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ABSTRACT

Public transport authorities are aiming for more integrated concessions, including bus, train
services, to provide a better experience for travellers. This paper describes the analysis of
the effect of multimodal concessions.

First, the Dutch Province of Limburg moved from uni-modal to a multimodal concession. The
paper analyses effects of that choice had for network design, travel times (using weighted
generalized travel time), travel costs, patronage (using smart card data analysis), and
coordinative interactions between operator and authority (based on interviews).

Second, the paper analyses three different forms of coordination between bus and train
services, using the STO model. It compares three regional concession in the Netherlands in
Limburg, Fryslan, and Groningen. They represent one region with a multi-modal concession
under net-cost, one region with multiple unimodal concessions under net-cost and one region
with multiple unimodal concessions under mixed forms of contract.

The paper concludes that multi-modal concessions provide some real-world advantages to
travellers and authorities. However, to what extent these advantages materialize is
dependent on a number of key factors, including the type of contracts used, the number of
transport authorities active in the concession area and the role that the transport authority
wants to take up.

1. Introduction: multimodal concessions, good idea or not'.

All across the world, Competitive Tendering (CT) of concessions is used as a model of
governance for public transport service (PT) provision (Hensher and Stanley, 2008). A key
question is what services to include in the concession, with various advantages and
disadvantages for both smaller and large concessions, multi-modal and single-modal
concessions. This paper aims at providing answers on how to move forward on that
dilemma, with a focus the question of multi-modality.

In the Netherlands, the Passenger Transport Act 2000 (Wet Personenenvervoer 2000, 2001)
directed the reorganisation of the Dutch regional PT system. Although CT of concessions
has led to, in most places, more customer focus and more efficient operations (Beck, 2011;
Mouwen & Rietveld, 2013), also some externalities are noticed. The push for

' This paper is based on the MSc Thesis: Gerald Hoekstra (2018) Push Back the Boundaries; The
potential of multimodal concessions to make modal boundaries in public transport disappear.
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defragmentation resulted in (more) unwanted boundaries at concession borders, both spatial
as well as between modalities. Those borders are expressed in, for example, tariff variations
and poor connections. Borders will always remain in a PT system where many operators are
present, but some of them can be taken away or reduced. An often-proposed solution to let
modal boundaries disappear is CT of multimodal concessions. In such a concession, the
operator obtains the right to perform PT by both regional train and bus in a particular area. In
theory, the borders between those modalities should, then, be taken away, resulting in an
integrated PT system for passengers, while at the same time operations get more efficient,
since no competition exists anymore between train and bus. A Public Transport Authority
(PTA) only has to deal with one operator, which simplifies the current situation in most cases.
However, also some expected drawbacks of multimodal concessions can be mentioned. For
example, multimodal concessions are often larger and only larger operators are able to bid
on them. Multimodal concessions seem to have potential in theory, but the real benefits and
drawbacks are unclear yet. Therefore, the main question of this study is What are the pros
and cons of contracting out regional multimodal public transport concessions for travellers,
authorities, and operators instead of regional unimodal concessions? Thereby, the focus is
on regional train and bus operations in a non-urban context.

Various forms of Public Transport (PT) should be better connected to each other, to better
match the traveller's needs. Although this statement can be interpreted broadly, it gives an
indication of the importance of alignment between different modalities, which is the topic of
this research. More specifically, the alignment between regional train and bus is the main
focus. In this chapter, the focus is on the research structure. The problem is made clear in
this section by a problem description and thereafter summarised into the problem statement.
Finally, the research goal that follows from the problem description and statement is
mentioned.

The decentralisation in the Netherlands provided PTAs a lot of freedom to shape the
concession contract with the operator (Veeneman & Van de Velde, 2014). Consequently, PT
concessions differ in terms of size, number of modalities, and freedom for the operator to
introduce (innovative) improvements to the system. After the introduction of the Passenger
Transport Act 2000, most concessions were relatively small (Veeneman & Van de Velde,
2014). Initially, the national government pushed for modal, regional, and organisational
defragmentation to simplify the various layers of government and increase efficiency.
However, this resulted in many undesirable boundaries in the PT system: different identities,
fares, and no smooth transfers (Veeneman, 2016).

The externalities of the boundaries in the system were noticed by the PTAs. As a solution,
the PTAs took measures: regional cooperation became stronger, smaller PTAs merged, and
integrated or multimodal concessions were tendered out (Veeneman, 2016). As can be seen
in figure 1.1, the total number of concessions decreased from 61 in 2011 to 34 in 2018
(CROW, 2013; Veeneman & Van de Velde, 2014. In a multimodal concession, the contracted
operator is responsible for different modalities in a region, often train and bus. Regional train
services and bus lines are integrated in this way. Sometimes demand responsive systems
are included as well (Veeneman, 2016).

In the PT sector, a lot of expected advantages of multimodal concessions over unimodal
concessions go around. Since train and bus operations are provided by one operator,
competition between these companies is not possible anymore. This should result in more
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efficient operations, better passenger service and an improvement in the cost coverage ratio.
Besides that, the interaction with only one operator should simplify the coordination task for
the PTA. An expected benefit for travellers is a better integrated PT system, which translates
among others in tariff integration. A regional integrated PT system focuses more on regional
passengers instead of through travellers. Transfers from bus to regional train are promoted
and improved. Since the average passenger travel distance by train in the Netherlands is
28.9 kilometre (UITP, 2016), probably more travellers are served better in their daily urban
system. Also, network design is seen as an advantage, because different networks in a
region can be better aligned with each other. Network design in a lot of regional concessions
has hardly changed for decades: most buses simply traverse all villages passing by on their
way to the city. A feeder network, in which buses feed a regional railway line, can be a way
to decrease Travel Time (TT) for travellers and increase efficiency (Kuah & Perl, 1989).

Just like the expected advantages, some drawbacks of multimodal concessions are often
mentioned in the sector. TT is redistributed when a feeder network is applied. For
passengers who used to take a direct bus to their destination, TT might increase when such
a system is applied, and a lot of passengers could be faced with extra transfers from bus to
train. A second possible downside of multimodal concessions, in general, may be that only a
few larger operators are able to bid on these large and often complex concessions. This
might lead to reduced competition in the PT sector. Next, train and bus operations are
different specialisations and are often separated within companies. In a multimodal
concession, however, these different departments must work together. For example, traffic
control of train and bus should be tuned to ensure interchanges in the system. This requires
a different way of working. Finally, the focus on regional PT can be at the expense of
integration between trains of different operators.

Below section 2 will discuss the research approach, section 3 will discuss current literature
on coordination needs in public transport, section 4 discusses the analysis before and after
situation in Limburg, going from uni-modal concessions to multi-modal, section 5 discusses 3
different cases of coordination between train and bus in the Netherlands and finally, section 6
draws up the conclusions.

2. The problem and approach: The effects of multi-modal concessions on travel and
governance
PT should be operated as one system with smooth transitions at concession boundaries
(Nes en al, 1988). Dutch PT is already relatively integrated (Van Oort et al. 2015), with a
single smart card system (but with usability issues using it cross concessions and operators)
and integrated travel planning across the system (with open access to various GTFS types
allowing for many providers). This means boundaries are still popping up for travellers, such
as different and unclear fares and no smooth transfers between different modes of transport.
A multimodal concession could reduce the modal segregation by accommodating several
modalities in a region at one operator but creates new coordination issues at other system
boundaries. The difficulty is to evaluate in which cases the advantages of multimodal
concessions outweigh the drawbacks.
This problem leads to the following question:
What are the pros and cons of contracting out regional multimodal public transport
concessions for travellers, public transport authorities, and operators as opposed to regional
unimodal concessions?
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The paper takes two complementary approaches. First, multi-modal concessions could lead
to better services for travellers, primarily because of the reduction of travel time by better
coordinated transfers. This paper evaluates travel times changes in a single situation by
analysing the effect of better integration, based on a real-world context. The Dutch province
of Limburg moved in 2016 from a unimodal to multimodal concession. Based on timetable
and smart card data, the effect of the overhaul of the network is analysed. The approach
uses the timetables pre and post 2016 to evaluate differences in shortest travel time on the
possible links in a central part of the province. This was done using Equation 1 to calculate
generalised travel time (GTT).

GTT = B, Twaiting t By Toust B Ttrain + (B, Teransfer + P) (1)
Twaiting = waiting time for bus or train
Thus = in-vehicle time in the bus
Ttrain = in-vehicle time in the train
Tiransfer = time between alighting and boarding at a transfer station
B1-4 = coefficient of a TT element
P = transfer penalty (per transfer)

GTT was weighted using smart-card data revealing the number of trips on these links is used
to calculate the weighted generalized travel time (WGTT) for both situations, uni-modal and
multi-modal. This provided a first glance on the possible benefits of the intermodal
concession for travellers, in this particular case.

Second, multi-modal concessions could lead to easier coordination in the interaction
between operator(s) and authorities. To evaluate that, the literature is used to take stock of
the various coordination needs in concessions, building of the STO model. Using those
coordinative needs within and between concessions, three cases were selected to evaluate
key differences in coordinative power. The aforementioned multi-modal concession on
Limburg is included (multimodal, obviously one operator), in addition of the concessions in
Groningen (unimodal bus and train concession, different operators) and Fryslan (unimodal,
but the same operator). This set up was chosen to see whether the effect of working with one
operator could be distinguished from the effect of working under one contract. These cases
all were operational all in 2018.

In these cases, interviews were carried out with both the transport authority as well as the
operator. The focus was on the coordination between the different modes and the role of the
operators and the authority in that coordination. Interviews put forward all aspects of
coordination coming out of the literature study.

Based on these two steps, recommendations are made on the value of multi-modal
concessions and on how to implement the in terms of governance.

3. Literature: The integration of modes in regional PT

Public transport is delivered more often in concessions that are regularly put on the market
through CT. CT is an incentive for operators to get more customer (not necessairily traveller)
focus in PT (Mouwen & Rietveld, 2013). The main expected effect is improving cost
efficiency (Hensher & Wallis, 2005). Amongst others, Van Egmond et al. (2003), ECMT
(2007), Beck (2011), Mouwen & Rietveld (2013), Veeneman & Van de Velde (2014),
Mouwen & Van Ommeren (2016) show from experiences with CT in Western Europe the
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expected efficiency improvements, and to some extent a better level of quality and customer
satisfaction at lower costs when (some form of) competition is introduced (Van Egmond et
al., 2003; Beck, 2011; Mouwen & Rietveld, 2013). Also, the critical role of the PTA is
mentioned. However, downsides of CT are found as well. Negative results may occur for
smaller operators and employees (Beck, 2011). Besides that, also in non- tendered regions,
an increase in passenger satisfaction can be observed, due to the pressure in a competitive
market on all operators to increase quality (Mouwen & Rietveld, 2013).

While the introduction of competition, more specifically CT, drove efficiency up, recently more
and more awareness can be observed on the topic of integration. That has to do with the
occurrence of boundaries in the PT system. In the Netherlands, the introduction of CT was
accompanied with a push for modal, regional, and organisational defragmentation by the
national government (Veeneman, 2016). Consequently, mostly unimodal concessions were
tendered. Another development was, due to the introduction of CT, more focus of the
operators on serving the contract. These two developments led to the negative externality of
an increase in boundaries. Boundaries are inconvenient for travellers when changing from
operator to operator or mode to mode. Examples of these externalities are different fares and
no smooth transfers (Veeneman, 2016). The boundaries can be classified into two forms:
spatial and modal (see Figure 1). Spatial boundaries can be observed between two regional
(bus) concessions and modal boundaries occur in the interaction between train and bus.
“Through intermodal integration, [...] passengers perceive the transit system as one, unified,
rather than fragmented system, and the offered services as “seamless” journeys with
minimum interruption, independently of the number of modes or operators involved” (Saliara,
2014, p536). Integration is used when the coexistence of more than one mode or operator
leads to cooperation issues (Saliara, 2014). The goal is to create a unified system of PT,
which is clear to (potential) users. Intermodal integration can be divided into three levels:
organisational, operational, and physical integration (Saliara, 2014). All levels consist of
different elements and are necessary for the development of a well-integrated PT system
where boundaries are not observed by the traveller. The three levels are partly dependent on
each other. Organisational integration is the most basic version of integration. A PTA that
coordinates PT in a region and arrangements between the PTA and operator(s) are
prerequisite for operational and physical integration.

Organisational integration | Operational integration Physical integration

- Existence of one or more | - Network layout - Access to facilities
independent public - Schedule - Location of facilities
transport authorities - Information - Design of stations

- Arrangements between - Fares and tickets - Control of vehicle
operators - Vehicle management movements

Table 1 Three levels of PT intermodal integration (Saliara, 2014)

3.1 Organisational integration

The first level of intermodal integration is organisational integration. It “describes the special
arrangements and contracts between the stakeholders ensuring their interest and
commitment to the system’s performance” (Saliara, 2014). The existence of one or more
independent PTA(s) to coordinate functions and operators and the arrangements between
operators are part of organisational integration. Organisational integration is needed before
operational and physical integration can take place at all.
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Arrangements through a Public Transport Authority

In order to organise PT in a private environment, an autonomous umbrella PTA is needed.
This PTA is responsible for PT in a region and ensures that different functions,
responsibilities, and jurisdictions of all involved operators are unified (Saliara, 2014). It sets
objectives for the intermodal PT system and balances commercial and passenger interests
(Rivasplata, 2008; Saliara, 2014). The PTA coordinates the regional PT operator(s). In some
cases, there may be several PTAs coordinating different modes of transport in a region.
Arrangements between those authorities are needed then as well.

When referring to PTAs, often the concept of the ‘Verkehrsverbund’ is mentioned (Saliara,
2014; Pucher & Kurth, 1995). This concept originates in the mid-1960s in the region of
Hamburg in Germany (Saliara, 2014). In that time, PT was highly uncoordinated, resulting in
annoying, time- consuming, and expensive transfers (Pucher & Kurth, 1995). The role of the
Verkehrsverbund is to stimulate both operational and physical integration of the services
offered by the operator (Saliara, 2014). It has the mandate to fully coordinate the PT in the
region, while preserving the existing operating companies (Pucher & Kurth, 1995).
Timetables, fares, and stops are all aligned to smooth transfers from one mode to another.
Furthermore, marketing and planning was the full responsibility of the PTA. The operators
are responsible for executing the services by providing the vehicles, staff, work schedules,
and maintenance (see table 2.4). Examples of more integrated organization, like the
Verkehrsverbund in Hamburg, caused an increase in ridership and was consecutively
conceived as successful. More extensive, higher quality, and better-integrated services were
the main reasons for that (Pucher & Kurth, 1995). Because of the success in Hamburg, the
general concept was imitated in other German cities and later also in countries like
Switzerland and Austria. Also there, most regions saw an increase in ridership. An example
of a current Verkehrsverbund is the Zuricher Verkehrsverbund (ZVV) in Switzerland. It
started in 1988 when the regional train network was decentralised. Since then, strong service
standards were defined. These standards still form the basis of the regional PT planning
(Petersen, 2009). In these standards, amongst others the times of operation, minimum
headways, and geographic coverage are defined. Strategic planning is the responsibility of
the ZVV. Tactical planning is (partly) delegated to the eight largest operators in the region.

In case of unimodal concession, the role we would expect of the authority is dependent on
the remuneration in the contract. Obviously, in gross-cost contracts, the incentive for the
operator to integrate services for the traveller is less than in case of net-costs contracts or
incentive contracts. In gross-cost contracts, the authority is expected to be the key driver of
integration. In case of net-cost contracts or other patronage related incentives, the role of the
authority could be less strong, when operators cooperate to deliver better integrated services
to the traveller. However, there is a risk with incentivised contracts. It could also drive
operators to compete in concessions, leading to parallel services, rather than integrated
services. In that case, again a strong role is expected of authorities to secure integrated
design and operation of services.

Arrangements between operators

Although PTAs have the right to set service standards and minimum requirements,
sometimes it can be desirable to let operators make mutual agreements. These agreements
can enlighten the task of the PTA. Another argument is that the formulation and execution of
regional transport planning are not done continuously in a privatised environment, which
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allows operators to operate without (e.g. fare or timetable) coordination (Rivasplata, 2008).
Therefore, PTAs can oblige operators to regulate specific topics themselves. Operators
themselves can also make arrangements together on a voluntary basis. Sgrensen & Longva
(2010) call this partnership coordination. A characteristic is that the regulation is not
enforceable directly. In the UK, for example, partnership coordination is used between bus
operators to improve service quality on certain corridors (Sgrensen & Longva, 2010).
Arrangements between operators are always needed, not only in unimodal concessions. An
example is the coordination between a bus operator and the national train operator.

Conclusion
In conclusion we see four possible organisational forms of coordination. Figure 1 shows the
four forms and the role of the operators and authority.

Partnership coordination Internal coordination
i i
E— R

Contractual coordination Financial coordination

i .
[23¢] 23¢]
e s

Figure 1 Four forms of organizational coordination

First, in partnership coordination the operators have uni-modal concessions with net cost
contracts. Given the above, the authority would probably have to obligate the operators to
coordinate the operational integration. In contractual coordination, the role of the authority is
stronger and rather than provide an obligation to cooperate, the authority will have to set
integration standards. In multi-modal concession, internal coordination is expected when the
contract is incentivised for patronage. Here the authority might set minimum standards, but
integration by the operator, both cost and revenue oriented integrations are expected. When
this incentive lacks, again the role of the authority needs to be stronger. Cost oriented
intergations are still expected, leading to a more efficient use of the different modes in the
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network. However, revenue orientation is lacking and as such a focus on patronage and a
good travel experience. This is where the authority again should step in with requirements.

3.2  Operational integration

Organisational integration can be used to achieve operational integration. Operational
integration refers to the planning of the PT system with minimum interruption (Saliara, 2014).
It relates directly to the supply of PT services for passengers. When operational integration is
achieved, passengers experience a smooth PT system. Network layout, schedules,
transfers, information, fares & tickets, and vehicle management (guaranteed transfers) could
be synchronised over the whole network. The selected aspects built on the STO model (Van
de Velde, 1999).

Network layout

Network integration is aimed to reduce wasteful duplication of services and improves the
utilisation of transport resources (Ibrahim, 2003). From a travellers’ perspective, travellers
can reach more destinations when PT routes are connected (Chowdhury & Ceder, 2013).
This increases the attractiveness of each service itself (NEA et al., 2003).

Switzerland is an international example of an integrated PT system, historically due to the
integration of train and bus services (Buehler et al., 2013). The integration is mainly
established by the different PTAs (Verkehrsverblnder). Petersen (2016) explores the case of
the Weinland PT network in the north of Switzerland, which can be classified as a ‘feeder
network’. In 1988, when the Verkehrverbund was established, most of the current existing
lines have been designed (Petersen, 2016). The basis of the network is the railway network.
The bus network design is based on that. Bus lines aim to feed the train network. Bus lines
parallel to the railway lines are prevented. Extra stations on the railway line can be opened to
serve the towns located there.

Several advantages and disadvantages of feeder networks can be mentioned (Bracun,
2012). Most passengers will notice a TT reduction. For the operator, a feeder network is an
efficient network to operate, because of economies of scale. In a feeder network, the smaller
(bus) lines are shortened, while the railway line can take on more passengers. This
increases the cost-coverage of such a network. The feeder network does however increase
transfers for some passengers. Also, the investment and revenue risks for the operator
become larger.

Schedule

Especially in regional PT, providing high-frequency services that can compete with private
car (Nielsen, 2005) is a challenge. Through “coordination and synchronization of arrival and
departure times of the involved lines and modes in order to reduce waiting, dwell, transfer
and total traveling times” (Saliara, 2014, p538), quality of service for travellers can be
improved (Nielsen & Lange, 2008).

An often-used principle in synchronised timetables is a pulse timetable. It can be described
as a network operation in which arrivals and departures are synchronised at important stops
or stations (Nielsen, 2005). This pattern can repeat itself at various intervals. It allows easy
transfer from train to bus or vice versa, and from bus to bus. A pulse timetable is even more
efficient when ‘crossing points’ serve as pulse point. These are stations where opposite
trains meet each other (Petersen, 2009). In 1982, the Swiss Federal Railways (SBB)
introduced pulse points in the railway system (Petersen, 2009).
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Improving transfers is the central goal of a pulse timetable. Interchanges are an essential
quality aspect for passengers since it has a significant impact on the reliability of the PT
system (Lee et al., 2017). However, operators not always have an incentive to provide good
interchanges. It can even make sense for them to offer bad interchanges (Potter, 2010), for
example in cases where a bus operator wants to attract train passengers in the same region.
Though, when the design boundary, the focus of optimization, is changed on a whole journey
of the passenger, interchanges become important for operators as well and might help to
generate passenger growth (Potter, 2010). For operators, a pulse timetable is less efficient to
operate, since the dwell time of (some) vehicles can be high on transfer stations (Nielsen,
2005).

Transfer times, however, are not just determined by the schedules. Planning interchanges is
a complex interaction between network, schedule, and physical integration (Saliara, 2014).
Lee et al. (2014) mention five main variables for the reliability of transfers: distribution of
arrival and departure times, walking time between the stops, planned transfer time, the
frequency of lines, and the number of transferring passengers. Transfer integration is needed
to reach a high level of reliability in a (multimodal) network.

Information

Next, all necessary travel information of the whole PT system, in particular interchanges,
must be easily accessible. When all information cannot be reached quickly, for instance
when the information is not provided at all, people will not even plan their journey (Terzis &
Last, 2000). How information is provided to travellers will influence the way the system is
used (Nielsen, 2005). For example, how a transfer point is depicted on a PT map can
encourage or discourage travellers to transfer at the particular stop. When information
integration is achieved, “the system is perceived as ‘one’, with a unified set of concepts and
common language in the communication towards the users” (NEA et al., 2003, p15). A single
brand for the PT system can be part of this.

Fares & tickets

An important aspect of operational integration for travellers is fare and ticket integration (NEA
et al., 2003). Ticket integration is about the payment method for a trip. Fare or tariff
integration refers to the price paid for a multimodal journey at one operator versus a
multimodal trip with more than one operator (NEA et al., 2003). Often, fare and ticket
integration go hand in hand, bit smart card systems allow for integrated tickets without
integrated fares.

An Integrated Tariff System (ITS) eliminates the need to purchase a ticket for each trip,
which makes it easier for passengers to transfer from one line or mode to another (Saliara,
2014). An ITS must satisfy two requirements to become integrated: no additional costs for
transfers and all modes and services use the same ticketing system (Sharaby & Shiftan,
2012). Besides that, the availability of tickets is also a point of interest (NEA et al., 2003).
Tickets can be valid for a short period or a whole season (Abrate et al., 2008), but can also
be referred to special groups or trip purposes (Saliara, 2014). Introduction of an ITS has
three desired contributions: shifting trips from private car or taxi to PT, creating new trips, and
offering more options for travellers to travel faster (Sharaby & Shiftan, 2012).

For travellers, ITS only seems to have positive characteristics solely. Therefore, passenger
growth can be expected when introducing an ITS. According to Abrate et al. (2009), an ITS
has an expected positive impact on passenger demand of 2% in the short-run and 12% in
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the long-run in the cases researched. The advantage for PTAs is that it avoids competition
between operators on this subject (Saliara, 2014). Consequently, PTAs are often needed to
regulate the fare system and to decide how to distribute the collected revenue.

Vehicle management

Vehicle management is about efficient real-time control of vehicles. Integrated traffic control
ensures that passengers can travel seamlessly between all parts in a region (Nielsen, 2005).
In a multi-modal concession it should control both bus and regional train. This is especially
important in the case of disturbances and disruptions. At this stage, integration can be
reached by providing guaranteed interchanges, adequate information, and/or remedial
services (NEA et al., 2003). The situation becomes more complicated in the interaction
between regional and ongoing IC trains of several operators. Proper arrangements between
the operators are essential in this regard.

3.3  Physical integration

Thirdly, physical integration plays a role in establishing an integrated PT system (Saliara,
2014). This mainly has to do with the planning and design of stops, stations, and transfer
centres (Miller, 2003). Physical integration aims to take away barriers. Mostly, physical
integration are usually the responsibility of the PTA or municipality. This means even in multi-
modal concessions, the role of the authority is probably substantial.

Access to facilities

PT facilities, such as transfer points, must be easily accessible to be able to compete with
private car. Walking distances to stops must be short and attractive (Nielsen, 2005). The first
aspect can partly be determined by the location (see below), but the second aspect can be
achieved by safe and comfortable pedestrian routes (Nielsen, 2005). When a route is more
attractive, passengers are willing to walk longer. Bike accessibility can increase the
catchment area of PT. The same holds for park and ride facilities.

Location of facilities

The second aspect of physical integration, the location of facilities, refers to the
establishment of transfer points. These must be located carefully (Miller, 2003). The largest
transfer points should be on important locations where both land use (for example a city
centre) and the PT network meet each other (Nielsen, 2005). Often, these are places with a
lot of work concentrations, commercial activities, and local centres of activity (Nielsen, 2005).

Design of stations

Stations should be nodes in the PT system where transferring can be done easily. Barriers to
transfer must be taken away as much as possible (Tarzis & Last, 2000). The physical design
of stations can help to create a structured and pleasant place to stay station that overcomes
the barrier to transfer. For example, in Singapore stations are continuously improved by
refurbishing bus shelters, adding linkway from station entrances to bus shelters, and
overhead bridges are added (Ibrahim, 2003). According to Nielsen (2005), the five most
important issues of physical station design are creating short walking distances, the need for
elevators and escalators, creating visibility between the main destinations to improve
orientation and safety, accessibility needs for the disabled, and weather protection, light, and
cleanness.
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Control of vehicle movements

Controlling vehicle movements is the fourth aspect of physical integration. It is about the
“coordination of vehicle movements for transfers to be safe without any conflicts between
pedestrians and vehicle movement” (Saliara, 2014). This allows passengers to transfer
safely from vehicle to vehicle and improves smooth operations at transfer stations.

3.4 Conclusion

What is the difference between a unimodal and a multimodal public transport concession?
A PT concession is a permit for an operator to run PT for a couple of years in a particular
region. During that time, competitors are excluded. An operator is contracted (obtains the
concession) when it has won the tendering process organised by the particular PTA. When
only one mode is tendered, the concession can be classified as unimodal. A multimodal
concession is a concession where two or more modes are contracted simultaneously.
Regional train and bus are contracted together in a multimodal concession is a form of
organisational integration, meant to simplify operational integration. Operational integration is
about the alignment of regional train and bus network layout, schedule, information, fares &
tickets, and vehicle management. However, operational integration is not limited to a
multimodal concession.

Topic Evaluation

Network + Average TT gain for passengers (Bracun, 2012)

layout + High loading factor and cost recovery (Petersen, 2009; Buehler et al., 2013)
(feeder + Financial compensation train-bus (Bracun, 2012)

network)

- On average more interchanges for passengers (Bracun, 2012)
- Larger (revenue) risks (Bracun, 2012)

Schedule + Minimises waiting time for passengers (Nielsen, 2005; Bracun, 2012)

(pulse + Fixed frequency all week long (Bracun, 2012)

timetable) |+ More travel option for passengers (Bracun, 2012)

- Complex interaction between network, schedule, and physical design (Saliara,
2014)

- Passengers not able to avoid transfers (Saliara, 2014)

- Stable and reliable running times needed (Nielsen, 2005; Lee et al., 2017)

Possible inefficient bus circuits (Nielsen, 2005)

Information [+ The system is perceived as one (NEA et al., 2003; Bracun, 2012)

+ Influences the attractiveness and the use of the network (Nielsen, 2005)
Fares & + Easier and cheaper transferring (Saliara, 2014)
tickets + More travel options to passengers (Sharaby & Shiftan, 2012)
(ITS) + No fare competition between operators (Saliara, 2014)
Vehicle + Seamless trips between all parts in a region (Nielsen, 2005)
management|

Table 2 Evaluation of different integration aspects

In literature, limited attention is paid on the different aspects of operational integration. The
studies found are primarily based on case studies and focus on passenger growth or
revenues. It is, therefore, difficult to determine the factors that influence the performance.
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Furthermore, most sources only focus on one of the aspects of operational integration,
mainly network and schedule. Generally speaking, the studies show positive results of an
integrated system. Weaknesses are hardly mentioned. Table 2 provides an overview of the
strengths and weaknesses of operational integration in a multimodal concession, from the
factors obtained in literature. It functions as a starting point for the rest of the research.

4. Analysis 1: The quantitative evaluation of the effect on travel-time

To understand the differences between multiple uni-modal concession and a single
multimodal concession, we analyse the effect of a new time-table as introduced at the
Limburg concession, when the concession changed from uni-modal to multimodal. The uni-
modal concession drove the new operator to integrate the design of the two modalities. They
choose a pulse timetable and setting it up as a feeder network, with the railway line as a
backbone. In addition, some buslines were sped up, with less stops. In addition, some
buslines got higher frequencies. Lines were simplified focusing on the rail backbone, allowing
for higher frequencies.

The analysis of the weighted generalised travel times (WGTT) showed how the pulse
schedule and the tight connection in the multi-modal concession delivered on faster travel
times, as Figure 2 shows. On specific links, the generalised TT of the new situation was
performing worse, as making rail the backbone demanded the cancelation of the direct link
between Roosteren and Echt. For travellers there, travel times increased slightly.

Former network Current network
@ Roermond @Roermond
[ [
‘\ % 1 o : % . &
s, [ o

]
]
Sittard ésmud

Figure 2 Schematic isochronic maps of non-generalised travel-times from Sittard station

A few advantages of the feeder network and pulse timetable can be mentioned. A
remarkable improvement is the enhanced bus-bus and train-bus connections, mainly caused
by the pulse timetable. Of the top ten links on which travel TT was reduced, gains ranged
from more than 60 percent to 15 percent. Of those ten, 4 were the result of new direct lines,
the other six of reduces transfer times, for which the improved coordination between train
and bus was helpful. 80 percent of the travellers that could notice improvement only travelled
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by bus, meaning the effect of a multi-modal concession was not relevant. Another 18 percent
travelled multi-modal before and after. The last 2 percent were changed to multimodal trips.
An analysis was made to evaluate the effect on costs for the passengers, showing short
multimodal trips substantially cheaper and longer trips marginally more expensive.

The analysis of the case showed that passengers generally were better off in the multi-modal
concession, however, with clear exceptions. TT was reduced mostly, however not for all
links. Cost were almost identical, except for very short trips. Apparently, there was an
advantage because of the integrated design and operation of the services by the new holder
of the concession. They really could make an integral design, that made most of bus-train
integration. This delivered better services, indeed, although with a few exceptions. In the next
section we will look at the governance approaches that can make this work, and whether
more integrative approaches can also be realized by strong authority coordination. However,
we have to be precise: the new services were better for passengers but could also be
realised by strong governmental coordination. To better understand the role of governance
the next section looks at three different cases and the coordination by governments and
operators.

5. Analysis 2: The qualitative evaluation of the effect on governance

The first case is the PT concession in the province of Limburg, a multimodal concession
awarded to Arriva. It started in December 2016 and lasts for 15 years. The concession can
be classified as large, with more than 200 buses and about 45 trains. Before December
2016, the PT network was split up into two concessions and included two regional railway
lines. Already then, some changes towards an integrated PT system were made. According
to former Veolia regional director Southern Limburg (Frank van Setten, personal
communication, 16 October 2018), this was mainly the case around the decentralised railway
lines. Concerning the rest of the network, the contract obliged the operator a minimum
provision level by bus for each town, based on the number of inhabitants. Predefined
frequencies and network layout were part of that. That was also the case around the non-
decentralised railway lines. These two railway lines were decentralised in December 2016.
From then on, one operator is responsible for virtually all PT in the province, except for some
on- going IC trains.

Case Case 1 Limburg Case 2 Fryslan Case 3 Groningen
. , R : Groningen Province (train)
PTA Limburg Province Fryslén Province OV-Bureau Groningen-Drenthe (bus)
Contract Multimodal net-cost [Unimodal net-cost Un!modal net-cost (train)
Unimodal gross-cost (bus)
Coordination |Internal Partnership Partnership (train)
Contractual (bus)
Network Voluntary fixed \VVoluntary ad-hoc .
. . A ., [Hardly cooperation
layout internal cooperation [internal cooperation
Schedule _\/oluntary fixed . Voluntary fixed intemnal Voluntary fixed external cooperation
internal cooperation [cooperation
Information _Voluntary fixed _ Voluntary fl)ied internal Hardly cooperation
internal cooperation [cooperation
Fares & Required fixed . .
tickets internal cooperation Hardly cooperation Hardly cooperation
Vehicle Hardly cooperation [Hardly cooperation Hardly cooperation
management
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The province of Fryslan is the second case. The concession is unimodal, under a net-cost
contract. The province was aiming to tender a multimodal concession starting in 2020, but
due to economies of scale, the regional train concession was again tendered together with
the province of Groningen and Niedersachsen (in Germany) (Provincie Fryslan et al., 2006).
This regional train concession is currently awarded to Arriva and recently won again for the
period 2020-2035. There are also two bus concessions, which are operated by Arriva as
well. The railway lines are mainly located in the north of the province. Therefore, the focus is
on this area with the corresponding bus concession ‘Noord- en Zuidwest-Fryslan’.

The provinces of Groningen and Drenthe house of the largest PT concessions in the
Netherlands regarding area size, representing the third case. This bus concession in
tendered out by the cooperating provinces of Groningen and Drenthe. The concession was
awarded from 2010 to 2016 and extended two times for two years to Qbuzz. Recently, the
new concession starting in 2020 has again been awarded to Qbuzz. The rail concession in
this area, granted to Arriva, is under the shared responsibility of the provinces of Fryslan and
Groningen.

Since the coordination of regional train and bus services in Groningen is under the
responsibility of different PTAs, a somewhat complicated situation arises. Two different
coordination systems exist next to each other. The coordination mechanism of the train is
closest to a theoretical net-cost contract with partnership coordination. In cooperation with
Niedersachsen (D), the provinces of Groningen and Drenthe grant a concession for the
shared regional train network. The operator itself is responsible for the tactical planning.

In order to achieve operational integration, cooperation between PTA, train, and bus operator
is essential. Therefore, the involved stakeholders must be pushed to think in multimodal
solutions. Especially in the case of Groningen, that is an issue. The division of the PTA for
train and bus, there, causes a difference in interest between them on some levels. An
organisation with one PTA having a strong development focus (often translated in a gross-
cost contract) or a multimodal concession as in Limburg is more suitable to work on
integration. Namely, one stakeholder has control over the whole PT chain, which gives more
solution space. A typical example from the case of Limburg is the use of buses to serve the
station Heerlen de Kissel, because an international extension of the railway line led to a time
shortage in the train schedule. In such an organisation, there is a clear point of contact for all
PT related issues and an incentive for one of the stakeholders to work on integration. An
additional supporting condition in a multimodal concession is a culture in which train and bus
staff meet each other, and some personnel is employable for both modalities. This may help
to experience the PT system as a whole. Another valuable lesson concerns the passenger
smart card data. Usually, all stakeholders only have overview of a part of the whole PT
system. Sharing passenger data may help operators and/or PTAs to get a better overview of
what is happening and how the current situation can be improved concerning integration.
The case studies indicate that there are two ways to ensure train-bus integration. The first
way is creating a multimodal concession. Delegating all the tactical and operational planning
tasks to one operator, with some minimum requirements, creates a financial incentive for the
operator to integrate on all levels. The operator has more solution space, which creates
opportunities for an integrated PT system. Network layout and timetable can be designed
together for train and bus, and an integrated fare system will enhance this network. For
passengers, there is a clear coherent PT identity and point of contact.

A second organisational structure that may support operational integration is a unimodal
gross-cost contract. This is the ‘Verkehrsverbund’ model. In this type of contract, it is
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primarily the function of the PTA to clearly demand how integration is to take place. The PTA
must take a role as tactical planner and design the full network, determine the fares and
tickets, and provide information to passengers. This type of contract is not fully encountered
in the case studies but seems to be promising. Instead of the operator in a multimodal
concession, the PTA now has the incentive to control the whole system. Most benefits in a
multimodal concession can also be obtained in this configuration. However, it requires a
totally different and sometimes discussed position of the PTA.

Both structures, however, will not necessarily lead to a better-integrated system. A lot of
other factors play a role in that. Amongst others, unsuitable geographical structures,
passenger flows to one major city, and overcrowded trains can inhibit network integration.
Differences in vision on marketing can obstruct information integration. Integrated fares can
be introduced when business cases are not influenced negatively, also a feeder network is
introduced, and there is not too much uncertainty about the end of the concession. Generally
speaking, the (financial) interests of PTA(s) and operator(s) must be aligned with each other
as much as possible. That will lead to the best results on integration. The in-between
situation, in which the operator is revenue responsible will, due to that, most often lead to a
network that is not fully tuned between modes. Also, within a company, the division of a bus
and train department can be strong.

6. Conclusions

A PT concession is the right to operate PT in a demarcated area and is usually obtained by
an operator after winning a procurement procedure. Often, different concessions for separate
modalities exist next to each other in the same district, but also an integrated or multimodal
concession is possible. In a multimodal concession, both train and bus (and possibly other
modalities) are tendered once. In theory, multimodal concessions would lead to better
(operational) integration, because competition between train and bus operators has
disappeared and internal coordination can be used. For passengers, an integrated PT
system would mean a good aligned (feeder) network of train and bus, resulting in improved
connections at pulse stations and lower TTs. Besides that, information would be tuned to
each other, fares and tickets would be fully integrated, and vehicle management would be
organised thoroughly. In that line of reasoning, it is assumed that operators benefit from a
multimodal concession by having opportunities to operate more efficiently. PTAs would
benefit from the incentives for the operator in the contract to perform well, which simplifies
the coordination task.

The multi-modal concession can provide advantages. For travellers, they can simplify the
delivery of shorter travel times, integrated network design, information, ticketing and fares. In
addition, one operator can control the overall travel chain. And the operator can cross-
subsidies bus and train, allowing for more optimised combinations of the two. There
weaknesses as well, with potentially more transfers, dependency on the demand and supply
context and investment risks.

Multi-modal concessions provide ease of implementation of pulsed schedules and feeder
networks. This gives reduction in travel time and the potential to raise efficiencies by lowering
overall costs and reducing ineffective competition between bus and train with uni-modal
concessions. Key threats are the current organizational structures not allowing for multi-
modal concessions, with different governmental layers responsible for different modes or
concession periods not in sync. It also might be the case that infrastructural changes are
needed, that hamper swift and simple implementation.
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