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1 Introduction

The decision of mode choice remains a crucial issue in studying transport geography. Although some cities
or even countries have been successful in shifting car users onto public transport, others are struggling
despite their efforts to make public transport more attractive. Many relevant factors influencing the final
decision have been identified, but two of them are the most important: the travel time and the level of varia-
bility of travel time (van Vugt, van Lange and Meertens 1996). Unlike price and other factors, time spent
traveling is an absolute constraint that cannot be increased infinitely (Vande Walle and Steenberghen 2006).
Travel time is not uniform, but consists of several phases: preparation time for a journey, walking and wai-
ting time, time needed for interchanges, and in-vehicle time. All of these times are perceived differently
by individual passengers. In addition, passengers are more sensitive to out-of-vehicle time than in-vehic-
le time (1.5 to 2.3 times more; Vande Walle and Steenberghen 2006). The phases of out-vehicle time are
quite variable. The time needed for preparing varies according to the length, purpose, and frequency of
the journey. Walking and waiting time are mostly perceived negatively (except for very long journeys),
and in the case of commuting using suburban public transport (SPT) walking time can make up 24 to 30%
of the time of the entire journey in the Czech Republic (Ivan 2010). Changes of transport vehicles or trans-
port modes are generally perceived negatively. Only a few empirical studies have tried to quantify the weights
for particular out-vehicle times. Vande Walle and Steenberghen (2006) provided a general overview of the-
se studies, and the Flemish multimodal transport model is considered to be the most complex one. This
model provides weights for each out-vehicle time; one minute of waiting time is weighted by 165%, each
minute of walking time by 150%, and for each change of vehicle an extra factor is added between 2 and 15 mi-
nutes, depending on the characteristics of the interchange.

Vehicle or transport mode interchange is a fundamental issue. On the one hand, passengers in mul-
timodal transport systems often have to change their transport mode to reach their destinations, and the
interchange can significantly expand the accessible area. On the other hand, this has a significant impact
on the demand for the public transport and reduces its competitiveness because interchange has a cost,
which can often be quite considerable. The process of urban sprawl and reorganization of public transport
planning in most cities makes interchange one of the crucial problems of public transport. Based on a study
by Guo and Wilson (2011) comparing the situation in several cities, about 70% of underground trips and
30% of bus trips involve at least one interchange in London, and 70% and 40% of all public transport trips
include one or more interchanges in Munich and Paris. Bole etal. (2012) also noted that the role of train
and bus transport should be increased and connected to urban public transport (UPT) at primary interc-
hange nodes in the case of Ljubljana.

The interchange nodes can be developed in places where two or more public transport links or trans-
port modes cross or approach. The most important requirement for the interchange nodes from the public
transport operators’ point of view is securing passengers’ maximum safety and comfort. The most impor-
tant requirement from the passengers’ point of view is the time needed to carry out the interchange; they
prefer a short, one-level transfer. It is important to minimize the distance and time connected changing
between transport vehicles; quick and easy interchange is essential. Based on the results from thirty-two
in-depth interviews conducted with public transport users in Scotland, several factors associated with poor
quality of interchanges have been selected (Hine and Scott 2000). Common complains relate to poor qua-
lity of the waiting environment, paying for toilet facilities and their poor standards, poor timetables, personal
security, poor signage within the interchange node, and long distances between different interchange nodes.
Similar results have also been reported by Wardman etal. (2001). Nevertheless, for passengers an interc-
hange is mainly considered a potential cause of delay (Stokes 1994). In general, participants in the in-depth
interview study sought to avoid interchanges (especially during commuting and similar time-sensitive trips).

The issue of interchange is often overlooked by public transport planning agencies, although they are
often aware of the importance of convenient interchanges. Based on the results of a survey conducted in twen-
ty European cities by the European Commission, many operators did not know the volume of interchanges
taking place in their systems. They have explained this disinterest by the impact of several factors: organi-
zational barriers, the fact that interchanges cannot be completely eliminated by transfer planning improvements
towards seamless travel, and lack of analytical tools to understand interchange behaviour (GUIDE 1999).

This paper reports the findings of an analysis of interchange nodes in thirteen regional capitals (NUTS3)
in the Czech Republic. The goal of this paper is to select several main interchange nodes (stops, stations)
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from current stops within these cities based on current timetables and proposed methodology to deter-
mine whether they play the role of interchange node during the entire day, and to determine the main public

transport mode orientation of regional capitals. For this paper, an interchange node is defined as a pub-
lic transport stop used for changing between SPT and UPT.

2 Methodology of interchange node localization

The approach for localizing interchange nodes used in this study was based on real transport connections
offered by current timetables. This study does not calculate real flows of passengers. This methodology invol-
ves searching hundreds of public transport connections between defined places of origin and destination in
thirteen regional capitals. The hypothesis is that a public transport stop is considered an interchange node if
itis suggested by timetables several times as the stop to change the transport vehicle (mode) from SPT to UPT.

2.1 Origins: surrounding municipalities

The municipalities of origin for commuting by public transport were defined by a set of ten municipalities
surrounding each of the regional capital within 100 kilometers (as the crow flies). Two important factors
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Figure 1: Surrounding municipalities of the origin: the case of Ostrava.
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were considered for selecting these 130 municipalities. Significant and stable commuting flows between
each municipality and the capital must exist according to the results of the 1980, 1991, and 2001 censu-
ses. The second condition ensures the spatial distribution of these municipalities around the regional capital
to include possible commuting flows from all directions (Figure 1).

2.2 Destinations: randomly selected stops in regional capitals

Randomly selected UPT stops played the role of destinations. The count of these stops differs from city to
city because of their sizes. The maximum number of UPT stops was selected in Prague, where one randomly
selected UPT stop defines each part of the city, and so destinations in Prague are ultimately defined by fifty-se-
ven UPT stops. The second- and third-largest cities (Brno and Ostrava) are each defined by fifty UPT stops,
even though the number of city districts is halved and each city district contains at least one UPT stop. In
the case of the other ten smaller regional capitals, 1% of all UPT stops within the city were selected, but at
least ten UPT stops. Altogether, 268 UPT stops were randomly selected in all thirteen regional capitals.

Author of contents and map: Igor Ivan
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Figure 2: Randomly selected UPT stops as destinations: the case of Ostrava.
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2.3 Interchanges: localization of interchange nodes

After the selection of places of origin and destination, public transport connections between all combi-
nations were searched using current timetables with arrival at 8 am. This time corresponds to the beginning
of the morning shift (Mudrych 1998). All connections were searched for June 22, 2010. Overall, more than
2,500 connections (for one commuting time) were searched in timetables. These connections had to meet
specific criteria used for public transport connections in the database of Public Transport Connections.
This database has been developed every year since 2006 for the Integrated Information Portal of the Mini-
stry of Labor and Social Affairs in the Czech Republic. The total duration of the journey is limited to ninety
minutes, the arrival at the destination cannot be earlier than sixty minutes before the shift, the departu-
re of the journey cannot be earlier than two hours before the shift, and total number of interchanges must
be fewer than five (Ivan et al. 2013). The most suitable among all the connections meeting the criteria was
selected and several attributes were recorded, including the name of the stop used for the interchange between
SPT and UPT, the total travel time, and the travel time in SPT and UPT vehicles. The final list of inter-
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Figure 3: Final interchange nodes: the case of Pilsen.

226



Acta geographica Slovenica, 56-2, 2016

change nodes is based on the frequency of use. In the case of Prague, Brno, and Ostrava, each public trans-
port stop used more than ten times is considered the interchange node. In the case of other cities, the selection
of resulting interchange nodes is more individually based on local conditions without any specific limit.
Altogether, seventy-seven interchange nodes were selected in these thirteen regional capitals for commu-
ting at 8am.

3 Results and discussion

Altogether, there are almost 2,500 SPT stops in these thirteen regional capitals (about 95% of them are bus
stops). The biggest number of interchange nodes is in Prague (fourteen), Ostrava (thirteen), and Brno (nine),
which reflect the population of these cities. The slightly larger number of interchange nodes in Ostrava is
caused by the polycentricity of this industrial city (for more, see Hruska-Tvrdy etal. 2012) compared to
historical cities such as Brno and Prague. Considering the modal split, among all seventy-seven localized
interchange nodes, fifty-one nodes are serviced by buses and twenty-six by trains, which makes trains more
important considering the general share of bus stops among all SPT stops. The interchange nodes servi-
ced by buses usually make up 60 to 80% of all interchange nodes in the city. Nevertheless, there are three
exceptions: Prague is the only city with a prevalence of interchange nodes serviced by trains; only two interc-
hange nodes (equally serviced by bus and train) were localized in Hradec Kralové, and, finally, all four localized
interchange nodes in Jihlava are serviced by buses, mainly because of the lack of a connection to the rail-
way corridors (see Figure 4).

3.1 Centrality of interchange nodes in regional capitals

The centrality of the interchange node is defined as the number of interchanges per interchange node. The
centrality for 8§ am commuting varies from 13.2 in Pardubice and Liberec to 41.3 in Brno. The extreme situa-
tion in Brno is caused by 153 interchanges available at the main train station connected to the first railway
corridor. This station is located close to the city center and services the entire region (about 60,000 tra-
vellers daily). The close UPT stop ensures accessibility to the entire city by several tram, trolleybus, and
bus links, which further increases its importance. Hradec Kralové is also a city with high centrality, with
an average of forty interchanges per interchange node. The most used interchange node (newly develo-
ped in 2008) is serviced by bus transport and plays an important role in the regional public transport system.
This new transport terminal ensures the centralization of all bus links (urban, suburban, and national) at
one location (Internet). The second interchange node is in front of the main train station (a five-minute
walk from Terminal HD) and ensures interconnection of the railway and urban transport system.

The situation is different in Pardubice, Liberec, and Zlin, with centrality ranging from 13 to 15. In Libe-
rec, the most important interchange nodes are the bus and train main stations. The official terminal (Fiignerova)
was not selected by the methodology because of the small number of proposed interchanges. The results
were also confirmed in 2013. This UPT stop is far from the main bus or train SPT stops. If timetables sug-
gested using it, the walking time to the Fiignerova stop is fifteen minutes and, together with waiting times,
the total out-vehicle time is about nineteen minutes (compared to ten minutes using other interchange
nodes). The most often used interchange node in Pardubice according to timetables is the main train sta-
tion, which provides the connection to the first and third railway corridors (twenty-three interchanges).
The situation in Pardubice may change during 2014 or 2015 and the centrality of this station will increase.
The surrounding area will be rebuilt and a new transport terminal will make it possible to change all modes
of public transport at one location. Thus, it is possible that the future situation will be very close to the
current situation in Hradec Kralové. Zlin is also a city with low centrality and must rely more on bus trans-
port. The impact of railway transport is very low, which is caused by the lack of a fast connection to the
railway corridor (similar to Liberec). Zlin is connected to the corridor using the railway station in the near-
by city of Otrokovice by a non-electrified single-track railway with low capacity and a frequent trolleybus line.

Figure 4: Number of interchange nodes in regional capitals. » p. 42
Figure 5: The centrality of interchange nodes in regional capitals » p. 43
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The city council of Zlin is aware of this limitation and has already approved the new Zlin 2020 strategy,
in which the development of a new transport terminal and connection to main railway network are among
the main aims.

3.1 Orientation of regional cities to transport modes

Cities can also be classified according to their orientation to railway or bus modes. The orientation is defi-
ned as the difference between the average number of interchanges at bus interchange nodes and average
number of interchanges at railway interchange nodes. If the final ratio is -10 or less, the interchange node
is considered railway-oriented and, analogously, if the final ratio is above 9 the interchange node is bus-orien-
ted. Brno, Pilsen, Olomouc, Usti nad Labem, and Ostrava are the cities with the highest dependence on
trains (in descending order). This is mainly due to the connection to the railway corridor and the domi-
nant role of main railway station close to UPT stops. The city absolutely most dependent on railway transport
is Brno, where 55% of all interchanges are made at three localized railway interchange nodes (33% of all
nodes) and the average number of interchanges at railway stations is almost 2.5 times higher than in case
of bus nodes. On the other hand, Jihlava, Ceské Budéjovice, and Zlin are dependent mainly on bus trans-
port. This is mainly due to their peripheral position in the railway network hierarchy (although Ceské
Budéjovice is connected to the fourth railway corridor) and the dominant role of the bus station. The situa-
tion in Jihlava may change during the coming years, when the new transport terminal will be developed
next to the existing railway station. The third group consists of five cities with a similar average number
of interchanges at the interchange node of both modes.

3.2 Time stability of interchange nodes

The results presented above describe the 8 am commuting situation, but the selected interchange nodes
may vary for different times. To analyze the spatio-temporal stability of interchange nodes, the interchan-
ge nodes have also been localized for 2 pm and 10 pm as the beginnings of the afternoon and night shifts.
The three largest cities (Prague, Brno, and Ostrava) were selected for the case study.

Generally, the number of significant interchange nodes decreased and the use of the most important
nodes increased, reflecting the principle of elitism and increase of centrality. Based on 570 connections searched,
fourteen interchange nodes were selected in Prague for 8§ am commuting. This number decreased to ele-
ven for commuting to the afternoon shift or twelve for commuting to the night shift. This development
is quite unique among the cities analyzed. The railway station (Masaryk station) remained the most impor-
tant for all commuting times. In case of all times analyzed, one bus stop (Cerny Most or Opatov) reached
a similar frequency of use as the Masaryk station. Prague is a typical city with a large number of interchan-
ge nodes with similar use without one or two significant central interchange nodes. No interchange node
is as central as in the case of Brno or Ostrava, with a share above 20% of all changes made at one stop.

In Brno, nine and six interchange nodes were localized for commuting to the afternoon and night shift.
The main role of the central railway station also remains unchanged for other commuting times and the
frequency of its use increased to 44.2% for 10 pm commuting. This increasing centrality causes a decrea-
sing use of all other important interchange nodes, mainly bus stops. Three bus interchange nodes provide
25% frequency of use for 8 am commuting, but only one of these stops plays the role of an interchange
node with a frequency of about 3% for 10 pm commuting.

The Svinov railway station and Svinov Mosty bus stop remain the most important interchange nodes
in Ostrava, but they switch positions for night shift commuting. They service the connections from the
western and southern parts of the region. In the case of 8 am commuting, more than 25% of interchanges
are made at these two nodes and this share increases to 33% of all interchanges for 10 pm commuting. The
other important interchange node is the main bus station in the city center, with an increasing frequency
of use from 6% to almost 10%. This stop serves the heavily populated eastern part of the region. Howe-
ver, the situation may change during the coming years because the city council plans to develop four main
interchange nodes. This analysis has located two of them so far.

Figure 6: The orientation of regional capitals to transport modes. »
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Figure 7: Time stability of interchange nodes in Prague, Brno, and Ostrava.

4 Conclusion

Changing vehicles or transport modes is a very current topic mainly due to budget cuts in support for pub-
lic transport. This is why city councils, regional government, and the national government in the Czech Republic
must economize public transport connections. This leads to decreasing the number of parallel links and
to increasing the number of interchanges to reach final destinations. This paper introduced a methodo-
logy for localizing theoretical interchange nodes in thirteen regional capitals in the Czech Republic. Based
on current timetables, over 2,500 public transport connections were evaluated and seventy-seven interchan-
ge nodes for 8 am commuting were localized. Generally, it is possible to divide regional capitals into three
categories according to dominance of railway stops (five regional capitals) or bus stops (three regional capi-
tals) for interchange from SPT to UPT. The third group consists of capitals with a similar use of both types
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of transport (five capitals). Similarly, the centrality of interchanges within these cities can be evaluated. Many
cities have their own specific features, and two main factors influencing interchanges in the city can be
selected. First, the existence of a connection to the railway corridor increases the importance of the main
railway station. Second, cities with already existing or recently developed transport terminals interconnec-
ting SPT and UPT are unique in the centrality of their interchanges (the cases of Hradec Kralové and Brno).
The situation could change in the future because in several capitals there are projects to develop new mod-
ern transport terminals (the cases of Zlin, Jihlava and Pardubice).

The time stability of these interchange nodes for 2 pm and 10 pm commuting was investigated based
on the example of three regional capitals (Prague, Brno, and Ostrava). The results tend to show similar figu-
res related to principle of elitism. The number of significant interchange nodes decreased, whereas the frequency
of use of some of the most significant interchange nodes increased. There is also a tendency for an increa-
sing number of connections that did not meet the criteria of the methodology presented. New interchange
nodes (less important due to their frequency of use) appeared rarely and with only a small frequency of use.
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