part of the study concerning the supply
and organisation of public transport (analysis of timetables, etc.) would undoubtedly be even more
accurate if additionally based on passenger flows. Rosik et al. (2017) stress the issue of the inability
to use data on actual passenger transport demand* in scientific research. Moreover, Wisniewski
(2015: 27) found examination of the volume and structure of transport (collective transport)
to be impossible, on account of the lack of data.

Table 1. Indicators used in the research

sum of passenger getting on the train at station (working day)

Passenger volume (working day) 5 days

sum of passenger getting on the train at station (weekend)

Passenger volume (weekend)

2 days
Passenger volume disparity weekend day passenger volume
index working day passenger volume

number of weekend day train connections

Transport supply disparity index number of working day train connections

Source: author’s own elaboration

Literature review

Reference literature divides factors affecting the demand for passenger transport into internal
and external groups (Pan et al. 2017). The internal factors include the number of rail connections,
the frequency of trains, travel time and punctuality. The external factors are in turn connected
with the surrounding environment, for example concerning numbers of inhabitants; numbers
of people in work; unemployment rate; land use in the context of Transit Oriented Development
(Cervero 2006); as well as Park & Ride and Bike & Ride systems. It is considered that, as rail trans-
port develops, the offer on most routes becomes comparable, implying an increasing role for ex-
ternal factors in studies related to demand for passenger transport (Yim et al. 2005; Sung et al.
2014; Chakour & Eluru 2016). Nevertheless, transport supply does seem to be a decisive ele-

4 Other sources that can be used to examine actual passenger flows can include card logins for ticket gates (Pan et
al. 2017) and smartphone logins (Gadzirski 2018).
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ment affecting passenger volume in Poland, on account of major spatial disparities when it comes
to the development of rail transport and the condition of railway infrastructure.

Transport connections are also among the elements determining the rank of the largest ur-
ban centres. In his analysis of the typology of cities, Sleszyriski (2017) concludes that the rank
of a city declines with any deterioration of its accessibility to transport. This is particularly found
to be the case in peripheral areas. Moreover, Sleszyfiski used this basis to describe urban centres
in the Sudety region as ‘stagnant’ (Sleszyriski 2017: 582-583). Ku¢-Czajkowska (2007: 57) states
that ‘a metropolis ought to be connected through a system of motorways, fast railways, (...) fre-
quent and direct transport connections’. Similarly, in studies of small towns in the area of Czech
Moravia, Vaishar (2003, 2005) emphasises the phenomenon of impeded access to the smallest, pe-
ripheral urban centres, and further states that ‘public transport played the primary role in the traf-
fic connection’ (Vaishar 2005: 56). Kistowski (2005) examined the correlation between geograph-
ical location and regional development, including the accessibility of a city centre and the costs
of transport and the maintenance of infrastructure among the criteria affecting this correlation.

Assuming that transport accessibility is connected with socio-economic development, it is un-
doubtedly influenced by the infrastructure of a given region® (Kowalczyk & Rosik 2015). Indeed,
the impact of road investments on socio-geographical development and changes in transport ac-
cessibility has been addressed in recent research (Komornicki et al. 2015). Transport accessibility
can be perceived quantitatively (e.g. in the form of spatial or demographic density) and qualita-
tively (e.g. the share of roads and the rail network achieving specific technical parameters) (Rosik
2009: 509). Koziarski (2017) carried out an analysis of current changes in the Polish rail network.
In turn, in their analysis of the southern part of Europe, Bogataj & Bogataj (2007) note that im-
proving the quality of road infrastructure may lead to increased mobility and employment. They
also point out that transport connections should provide access, not only to the central city,
but also to smaller urban centres. Michniak (2007) examined connections between Slovakian cities
and noted that the rank of regional centres depended on the quality of transport infrastructure
(Michniak 2007: 99). When referring to the issue of the rail network, Michniak (2010) points to it
being the backbone of the transport system in the region®. Investments’ may constitute a ‘factor
increasing access to opportunities’ (Domanski 1980: 8). The manifestations of increasing mobility
and accessibility are increased passenger flows and numbers of people using rail transport in ur-
ban centres. The revitalisation of railway lines may give rise to better transport connections be-
tween metropolises. Jurkowski & Smolarski (2017) note that the transport supply was improved
following the revitalisation of the so-called ‘proteza koniecpolska’ (a planned rail link in southern
Poland), and consider this a stimulus to the development of public transport. Improving the quality
of transport infrastructure may also increase the accessibility of the capital cities of provinces, such
as Poznan (Bul 2016).

The study of dynamics to the changes in the sector of public transport is particularly important,
given the transformation of the relevant market in Poland, a country in which particularly impor-
tant changes took place to affect both rail transport?® (Taylor 2007; Taylor & Ciechanski 2010, 2011)

> The relationship between transport infrastructure and economic development has become more complex
than ever’ (Wegener et al. 2005: 27).

6 The existing rail network is also important for the accessibility of the territory in question and consequently its
development’ (Michniak 2010: 164).

7 Domanski (1980: 24) points out that ‘defining the proportion between investments aimed at creating new
opportunities (...) and investments aimed at improving transport is therefore a very important problem of land
development policy’.

8 Komornicki (2008: 62) stresses the role of trade unions and writes about ‘depreciation of railway transport, which
transformation went under dictate of a trade union’.
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and bus transport (Taylor & Ciecharski 2009, 2013). Research on the development of rail and bus
networks in the post-war period was carried out by Lijewski et al. (1967). The Polish transport
sector underwent major changes in the 1990s, in the period of socio-economic transformation
(Lijewski 1997). One of the more significant problems that affected rail passenger transport was
the process of suspending passenger volume, which excluded many cities from rail-transport sup-
ply (Koziarski 1993; Taylor 2006, 2007, 2008; Bochenriski 2016).

General characteristic of transport supply and passenger
volume

On average, 13 pairs of trains per working day (Fig. 2) and 11 pairs per weekend day (Fig. 3),
departed from each town and city surveyed. The highest value for working days was recorded
in Jaworzyna Slaska (30.5 pairs per day), the lowest value, i.e. five pairs per day, was in turn not-
ed in seven of the towns and cities (13.5%). The most urban centres (9 out of 51) were served
by seven pairs of trains per working or weekend day, indicating a low-quality offer. Furthermore,
in 35% of the surveyed urban centres, the transport supply proved to be below eight pairs of trains
per day. According to Majewski (2006: 146), this may be considered an ‘insufficient offer’. On
a non-working day, the number of pairs of trains was generally proportionally smaller, reaching
the highest value in Legnica (24.5 pairs of trains). There is a tendency to create a transport supply
based on a large number of rail connections, particularly on the main sections of the rail network.
Railway lines characterised by worse technical parameters (e.g. a lack of electrification on the Leg-
nica-Kamieniec Zgbkowicki section, or low speeds on the Ktodzko-Kudowa-Zdrdj section) have few-
er pairs of train connections.

Figure 2. Numbers of train connec-
tions on working days
Source: author’s own elaboration
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Figure 3. Numbers of train connec-
tions at weekends
Source: author’s own elaboration

Number of train
connections (weekend)

5 10 20 245

0 25 km

As for the passenger volume on working days (Fig. 4) and weekend days (Fig. 5), on average
643 people (working day) and 447 (day off) used rail transport on a daily basis in the studied towns
and cities. The largest traffic generators on working days are located in the main hubs and around
Wroctaw. Moreover, passenger volume is tending to grow in the case of some lines, as is par-
ticularly noticeable on the Wroctaw-Wegliniec route, on which the largest traffic generator of all
the discussed towns and cities is located (Legnica). Other towns making a notable contribution
to the generation of passenger flows are Bolestawiec and Wegliniec. Location proves to be a very
important aspect as weekly passenger volumes on working and weekend days are differentiated.

Figure 4. Passenger volume
on working days
Source: author’s own elaboration
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Figure 4. Passenger volume
on working days
Source: author’s own elaboration
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The drop in passenger volume on weekend days compared with working days is particularly notice-
able on railway routes around Wroctaw, given that passenger volume in the agglomeration is main-
ly generated by daily commuters travelling to and from work and schools. In general, local lines
do not show such significant differentiation, in extreme cases generating more traffic at weekends
than on working days (e.g. Bardo and Jedlina Zdrdj). The lowest working-day passenger volume
amounting to 8 passengers was recorded at Jedlina Zdrdj. The lowest number of weekend passen-
gers in turn used the station at Miedzybdrz Sycowski (11 people a day).

Figure 5. Passenger volume
at weekends
Source: author’s own elaboration
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Transport supply and passenger volume disparities

There are different methods for assessing passenger potential and the transport supply. An index
that describes the two elements in a qualitative manner may reflect the disparity between work-
ing- and weekend-day passenger volumes and the transport supply. The analysis of differences
between weekend and working day train timetables showed that no town and city had more train
connections on weekend days than on working days. Equally, the transport supply was the same
throughout the whole week in 47% of the analysed towns and cities. Furthermore, no weekend
offer was at a level below 50% of that available on a working day. The average value of the disparity
index for all towns and cities was 0.88.

The spatial distribution of disparities between individual transport supplies proves very inter-
esting (Fig. 6), with a stable transport supply characterising the entire western part of the province
(located far from the capital Wroctaw and delimited by the Legnica-Kamieniec Zabkowicki line). In
turn, western peripheral parts of the region do look to be at risk of transport exclusion. At most
stations, the drop in the number of train connections at weekends compared with working days
was relatively small. This may indicate that rail transport supports the public transport system
in this area.

The situation is different in the eastern part of Lower Silesia, with the most major drop in num-
bers of pairs of trains at weekends as opposed to weekdays observable along six routes starting
in Wroctaw (i.e. the lines leading from there to Gtogdw, Zmigréd, Oleénica, Jelcz-Laskowice, Otawa
and Katy Wroctawskie). These are agglomeration lines in which the supply of transport is adapted
to the activity of residents, who basically travel to and from Wroctaw on working days. However,
it should be noted that the largest drop of all (a disparity index of 0.5) was recorded for the route
to Jelcz-Laskowice, with the authors of the analysis in this case regarding such a major disparity
as likely to affect the attractiveness of rail transport, which ought to be the backbone of the trans-
port system in this region. This is to say that, in their considered view, the disparity between week-
end and working-day offers should definitely be smaller than it is at present.

Figure 6. Disparities between trans-

port supply
Source: author’s own elaboration
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Figure 7. Disparities between pas-
senger volume
Source: author’s own elaboration
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Analysis of differences between weekend and working-day passenger volumes (Fig. 7) showed
significant quantitative and spatial diversity. The mean value for all analysed urban centres was 0.9,
with the range being from the lowest value of 0.29 characterising Miedzybdrz Sycowski to the high-
est value of 2.24 noted in the case of Jedlina Zdréj. At 33% of the stations analysed, the weekend
passenger volume was found to be higher than that on working days.

This proved mainly to be a feature of urban centres located in western parts of the region.
Towns and cities showing the most marked disparities are located in highly attractive tourist areas,
with increased traffic at weekends thus tending to reflect tourism®. Localities involved include Sz-
klarska Poreba, Polanica Zdréj, Kudowa-Zdrdj, Jedlina Zdréj and Gtuszyca. Equally, the area around
Wroctaw stands out very strongly with respect to the discussed indicator, as here we find towns
showing the lowest relative weekend passenger volumes as compared with those on working days.
The Legnica-Kamieniec Zgbkowicki section can thus be considered a kind of border separating
the province into two different parts.

The relationship between transport supply and passenger
volume

The study analysed the impact of the supply of transport on passenger volume in individual towns
and cities. Moreover, the correlation between transport supply and weekend v. working-day dis-
parities in passenger volumes was determined, against the background of those two elements. In
other words, an answer was sought to a question regarding possible interactions between a drop
in numbers of trains on weekend days as opposed to working days and passenger volumes associ-
ated with particular towns and cities.

® When analysing the role of transport in areas proving highly attractive to tourists, Dickinson and Robbins (2008)
stated that journeys in such areas ‘are not part of daily routine’ (p. 1113).
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The examined features were measurable and showed a linear correlation. The strength
of that could then be assessed using the Pearson correlation coefficient. The values of features
were first normalised, hence the use of the terms ‘transport supply index’ and ‘passenger volume
index’. There was found to be a strong connection between the transport supply index and passen-
ger volume index in the towns and cities of the region of Lower Silesia province, on both working
days and weekend days. The values of the Pearson linear correlation coefficient were 0.78 and 0.82
for working days and weekend days respectively, attesting to significance at p < 0.01 (Table 2).

Table 2. Pearson correlation coefficients

Working day | Weekend | Disparity | Working day | Weekend | Disparity
transport | transport | transport | passenger | passenger | passenger
offer offer offer volume volume volume
Working day transport offer 1 0.894** -0.619** 0.781** 0.748** | -0.434**
Weekend transport offer 0.894%** 1 -0.211 0.730%* 0.825** -0.219
Disparity transport offer -0.619** -0.211 1 -0.438** -0.203 0.591%**
Working day passenger volume 0.781** 0.730%* | -0.438** 1 0.904** -0.418**
Weekend passenger volume 0.748%* 0.825%* 0.203 0.904** 1 -0.189
Disparity passenger volume -0.434%** -0.219 0.591** -0.418** -0.189 1

** — significance level of 0.01
Source: author’s own elaboration

The fact that the value is greater for weekend days may imply a transport supply with fewer train
connections at weekends affecting passenger behaviour to a greater extent. This is also confirmed
by another correlation indicating that the greater the disparity between weekend and working-day
train connections, the more disproportional the passenger volume. The graphic representation
of the two-dimensional distribution points to the positive and linear nature of the correlation be-
tween the indices for transport supply and passenger volume, on both working days and weekend
days (Fig. 8). Most towns and cities are grouped in the lower parts of the chart, indicating low
values for both the transport supply and passenger volume. In both charts, the position of Legnica
stands out, as it has the highest score in nearly every respect. Jaworzyna Slaska is an interesting
case, given its recording of high scores for transport supply, but low scores for passenger volume,
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Figure 8. Correlations between the transport supply index and the passenger volume index
(working days — left; weekends — right)
Source: author’s own elaboration
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on both working and weekend days. This is primarily because the town in question is one of this
region’s main railway hubs. Thus many pairs of trains leave in various directions, while the town
itself lacks the residents needed to ensure equally high passenger volume. Hence the dispropor-
tions referred to.

Interestingly, there are no towns and cities in the upper left part of the chart; indicating
that in no case does a poor-quality transport supply translate into high passenger volume.

Conclusions

The study allowed for a determination of the most important regularities to the operation of rail
transport in Poland’s Lower Silesian region. The results offer clear confirmation that a good-quality
transport supply (as based on numbers of rail connections) translates into high flows where pas-
senger volume is concerned. The acceptable threshold above which volumes in towns and cities
increased markedly was about 8-9 pairs of trains per day — a value that can therefore be consid-
ered the necessary minimum for potential passengers. Majewski (2006) also emphasises the need
to create a high-quality transport supply (of at least 5-6 pairs of trains per day). It is symptomatic
that no low-quality transport supply translated into high passenger volume.

These correlations also confirm the status of number of rail connections as a basic criterion
upon which to assess transport supply. Other modelling factors, such as intervals between depar-
tures, travel comfort, the quality of possible interchanges, a high frequency of trains and promo-
tions, etc., seem to be important only when the number of rail connections is anyway comparable.

The authors investigated transport disparities by reference to two types of data: on transport
supply and on passenger volume. While disparities between working-day and weekend supplies
of transport are relatively small, those between working-day and weekend passenger volumes
are much greater. This is manifested in both spatial and qualitative aspects. While the dispari-
ties are high at stations close to Wroctaw, they prove to be far more limited in the western part
of the region. Moreover, there are centres in which weekend passenger volume prevails.

There is thus a basis for distinguishing two types of passenger volume in Lower Silesia, i.e.
highly irregular agglomeration traffic generated primarily by daily commutes to and from work
and schools, as well as regional and tourist traffic proving to be more regular throughout the week.

Conclusions from the study, as set against those obtained in similar studies abroad, make clear
the great importance of internal factors in Poland. However, planning should be based primarily
on regular and stable timetables. Depending on the rail line and the technical possibilities, trans-
port supply should entail a minimum of 8-9 pairs of train connections per day on local routes,
as well as more pro rata on major routes.

Itis also crucial to pursue an appropriate transport policy based, in particular, around integrat-
ed transport systems. If the Office of the Marshal (as head of the regional administration) is re-
sponsible for regional rail transport, it should also take on the task of developing an integrated rail
and bus system. Although rail transport is indeed considered the transport backbone, this does not
mean it should be the only element to the solution. A bus network should be added so that pas-
sengers can be carried to local interchange nodes. This solution would complement the railway
network, and make it more accessible in areas at risk of transport exclusion.
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