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Abstract

Continued urbanisation, and the resultant increase in urban trips, presents one of the greatest
challenges to the environmental, economic and social sustainability of society. Given that the modal
split between transport modes has remained relatively unaltered in recent decades, this suggests
that the levels of private car usage will lead to even greater levels of congestion and air pollution in
urban areas. Therefore, a modal shift from private to public transport needs to be effected with
urgency. However, whilst in theory this could be achieved with relative ease, numerous societal,
political and economic barriers have thus far prevented such a shift from occurring. These have been
analysed in detail, using a holistic approach which simultaneously considers all stakeholder needs.
Recognising that traveller opinions and requirements are fundamental in effecting modal shift
measures, the effects of public transport quality attributes on encouraging modal shift are discussed,
accompanied by an updated version of the UK Department for Transport’s hierarchy of public
transport needs. This investigation then proceeds to analyse the effectiveness of methods to control
urban car usage, before discussing solutions to address the barriers to a notable, successful modal
shift, including guidance on how to design modal shift programmes. This paper provides useful and
insightful guidance for all those involved in attempting to evoke sustainable mobility through a
modal shift to public transport systems.




1. Introduction

The transport sector accounts for approximately 27% of the energy consumption and CO, emissions
produced globally, and approximately one third in the European Union (OECD, 2010; IEA & UIC,
2013; IPCC, 2014). Of this, urban transport is responsible for 25-40% depending on geographical
location, a figure that is expected to become even greater as levels of urbanisation and motorisation
increase (OECD, 2010; EC, 2011). It is expected that by 2025 the global urban population will
increase by 40% to 4.5 billion, resulting in a 50% increase in urban trips, with respect to 2005 (UN,
2007; UN, 2008). Transport is a major source of urban air and noise pollution, and is often a major
constraint on the quality of urban life (EAC, 2010; Banister and Thurstain-Goodwin, 2011; UN,
2013a). These negative externalities are worsened by congestion, which increases travel times and
has a detrimental economic effect (EC, 2011). If the modal split between transport modes is left
unaddressed, such problems will be further exacerbated, necessitating a substantial step-change in
how urban transport is managed. While curbing mobility would reduce its impact, many parties are
understandably opposed to this given its strong historic link to economic growth. Transport has
significant and long-lasting economic, social and environmental impacts, and is thus an important
dimension of future sustainability (EC, 2011; Haghshenas and Vaziri, 2012).

This demonstrates the need for two areas of focus for urban areas: firstly, to develop their transport
system into a seamless, accessible, high-capacity, zero emissions model of sustainable urban
transport and secondly, to promote a modal shift from private to public transport (PT), especially
high-capacity transport modes. The benefits of modal shift are wide ranging; for example, it would
help adhere to the increasingly stringent legislation at national and international level necessitating
emissions reduction and air quality improvements (EC, 2008a; EC, 2009a; EC, 2009b; EC, 2011).
Several European countries have failed to cut excessive levels of air pollutants in urban areas, which
has already resulted in the European Commission (EC) launching legal proceedings against the
Government of the United Kingdom — one of the offending countries (EC, 2014). The increase in PT
usage over private car usage would also help facilitate societal benefits, resulting in an increase in
physical activity and a reduction in congestion levels, traffic accidents and trip times (Rissel et al.,
2012; Litman, 2013). The effects of stress brought on by congestion during commuting has been
noted to spill over into the workplace, leading to increased absenteeism, reduced job satisfaction
and decreased task motivation, effects which are exaggerated by congestion (Wener and Evans,
2011).

Therefore, this paper aims to appraise common methods to achieve these goals from a global,
system-level perspective. In order to achieve sustainable, long-term urban transport solutions, such
an approach must be used, and should consider land use, transport planning, funding mechanisms
and social, environmental and political requirements (Friman et al., 2011). However, before
discussing strategies to encourage travellers to change from private to public transport modes, it is
worthwhile to provide a brief background on the underlying reasons why specific modes of transport

are chosen, which is presented in section 2.

Figure 1 describes the subsequent route this paper will take in understanding how to better effect
notable, successful modal shift. It is generally accepted that both ‘pull’ and ‘push’ mechanisms are
required to achieve this: ‘Pull’ mechanisms involve providing an attractive, accessible, affordable PT
system that meets the needs of the travelling public, whilst ‘Push’ mechanisms aim to break private




car use habits. Both will be analysed in detail in section 3, with a particular focus on understanding
how passengers rank individual public transport qualities, to allow for a better focus of investment.
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Figure 1: Methodology used by this paper

However, encouraging private car users to use PT for a greater proportion of their journeys has
historically been difficult to achieve to any meaningful degree. This is especially the case in urban
areas, where a number of challenges stand in the way of success, in particular towards the success
of ‘push’ mechanisms. These include technological, cultural and regulatory factors,
insufficient/badly-designed programmes to effect modal shift, and the fragmented information
currently available to transport policy makers, operators and other relevant organisations (Farla et
al., 2010). As such, section 4 will describe and analyse several methods to overcome such barriers,
with reference to both case studies and studies from academic literature.

All involved stakeholders should be aware of the successes and failures experienced in attempts to
encourage modal shift, although it transpires that, thus far, many are not. Therefore, through the
identification of good practices and amalgamation of information from numerous sources discussed
throughout this paper, a series of recommendations for PT stakeholders will be developed in section
5. They will provide insightful guidance on how modal shift should best be effected, allowing
transport policies and funding mechanisms to be appropriately focussed to ensure maximum impact.

2. Modal choice

The use of private cars is an integral part of the life of many citizens, with many considering the
convenience, flexibility and personal space afforded by private cars to be of significant importance
(Vredin Johansson et al., 2006; Beirdo and Sarsfield Cabral, 2007; Graham, 2010). Therefore, in




addition to its perceived advantage as a symbol of status in society, it can often be difficult to
instigate modal shift to PT, with many people being strongly resistant to attempts to effect this
(Tertoolen et al., 1998; Thggersen, 2009). Such habits and mobility routines play an important role in
travellers’ modal choice, which is strongly influenced by their socioeconomic background, values and
perceptions about different transport modes (Lesteven, 2014; Skalska et al., 2014). Indeed, research
by Lesteven (2014) suggests that the resistance to changing from private transport modes is such
that a certain proportion of private car users continue to use their car, even when the congestion
levels are of obvious detriment to their journey.

Research published in 2011 by the DfT found that 65% of interviewees claimed they were willing to
change their behaviours to help address environmental issues, although only 42% claimed they were
willing to do this by engaging in modal shift to PT (Department for Transport (UK), 2011).
Furthermore, since the start of the recession in the UK in 2008 the negativity of these attitudes has
increased significantly, suggesting pro-environmental behaviours are often only considered when
people’s lives are economically stable. However, recent travel behaviour research suggests that the
dynamism in modal choice is higher than expected, presenting an opportunity for policy makers and
PT operators to influence mobility behaviour (Skalska et al., 2014). Therefore, developing a greater
understanding of what makes PT attractive/unattractive is an important part of improving PT quality
and producing successful policies to encourage modal shift.

Multiple modes are necessary to provide an integrated, accessible and inclusive PT system, but at
the core of this system must be a high-capacity, high efficiency mode. The two most common modes
— BRT and urban rail — are now compared.

BRTs are most popular in cities with a high urban density and low car ownership, such as Latin
American and Asian cities (Hensher and Li, 2012). They are usually more easily implemented than
urban rail systems, and are commonly the most appropriate/cost effective solution for smaller cities
(Tirachini et al., 2010). It is easier to add stations to a BRT system than it is for an urban rail system,
in terms of the lower cost and design constraints, although reducing the distance between stations
will intrinsically lower the speed of the trip, despite increasing accessibility (Hensher and Li, 2012). It
is accepted that there is a social stigma attached to the low-income status of bus patrons, which
dissuades many citizens from using it as a transport mode, although this may not be the case in
some higher quality BRT systems (UN, 2013b).

By contrast, citizens have been found to exhibit a much more favourable opinion of travel by rail.
This is exemplified in the work of Ben-Akiva and Morikawa (2002), who observed a notable
preference for travel using a metro system over bus and BRT systems. They further highlighted that
travellers reluctant to use buses may use urban rail systems, since they offer a perceived higher
quality of service. Furthermore, (Rojo et al., 2012) found that citizens are much more willing to pay a
premium for a quick and frequent rail service than for other urban transport modes, including bus
and private car travel. In a study of 811 Stockholm commuters, it was found that, with regard to
comfort issues, the bus was preferred to the car, while the train was preferred to the bus, with those
guestioned stating they enjoyed the ability to rest, work and move around (Vredin Johansson et al.,
2006). This preference for rail over buses has also been observed by Lee and Senior (2013). Such
perceived benefits of rail can have notable positive effects; Cao (2013) found that the light rail
system within the Minneapolis-St Paul ‘Twin Cities’ region had a direct impact on travel satisfaction




and satisfaction with life, in a way that bus services did not. Other benefits exhibited by urban rail
include the high quality and visibility of stations, the ability to reduce congestion levels, the lack of
local pollutants, the more efficient use of land, the high energy efficiency per passenger-kilometre,
and the lower maintenance and operation costs in comparison to similar-sized BRT systems (Cao,
2013).

To summarise, first and foremost, it is vital that efforts should be made to encourage trips in urban
areas to be made using public, rather than private transport. Where possible, high-capacity forms of
public transport should be promoted, such as BRT and urban rail systems. Therefore, the
aforementioned public preference for rail over bus should be considered when attempting to
encourage such a behavioural change.

3. Analysis of methods to effect modal shift

Measures to encourage a modal shift to PT can be broadly separated into two main categories —
‘Pull’ measures, which persuade the user to use PT, and ‘Push’ measures which dissuade the
traveller from using a private car. Section 3.1 analyses ‘Pull’ measures, focussing on the effects of
individual PT quality attributes on ridership levels, whilst section 3.2 concentrates on ‘Push’

measures.

3.1 Pull Measures

Traveller preferences for PT system qualities play an important role in the ability to attract
passengers, and hence to effect modal shift. Therefore, understanding how the quality of the urban
PT service affects ridership is vital (Tirachini et al., 2013). Numerous studies have been undertaken
globally to understand how individual characteristics affect passenger satisfaction with PT services.
However, often it is an amalgamation of characteristics which affect a citizen’s choice of transport
mode. Therefore, this section outlines the effects of individual characteristics, before assessing five
studies that have ranked PT quality characteristics. The findings from this assessment are then used
to develop a new hierarchical pyramid of PT quality requirements. While the focus of this paper is
upon a transport system with a high capacity core, it nevertheless considers various PT modes in this
section, acknowledging that a complete PT system cannot be provided by just one type of PT mode.

3.1.1 Effects of individual quality attributes for urban public transport systems

3.1.1.1 Cost

The pricing of PT, and the effect it can have on making that PT mode a viable option is a complex
subject; a balance needs to be struck between the affordability of the PT system (to ensure it
remains inclusive) and the needs of the operators to balance their budgets. This can involve
lowering, or completely removing the PT fare. Lowering the fare has been suggested as an option to
improve the perceived quality of the PT service, although Paulley et al. (2006) suggest that the
elasticity of such a measure is relatively low.

It is widely accepted that introducing fare-free PT can lead to significant increases in ridership.
However, this is not a panacea; such an undertaking leads to a significant loss in revenue, may not
encourage a significantly large amount of private car users to change PT modes and makes it difficult
to manage demand and overcrowding during peak times. Various instances of free PT have been




introduced, with some focussed upon a certain demographic (i.e. students, the elderly) and others
offering free PT usage for all. For example, De Witte et al. (2006) records how ‘almost free’ PT passes
were provided to the students of Flemish-speaking universities and colleges in Brussels, who had to
pay €10 for a €200 annual PT ticket. Almost half of the eligible students applied for a ticket, which
resulted in 26% of participants using PT for journeys previously made by foot or bike.

To encourage greater transport usage and modal shift, the local authority (LA) of the Hasselt
municipality in Belgium abolished PT fares in 1996 for all of its 68,000 residents. This resulted in a
428% increase in the usage of the bus services within the first year alone, and a 1319% increase by
2006 (EC, 2013a). The introduction of this no-fare policy was preceded by a significant improvement
in the bus services in the Hasselt municipality, although many services still suffered from capacity
problems (van Goeverden et al., 2006). This caused the PT operator increasing the invoice to the LA
by over 55%, resulting in free PT being limited to those under the age of 19 (EC, 2013a). Therefore,
although the free PT policy in Hasselt achieved its main aims of significantly increasing the PT usage
within the metropolitan area, this did not lead to long-term sustainable mobility; the scheme
necessitated an unsustainable level of PT subsidy, and encouraged journeys that were previously
made using non-motorised transport modes (i.e. walking and biking) to be made using PT.
Furthermore, given that Hasselt is a small city, extrapolating from the success it has achieved to
larger, higher-density cities could prove difficult.

Problematically, while increasing PT affordability and accessibility reduces social exclusion, it can
lead more people of a lower social class using the system, which can dissuade existing and other
potential passengers from using PT (UN, 2013b). Perone and Volinski (2003) highlight how fare-free
PT in Austin (USA) was removed at the request of existing users for this reason. The transport
administrators also failed to anticipate the level of the increase in PT usage, which caused significant
overcrowding and required an additional $1.5m to be spent on emergency frequency improvements
through the deployment of additional bus services.

Modal shift programmes that remove/heavily discount fares on a temporary basis have helped
notably increase PT ridership amongst non-occasional public transport users, although when the
ticket returns to a normal price the patronage most commonly decreases correspondingly (e.g.
Thggersen (2009); Beale and Bonsall (2007); (Fujii and Kitamura, 2003)). In the case of Thggersen
(2009), the combination of customised timetables and/or planning activities with a free PT ticket
proved more successful in encouraging modal shift, although after the free ticket expired, the PT
usage still regressed to almost the same level prior to the programme’s implementation. The design
of modal shift schemes is discussed further in section 4.5.

Therefore, this insinuates that it is possible to develop short-term changes to the modal split, but it
will be the quality of other aspects of the PT service that will convince travellers to continue to use
the system; indeed, passengers have even been noted to accept a fare increase where the quality
has visibly improved (Redman et al., 2013). Therefore, rather than reducing/removing fares,
operators are more likely to achieve greater passenger satisfaction and ridership by improving the
quality of the service to a level which meets the customers’ perceived value of the existing fare price
(Hensher et al., 2003). This backs the argument of (De Witte et al., 2006) who states that it would be
more pragmatic to invest in improving the quality of the service, rather than increasing the level of
PT subsidies. Furthermore, research has also shown that free PT tickets could, in a small amount of




cases, even be considered a bribe or a waste of resources, causing them to use PT even less (Beale
and Bonsall, 2007).

3.1.1.2 Safety and Security

Public Transport is significantly safer than travel by private car; (Litman, 2012) states that PT
passengers have one tenth of the fatality rates of car occupants. However, it is arguable as to
whether safety and security is a quality attribute of PT, since it is likely that many citizens simply
intrinsically expect their transport mode to be safe and secure, and so do not feel the need to
qguantify this requirement when they are asked about it (Vredin Johansson et al., 2006).
Nevertheless, UK-based studies suggest that 10% of the population would reconsider PT as a viable
option for travelling if their safety and security concerns were addressed (Delbosc and Currie, 2012).
To help achieve this, such solutions as CCTV, improved lighting and panic buttons could be installed
in waiting areas. However, perceptions of personal safety and safety itself are two important, but
very different, characteristics (Delbosc and Currie, 2012). It is important to ensure passengers feel
sufficiently secure to access the PT system, which may necessitate improving security at a
community level (Aditjandra, 2013).

3.1.1.3 Comfort

Comfort can relate to a variety of PT aspects, such as the ambient air temperature, the availability
and quality of seating, the cleanliness of the system, facilities in waiting areas and WiFi provision. It
is accepted that factors such as these can change travel from a derived demand into a valued
activity, making it a more enjoyable experience than travelling via private car. Such improvements
can have a significant effect on ridership; (Foote, 2004) reports that comfort, cleanliness and safety
improvements to the Chicago metro led to a 5% increase in the number of trips made over a 5-year
period (15 million additional journeys per year), after a sustained period of decline. The provision of
free high-speed WiFi on stations and greater wireless connectivity and phone signal in tunnels are
becoming common methods of improving the quality of the passenger journey, allowing passengers
to undergo enjoyable/useful activities whilst in transit, including accessing up-to-date PT information
(Gripsrud and Hjorthol, 2012). However, while such improvements are hugely beneficial and often
vital, they require significant levels of investment, which may often not be available. This is discussed
further in section 4.4.

Such improvements to the system should always be viewed from a holistic perspective; a higher
quality service will likely result in an increased patronage, and consequently a greater number of
passengers per square metre. This intrinsically decreases comfort levels, potentially leading to
increased stress levels of passengers. However, Japanese commuters consider the stress from
crowding to be mitigated by the reliability and punctuality of the service (Cox et al., 2006).
Therefore, the comfort levels of PT systems, both in terms of waiting areas and on board vehicles,
can be considered of great importance, both in terms of in-trip satisfaction, and for the image that it
projects. Furthermore, the EC-funded project AD-PERSONAM, which aimed to encourage public
transport usage in medium-sized cities, recommends that any specific schemes to encourage non-
J/occasional PT users to use PT more should be undertaken in the summer months when the weather
is likely to be better, and hence the PT journey more comfortable (AD PERSONAM, 2010). It found
that if a non-/occasional PT user experienced bad weather when using PT, they were more unlikely




to continue to try PT in the future. Guidelines regarding good practices for the design and execution
of modal shift schemes are further discussed in section 4.5.

3.1.1.4 Information

The provision of sufficient travel information is key to enabling a high ridership. This information can
consist of pre-trip travel information (in the form of trip planning) and in-trip travel information
(both in waiting areas and on-board). This in-trip information can consist of information useful for
occasional passengers (i.e. next stop, connections to other lines/transport modes) or information
regarding alternative routes on the case of delays/cancellations. Outwater et al. (2011) found that,
for non-traditional PT service attributes in Salt Lake City (USA), the highest rated attribute was high-
quality real-time service information, above on-board/station amenities and other comfort
attributes. This concurs with the findings of dell’Olio et al. (2011b), who highlight how the quality of
PT service information (e.g. times, delays, platforms) was valued as more important than the level of
services available in stations, or a reduction in the level of transfer times. However, despite the
importance of such information, it often remains unavailable; Gonzalez-Diaz and Montoro-Sanchez
(2011) state that the main customer complaints regarding bus services in Spain relate to the low-
guality waiting areas with little service information, and a lack of a frequent, predictable service.

3.1.1.5 Frequency & Reliability

Frequency and reliability are often regarded as key attributes in determining the quality of a PT
service (Redman et al., 2013); only if they are sufficient will the ridership increase during
circumstances that favour PT (i.e. high congestion levels, high fuel prices) (Loader and Stanley, 2009).
The introduction of urban rail services to connect 11 German towns previously interconnected
through a bus system saw a notable increase in ridership, which was mainly attributed to the
improvement in reliability and speed (Redman et al., 2013). Furthermore, reliability can also relate
to the ability of the passengers to rely on the stated level of service will be provided; Van Exel and
Rietveld (2009) state that PT strikes can lead to a permanent loss of ridership between 0.3-2.5%,
mainly attributable to passengers deciding that they cannot rely on PT for their mobility
requirements.

3.1.1.6 Speed/Journey time

Where a PT service is already running impeded, further increasing the speed of the journey will likely
be an economically unsustainable solution. However, where this is not the case, the journey time
could be reduced by enabling a greater flow of PT services. For example, priority can be given to PT
in specific areas to help assist with PT punctuality at the expense of car users. This may involve
developing a segregated right of way for buses/trams, or prioritising PT modes at traffic lights,
through the utilisation of such technologies as radio frequency identification (RFID) (Wen, 2008;
Koehler and Kraus Jr, 2010). BRT systems commonly enjoy a right of way within cities; a feature that
Currie and Delbosc (2011) state is vital to attracting greater ridership.

In urban rail systems, the time difference between a fast and slow service may be as small as 1-2
minutes, suggesting speed is less of an important quality characteristic. This is demonstrated by
Graham et al. (2009), who found that increasing the speed of urban rail services to slightly reduce
journey time had little/no effect on ridership. Indeed, it could be argued that, since speed of the
journey is becoming less important with the advances in technology (e.g. WiFi onboard and at




stations), urban travel can in some cases be changed from a derived demand into a valued activity by
allowing passengers to enjoy using the PT system (Banister, 2008).

3.1.1.7 Multimodality / Ease of use

To encourage a greater PT ridership by non-/occasional users, it is vital that the PT system is as easy
to use as possible — at the core of which is the provision of seamless journeys. Where a journey
requires one or more changes, they should be able to be made quickly and simply. This requires both
physical and organisational integration within PT modes (e.g. between separate metro lines),
between PT modes and between public and private transport modes. It can take the form of
integrated ticketing and timetables, and new infrastructure (e.g. higher quality interchanges with
bicycle storage, appropriate levels of parking).

The fragmented nature of PT systems within many countries, and even within cities, often leads to
different PT operators working against each other, who may also have conflicting aims to that of the
local government; illustrating the difficult nature of effecting long-term coordinated efficient PT
solutions (Reis et al., 2013). For example, a lack of integration in Istanbul has resulted in such
problems as two separate urban rail stations being built in the same location without connections,
rather than a single transfer station; problems which decrease service quality and increase the cost
of PT (Ozgiir, 2011).

Integration can also lead to cheaper fares for those using multiple transport modes within one trip;
exemplified by the city of Haifa (Israel), who introduced an integrated zonal fare system in place of
the per-boarding fare system. This resulted in an 8% increase in the number of trips being made, and
a 19% increase in the number of boardings (Sharaby and Shiftan, 2012). The increase in ridership
was attributed to both a modal shift from private car transport, and extra journeys being made.
However, Milioti and Karlaftis (2014) state that the ridership increase due to the introduction of
integrated ticketing may not always be immediate. Furthermore, the city of izmir in Turkey
(metropolitan population approximately 4 million) developed the ‘Transformation in Transportation’
project, which involved route integration of ferries, buses and urban rail services and the
introduction of an integrated ticketing system, leading to a notable increase in the number of
passengers carried by the system (Ozgiir, 2011). Integration between all stakeholders of PT systems
could also lead to a greater sharing of information, encouraging high-quality transport information,
especially real-time information, to be made available to the public.

Wener et al. (2003) reports that it is the transfers in a journey that cause the most stress,
emphasising the importance of ensuring they are as simple as possible to make. However, it has
been reported that many urban PT systems do not give sufficient consideration to transfers, despite
their importance in providing a high-quality journey (Guo and Wilson, 2011). As such, it is important
to highlight the importance of such measures to the relevant stakeholders and to hence strive to
develop integration — both physical and organisational. The benefits of integration are evidenced in
Singapore, where separate agencies and stakeholders successfully work together in a collective
manner to provide a high-quality urban rail system, which enjoys a 70% modal share of motorised
transport modes (UN, 2013b).

It is also essential that PT integration is managed appropriately, and coordinated in a professional
manner. The attempted PT reform in Santiago (Chile) aimed to integrate the PT system, reducing the




number of individual bus routes and changes needed to be made in the average journey, with the
aim of lowering car usage. However, the policy makers employed were found to be insufficiently
educated in how to design such a scheme, which ultimately led to increased journey times, PT costs
and increased private car usage (Gallego et al., 2013)

Interoperability between public and private transport modes is also highly important in attempts to
attract non-/occasional PT users. This can be achieved by developing a single method of payment
that can be used for multiple purposes, such as the ‘Mobility Mixx’ card in the Netherlands. This
allows citizens to use one card to pay for numerous items, such as PT, taxis, bicycle rental, petrol and
park & ride tickets, thus improving ease of use of the PT system (Mobility Mixx, 2013). However,
such schemes require high levels of commitment and coordination between all stakeholders,
together with sufficient investment, which is discussed further in section 4.

3.1.2 PT Quality Rankings

3.1.2.1 Comparison of different studies

As has been discussed thus far, there are a plethora of studies that assess the importance travellers
place on specific PT characteristics, although very few consider numerous characteristics together.
After a thorough literature review, five studies were found that consider all or most of the attributes
discussed in section 3.1.1, which are analysed herein. All have been undertaken in Europe: a 2008
DfT Opinion Poll (from UK), and four studies from academic literature, Paulley et al. (2006) (from
UK), De Witte et al. (2006) (from Belgium), Stradling et al. (2007) (from UK), and Tyrinopoulos and
Antoniou (2008) (from Greece). These studies have been designed in a way which provides a ranking
of PT requirements by traveller preference (it should be noted that De Witte et al. (2006) only
considers students). For the purposes of this investigation, these requirements were grouped into
seven categories: affordability, accessibility/ease of use, comfort, environmental friendliness,
frequency & reliability, safety & security and speed/seamlessness of journey — the traveller
requirements considered by the DfT in their hierarchy of transport needs.

This investigation then developed a standardised ranking for each of the five studies considered, so
that each study had their PT quality attributes rated from 1-7, where 1 was the most important
attribute and 7 was the least. For example, the DfT study found that the most important PT quality
attribute was ‘Frequency and Reliability’, whilst the least important attribute was ‘Environmental
friendliness’. As such, these were given the rankings of 1 and 7 respectively, which can be seen along
with the rest of the results in a visual comparison of the five rankings, shown in Figure 2. Where
studies are missing one or two attributes, the ranking is made from 1-6 or 1-5 instead.

Despite the limited number of studies available for analysis, important tendencies can nevertheless
be found. For example, this comparison suggests that the most important PT qualities are
accessibility/ease of use and frequency/reliability, followed by the comfort/cleanliness levels of
rolling stock and waiting areas. The requirement for a safe and secure PT system was not ranked as
highly, concurring with the theory postulated previously that citizens intrinsically expect a high level
of safety and security in general, and so do not feel the same need to stipulate this when discussing
transport preferences. The importance of the comfort of PT services appeared to be higher than is
often considered, with three studies rating it either second or third. Indeed, one of the two that
states otherwise is the study of students, whose requirements differ from the average citizen; often
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placing affordability of transport modes as the quality they value highest. This concurs with the
findings of a Transport for London (TfL) study of 16-24 year olds, which found that 57% of those
surveyed identified cost as a barrier to increased mobility (Transport for London, 2011b).

Whilst the affordability of the PT service has been previously highlighted as having a notable effect
on modal choice, and hence ridership, it is clear from these studies that individuals appear not to
consider the cost of a journey important when evaluating its quality, which concurs with the findings
of Rojo et al. (2012). This analysis has also highlighted that the public either consider the
environmental friendliness of PT as an after-thought or label it as a low priority, with some studies
even failing to include it in their questions regarding passenger requirements. For instance, the 2008
DfT study found that few participants considered ‘environmental friendliness’ or ‘sustainability’
important aspects of their PT system. A consistent opinion throughout the study was that
passengers would only start to consider the environmental friendliness of their transport choice
once their requirements such as comfort, accessibility, speed, seamlessness of journey, safety,
security, affordability and reliability have all been satisfied (Department for Transport (UK), 2008).
Comfort/Cleanliness
1
|
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e=g== De Witte (2006) (Students)

Figure 2: A comparison of the results of the most desired attributes of a public transport system from five different
pieces of public opinion research

However, it should be indicated that these findings are very much indicative; the combination of
instrumental, situational and psychological factors mean that behaviours and attitudes can vary
between different groups of people (Anable and Gatersleben, 2005). Thus, to demonstrate the
viability of the results, a model will be required, which is out of the scope of this project. The quality
requirements of citizens regarding their transport mode have also been recorded to differ
depending on trip type (Anable and Gatersleben, 2005; Passenger Focus, 2012), citizen gender
(dell’Olio et al., 2011b; Rojo et al., 2012), citizen income level (dell’Olio et al., 2011b) and citizen age
(De Witte et al., 2006). This highlights the problematic nature of focussing upon a specific
demographic, demonstrating the need to apply a holistic approach when attempting to effect modal
shift. Furthermore, while a set of quality attributes may persuade citizens to use PT in the short
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term, they may be very different to those factors which will persuade them to do it in the long term,
although Poudenx (2008) states that no specific attribute will make citizens change, rather a
combination of factors.

3.1.2.2 Revised hierarchy

The analysis of the PT quality attributes undertaken as part of this investigation have led to the
development of a proposed revised version of the DfT’s Hierarchy of Transport Needs (Figure 3),
based on Maslow’s Hierarchy of Needs (Maslow, 1943; Department for Transport (UK), 2008). As
with all hierarchical models, the most basic need is shown at the bottom, after which come the more
advanced needs, in order of importance, which are only considered once the primary needs have
been satisfied. Therefore, it can be inferred that an accessible, easy to use PT system with a frequent
and reliable service, followed by comfortable and clean vehicles and waiting areas are the most
important quality requirements of a PT system, and as such should be focussed on when attempting
to effect modal shift. Subsequently, efforts should logically be focussed on improving the safety and
security of the system, before addressing the less important needs above.

Low environmental impact

Safe + secure (waiting areas
and on-board)
Frequent + reliable service with sufficient
trip and in-trip information

Figure 3: The hierarchical pyramid of public transport passenger requirements

3.2 Push Measures

Where ‘Pull’ measures are insufficient on their own, habit and attitude research suggests that ‘Push’
measures can be implemented to create conditions that make car usage either unattractive, difficult
or impossible to undertake, thus forcing citizens to change their travel behaviours (e.g. Ronis et al.
(1989)). They can include methods to reduce car usage (e.g. congestion charging and variable road
taxes) and methods to prevent car use (e.g. low emissions zones -restricting access to zero-/low-
emissions vehicles).
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3.2.1 Congestion Charging

City-wide congestion charging schemes have been implemented in three large cities in Europe —
London, Stockholm and Milan — and have achieved varying degrees of success; documented in Table
1. In each instance, traffic levels can be seen to decrease, although there is little change in the modal
split between public and private transport modes. Indeed, the reduction in Milan has been almost
fully attributed to drivers using an alternative route to travel across the city. Nykvist and Whitmarsh
(2008) state that such schemes will have little long-term effect relative to the underlying growth in
demand. In particular, Stockholm’s success can be drawn from a number of factors: firstly,
Stockholm has a low car dependence (the ratio of public to private transport usage during peak time
was 70:30 prior to the introduction of the charge); secondly, the scheme coincided with the
expansion of (and increase in number of services on) the PT network and thirdly, the congestion
charges were marketed as “environmental charges”, with an emphasis on the positive effects of air
quality (Eliasson and Jonsson, 2011). However, such ‘push’ measures as congestion charging can
prove highly unpopular with citizens. One solution has been to highlight that all revenue would be
reinvested in PT services, helping to secure public acceptance of the scheme (Borjesson et al., 2012;
EC, 2013b). It is also essential that transport professionals and decision-makers better understand,
and engage directly with, the media in such situations, so as to lessen the chances of significant
resistance from the public (Vigar et al., 2011).

Table 1: Summary of congestion charging effectiveness

2006 (trial scheme)

Year introduced 2003 2012 2007 (permanent)

Initial reduction

. . 18% >30% 21%
in traffic levels
tai
Sustained 10.2% between 2003-2013 - 21%
reduction
Effects on modal No significant changes to urban No observable PT share increased by
split rail %; bus % increased slightly. effects 3-6%

‘Modest impact’ on
concentrations of air pollution
and life expectancy

33% reduction in 14% reduction in CO,
PM emissions emissions

Environmental
effects

1 - (Transport for London, 2004); 2 - (Transport for London, 2006); 3 - (Tonne et al., 2008); 4 -
(Transport for London, 2011a); 5 - (EC, 2013b); 6 - (IBM, 2009); 7 - (Borjesson et al., 2012); 8 -
(Kottenhoff and Brundell Freij, 2009)

The most important aspect of the London Congestion Charge was its ability to implement a highly
controversial urban mobility scheme in spite of significant political and societal resistance. There
were two crucial reasons behind the success. Firstly, a greater level of autonomy was granted to new
municipal governments, allowing a Mayor of London to be appointed and the process of introducing
a congestion charge to be greatly simplified. Secondly a publicity campaign cost approximately £20
million was launched prior to the introduction of the scheme, to ensure the understanding and
compliance of the public (Ogilvie et al., 2004). However, an important extension to the scheme in
2006 was removed two years later when a new mayor was voted in on this premise; demonstrating

13



the problems of effecting a sustainable transport system under the influence of the electoral cycle as
it leads to an intrinsic need for those in office to please the electorate to aid their re-election
(Chronopoulos, 2012). The challenges in developing greater political strength to circumvent such
issues are discussed further in section 4.3.

3.2.2 Parking regulations

Effective management of parking provision can help to encourage modal shift to PT in three ways:
firstly, by removing a certain amount of car parking spaces in city centres; secondly, by increasing
parking charges within city centres and lastly, by providing higher levels of parking spaces at PT
interchanges to encourage travellers to use PT for the final section of their trip.

Removing a certain level of parking spaces within city centres (hence reducing supply) can be an
effective tool, and can even be replaced with several bicycle parking spaces (Rajan, 2006; Greater
London Authority, 2009). (Beirdo and Sarsfield Cabral, 2007) state that tightening parking controls
throughout the city, focussing especially on the clamping down of illegal parking (which may
increase as a result of reduced parking availability), could lead to a greater usage of PT systems, in
cities where it the service is of a sufficient quality.

The cost of parking is regarded as one of the most important individual factors in preventing car
usage (Higgins, 1992). Given that commuter trips normally require eight or more hours of parking, it
is this traveller demographic that would be most likely to change transport modes on account of
parking related factors (Litman, 2013). For example, in New York City (USA), many rail commuters
chose rail, despite owning a car, simply because parking was prohibitively expensive (Wener and
Evans, 2011). Additionally, Kelly and Clinch (2006) found a 50% increase in the cost of on-street
parking in central Dublin reduced demand and duration of stay by 15% and 16.5% respectively.
However, the effects of parking regulations need to be carefully considered to avoid adverse
congestion-related effects due to a lack of supply (lbeas et al., 2011). Furthermore, increasing
parking charges to encourage modal shift would likely be unpopular; in a 2011 study by the DfT (UK)
only 20% of respondents considered increasing parking charges as an acceptable way for the
government to encourage greater PT usage. By contrast, 62% stated that funding PT quality
improvements would be much more acceptable (Department for Transport (UK), 2011).

Problematically, the effects of parking restrictions alone are difficult to isolate, since they are often
implemented as part of a package of mobility management measures. For example, parking
restrictions, improved PT services and walking/cycling infrastructure and information campaigns
were introduced in the area surrounding a business park providing 21,000 jobs. As a result, the
modal split of private car usage was reduced from 60% to 42%, with PT usage increasing from 21% to
38% over the ten year period after the changes were implemented (EC, 2009c).

Park and ride schemes have enjoyed mixed success in effecting a modal shift to PT in urban areas. If
planned correctly with sufficient, safe and well-lit parking, they can reduce congestion levels whilst
also allowing non-/occasional PT users to become more familiar with using PT (Blainey et al., 2012).
However, the success of such initiatives will depend on their effective coordination and integration
with other urban policies, and by providing a high-quality PT alternative. As has been highlighted in
section 2, the public prefer rail over bus; perceiving it as a higher quality service, suggesting that the
parking availability at urban rail stations could be crucial in helping to encourage greater PT usage.
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Such stations could provide electric vehicle charging points, which could be powered by regenerative
braking energy from the urban rail rolling stock (Falvo et al., 2011; Gonzélez-Gil et al., 2014). Santos
et al. (2010b) report how a greater provision of car parking facilities at urban rail stations on the
periphery of American cities moved private car users to urban rail. Several bus-based park and ride
schemes have been found to be ineffective; either by resulting in no change to the modal split
between transport modes, or in some reported cases actually leading to increased car usage
(Mingardo, 2013). Furthermore, while reducing congestion in the city centre, park and ride still
encourages a significant portion of the journey to be made using a private car, contrary to the aims
of sustainable mobility.

3.2.3 Urban Planning/ Form

Pedestrianisation of streets can also be an effective tool to control car usage, but also to increase PT
service punctuality and improve pedestrian quality of life. This can lead to environmental benefits
(reduced noise and air pollution), increased safety, social and cultural benefits, tourism benefits (due
to improved aesthetics) and economic benefits (through increased commercial activity) (Sastre et al.,
2013). There are several manners in which this may be effected. Firstly, it can involve lowering the
speed limit and removing street furniture/common traffic regulation furnishings, thusly increasing
the aesthetic appeal of the street and making car users pay more attention to their surroundings
(Gatersleben et al., 2013). Secondly, it may also further involve cars being banned from the street,
helping to avoid PT modes being stuck in traffic jams consisting of private cars. Finally, streets can be
fully pedestrianised, fully opening up the street to the public, helping to develop relaxed public
spaces that can be used for multiple activities (Karrholm et al., 2014). However, the successful
implementation of such measures requires sufficient capacity on alternative routes/modes of
transport, and strong political commitment to implement such schemes in the face of adversity from
private car users.

4. Overcoming the barriers to modal shift

Section 3 has highlighted that a number of challenges exist to successfully effecting any notable level
of modal shift from private to public transport. It has been observed that societal and political issues
lie at the heart of many of these problems, and as such, five areas to aid the circumvention of these
challenges are discussed in this section.

4.1 Internalising externalities

The European Commission’s Transport White Paper states that one of the main challenges towards
achieving sustainable mobility is internalising the externalities associated with private car usage in
urban areas (EC, 2011). A strategy by which this could be achieved was outlined in 2008 by the
European Commission in their communication “Strategy for the internalisation of external costs”
(EC, 2008b). These externalities are the differences between the private costs borne by the user
themselves using the transport mode, and the actual real-life social costs, and can consist of such
aspects as accident levels, congestion levels (and the associated noise/pollutant emissions), oil
dependence and other social costs (Maibach et al., 2007; Santos et al., 2010a). Congestion is the
externality which has currently attracted the largest share of attention from transport professionals
(Basso and Jara-Diaz, 2012), given its demonstrable negative economic effects. The role of transport
policy is not to eradicate the car, but rather to establish high-quality alternatives to the car to
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eliminate the need for one (Van Exel and Rietveld, 2009). To do this, the cost to the user of
undertaking their trip using a specific transport mode has to accurately reflect the externalities that
this trip produces, with private car usage leading to the greatest level of externalities (Maibach et al.,
2007). However, methods to achieve this with regard to road transport (e.g. variable road user
charging and congestion charging) are usually met with significant public resistance and as such will
require a greater combination of political will and societal acceptance (e.g. Vigar et al. (2011)).

4.2 Societal backing and cooperation

Societal issues have an important role to play in the design of transport policy, and hence the
success of attempts to instigate modal shift, although such issues are often less well
researched/addressed than the associated economic or environmental considerations (Lucas and
Jones, 2012). To achieve the societal backing and cooperation necessary, a high quality, efficient and
attractive system needs to be provided that considers the needs of the public, whilst addressing the
incorrect, negative perceptions citizens often have towards public transport and promoting pro-
environmental behaviours. These factors are discussed in turn.

4.2.1 Provision of an attractive, easy to use system

The PT system itself needs to be attractive to citizens, and easy to use. This paper has illustrated the
effects of improving PT service quality attributes, and the relative importance of each (e.g. Figures 2
and 3). Innovative technologies can also help to heighten the appeal of PT; for example, the rapid
rise in smartphone users can allow for bespoke applications to be developed, which can include live
travel information/travel planning capabilities. Indeed, a survey of passengers aged 15-29 found
60.9% considered such tools either ‘essential’ or ‘very useful’, with a further 33.8% stating it would
be ‘rather useful’ (Bak et al., 2014). Nevertheless, the elderly often do not have access to such
enabling technologies, which must be considered to avoid their exclusion. The use of contactless
payments, either by wireless internet or Near Field Communication (NFC) would also help the PT
system become easier and more attractive to use. Additionally, trams with an onboard energy
storage device can store and use energy from the catenary and regenerative braking to travel
through aesthetically pleasing/historic parts of cities without the need for a catenary, hence
minimising social intrusion and improving the image of PT (Gonzalez-Gil et al., 2013). However, it is
important that improvements to the system leave the public unaffected; Friman (2004) describes
how passenger opinions of the PT system quality declined in the face of improvements to the
reliability and frequency of the service due to the level of disruption caused during the
implementation of the improvements

Additionally, societal involvement in PT decision-making is vital to develop a greater understanding
of the needs of all stakeholders. For example, in Barcelona, several newspapers publish daily
columns on mobility-related issues, with a specific section dedicated to readers writing in with
gueries or comments about the PT system (UN, 2013b). Furthermore, this is also a platform for the
responsible organisation(s) to respond to the writers, helping to allow the users to feel included and
understood, which has been noted to help develop a higher level of public acceptance of their PT
system (UN, 2013b).
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4.2.2 Addressing perceptions

The public’s perception of PT can be considered as important as the actual service quality itself; it is
the perception of PT service quality attributes that govern whether people consider PT as a viable
alternative to the private car, and hence whether modal shift can be effected to any meaningful
level. PT is frequently portrayed as the mode of transport for those who cannot afford a private car,
and it is vital that this perception is addressed. Furthermore, there exist many cases where there is a
significant disparity between the actual service quality levels of PT and the perceived quality levels
by non-/occasional users, who often consider it unclean, unreliable, unsafe and uncomfortable —
commonly to a degree that cannot be justified (Fujii and Kitamura, 2003; Beale and Bonsall, 2007,
Beirdo and Sarsfield Cabral, 2007; Stradling et al., 2007; dell’Olio et al., 2011a). These include
overestimations of journey time, average wait time and fare level, whilst crucially underestimating
both the journey time taken when travelling by car (citizens rarely take into account time costs such
as refilling the petrol tank and finding parking spaces) and the actual operating costs of their own
cars. Furthermore, in a survey of over 27,000 bus and train commuters in the Netherlands, Van Exel
and Rietveld (2009) found that people think they spend much longer on PT than they actually do,
going on to suggest that if non-/occasional PT users were informed of how long PT journeys actually
took, two thirds would consider PT as a viable option. This demonstrates the importance for Local
Authorities and Operators to engage in high-visibility, widespread marketing to help remove such
incorrect perceptions, which Outwater et al. (2011) state could have a significant positive effect on
ridership levels.

Nevertheless, such opinions vary; in a residential area of Stockholm (Sweden) 90-95% of residents
were knowledgeable about the bus provision in their area, including its number and operational
times (Kottenhoff and Brundell Freij, 2009). However, it is not simply about the perceptions of the
public; Redman et al. (2013) state that PT operators have a different perception of the quality levels
of their own services in comparison to quality assessments by passengers, which can affect their
opinions on whether it needs to be improved.

4.2.3 Promoting pro-environmental behaviour

However, the benefits to society (e.g. improved health, reduced stress, greater productivity etc)
from a modal shift are not necessarily acknowledged or appreciated by the majority of the travelling
public, especially non-/occasional PT users (e.g. Beale and Bonsall (2007); Department for Transport
(UK) (2008)).

This paper has highlighted that, without the motivation, the public are not likely to engage in any
notable level of modal shift, and it has been postulated that it would be easier to persuade citizens
to move from private to public transport if they were more interested in pro-environmental issues.
However, generating pro-environmental behaviours amongst regular citizens is often a difficult and
slow process, especially since the complexity of societal behaviours can vary greatly between
different countries and even within cities (Freestone and McGoldrick, 2008; Nykvist and Whitmarsh,
2008; Collier et al., 2010).

Figure 3 has illustrated how most citizens will only consider the environmental credentials of their
transport mode once their many other, more important, needs have been met. In the UK, three
main methods have been employed to encourage pro-environmental behaviour amongst citizens:
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the provision of environmental information; the incremental introduction of environmental
regulations and the use of environmental taxes and charges (Lucas et al., 2008). However, it is
evidenced that only those methods which make environmental behaviour economically superior to
its alternatives will succeed in developing any noticeable level of behavioural change; one of the
main reasons why the inclusion of a transport mode’s externalities should be included in the cost of
the journey is of vital importance (Lorenzoni et al., 2007; Marsden and King, 2009; Van Exel and
Rietveld, 2009; Department for Transport (UK), 2011). However, research suggests that a certain
level of pro-environmental behaviour could be effected by highlighting self-transcendent reasons,
rather than self-enhancing reasons. For example, this could involve highlighting that a preserving a
forest for its natural beauty, rather than for its economic worth (Crompton, 2010). Therefore, the
inclusion of such justifications, in addition to the benefits and necessity of modal shift, in an

information-based campaign aimed at removing false perceptions of PT could prove beneficial.

4.3 Political Commitment

At present, policies/legislation to encourage such a modal shift are currently lacking. This is a
challenging area; since politicians have to take into account societal opinions/requirements (where
the motoring sector is highly vocal), issues arise when trying to implement such policies/legislation
(John and Cole, 1999; Banister, 2008). However, often the perceptions of policy makers on public
opinion are more negative than can be actually justified (Banister, 2008; Cohen, 2012),
demonstrating the need to better understand the requirements of the travelling public, to allow new
urban mobility policies to succeed. This is especially problematic, as changes greater than ever need
to be effected, the success of which relies upon committed, educated legislators fostering long-term,
inclusive policies considering mobility, land use and the economy together. However, the ability to
implement such necessary, but often controversial, policies and schemes to encourage modal shift is
hampered by a lack of political strength, often through disagreements between politicians and
councillors, which can even lead to a complete stagnation in progress (Stern, 2012). It is also
necessary that political leadership is transparent and accountable, enhancing citizens’ trust in the
organisation and ensuring flagship policies of an individual/party do not collapse when their term in
office ends.

It must be impressed upon politicians that these challenges are political challenges, requiring
appropriate political consultation, decisions and implementation, rather than simply a technological
challenge requiring a simple solution. Nevertheless, calling for greater political will is insufficient; the
problem is most commonly caused by pre-existing factors that need to be addressed, such as the
current legislative process (Spence et al., 2010). Methods to encourage a modal shift from private to
public transport will also be difficult to implement given the resistance by the vested interests of
powerful societal actors, such as car and petrol manufacturers, further necessitating strong,
independently-minded politicians who can address this (Vergragt and Brown, 2007).

There is evidence to suggest that some politicians/councillors lack an understanding of mobility and
environmental issues and the capabilities of the technologies with which to address them (Cohen,
2012). Therefore, providing decision-makers with guidance on such issues may help to ensure they
make their decisions with sufficient knowledge. However, this is not limited to the aforementioned
parties; it is also necessary to ensure civil servants/administrative staff are fully educated and
committed — even if there is political agreement on a controversial topic, if the administrative staff
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do not believe it can, will or should happen, then the likelihood of implementation is low (Hrelja et
al., 2013).

The developing of panels of independent experts who would provide comprehensive, accurate
impartial and transparent advice to decision-makers, reflecting the requirements of all relevant
stakeholders (e.g. the UK Committee for Climate Change) could prove useful in ensuring decision
makers take sufficiently educated decisions. Where political strength is still insufficient, a solution
may be to legislate that such recommendations are mandatory; although developing truly
independent committees will itself prove challenging to develop.

It has also been highlighted that operators/policy makers often fail to accurately predict public
opinion, often underestimating the public’s acceptance of certain policies leading to a hesitation in
implementing them. It is necessary to address this minimal involvement of citizens and community
interests in the planning, design and operation of urban transport. Potential solutions include the
use of passenger advisory boards to advise operators/policy makers on the acceptance of
legislation/schemes to be implemented, to provide conviction, and the social participation discussed
in the aforementioned case study of Barcelona.

4.4 Investment

Three criteria need to be met before PT is a viable alternative to private motoring, and any notable
level of modal shift can occur: Firstly, it will be necessary to improve PT of an inferior quality to an
appropriate level; secondly, capacity improvements should be developed (where necessary) to
accommodate an increase in ridership and lastly, sufficient ‘push’ mechanisms should be introduced
to facilitate in attitudinal change which will aid a reduction in car use (e.g. low emissions zones,
congestion charging, carbon taxes/variable road taxes). To achieve these targets, significant levels of
investment are required; indeed, the European Economic and Social Committee estimate that over
€3 trillion will be necessary to develop a high-quality European transport system (EC, 2012). For
example, Loader and Stanley (2009) report how the city of Melbourne spent $1.4 billion over a ten-
year period improving bus service frequency and quality within the city. This yielded a Cost-Benefit
Ratio of 3.0, despite most extra journeys being undertaken for social interactions.

Given the current levels of austerity and the costs and risks to the public sector inherent in
construction and maintenance, alternative sources to public funding will be required. Private-sector
investment is a promising area that could be explored further, since private investors hold PT in high
regard, due to its demonstrable strengths (e.g. stable revenue and cash flow, clear potential for
growth, status as a provider of essential services). Hence, they are often willing to invest in the
necessary infrastructure, where there is sufficient impetus to do so (i.e. long-term concessions) (Di
Pietrantonio and Pelkmans, 2004). However, it is important to clearly define all contractual
agreements and to thoroughly examine the risks associated with the partnership to reduce the
likelihood of the partnership breaking down; an overemphasis on contractual concerns rather than
providing a quality service can hinder the success of the partnership, taking the focus away from
more important issues (Macario and Jara-Diaz, 2008).

Maximising the exploitation of PT assets through the coordination of transport developments with
private land developments is a useful strategy; accessibility benefits usually translate into increased
land prices and higher density concentrations of commercial activities along the route served by the
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transport mode. This is mainly the case for urban rail systems, on account of its permanent nature
and more efficient use of land although some BRT systems also lead to such benefits (Rodriguez and
Targa, 2004; Calthorpe, 2011). For example, in 2012, the Hong Kong metro system recouped 149% of
its operating costs from revenue generated by the system, which is attributed to its efficient
integration of urban land use planning and transport planning (UN, 2013b). Additionally, Portland
(USA) achieved notable success in this area, with every dollar of public investment in PT leading to
$31 of private investment. Furthermore, the 1999 redevelopment of the KéIn Deutz/Messe railway
station and the surrounding area included in its design a 75,000m?* hotel, a retail centre, an
entertainment complex and over 100,000m’ of office space, leading to the potential for much
shorter and hence sustainable trips to be made (Fentress Bradburn, 2001; Calthorpe, 2011).

Furthermore, SEPTA of Philadelphia sold 250,000 three-day passes to the international deal website
Groupon for $1.8 million, with the aim of encouraging more people to try its PT services and become
more open to engaging in future modal shift (Schlosser, 2013).

4.5 Modal Shift Research & Programmes

Specific modal shift programmes and behavioural studies targeting a specific demographic or PT
attribute have been undertaken for many decades, the findings from a number of which have
already been discussed in this paper. Such studies and programmes have developed a series of
individual recommendations on how to best effect modal shift, necessitating a holistic approach
which amalgamates the findings of such studies into one series of recommendations.

It can be argued that there is a case for more focussed programmes aiming to instigate modal shift
among non-/occasional users of PT. For example, Lee and Senior (2013) found multiple car
ownership increased by a greater proportion in UK cities where a light rail system had been installed,
in comparison to similar-sized cities, suggesting a high quality PT system may (on its own) be
insufficient to facilitate modal shift. Furthermore, the modal split between transport modes has
remained relatively constant in recent years, and attempts to facilitate modal shift towards PT have
failed to reach their full potential, whilst badly-designed modal shift programmes can even result in
the reinforcing of negative, pro-car behaviours (Beale and Bonsall, 2007). This can be partially
attributed to poor dissemination of the findings of such programmes (Davison and Knowles, 2006;
Redman et al., 2013).

Several modal shift programmes have already been discussed, such as those in Hasselt and Austin,
where fare-free PT was introduced to encourage greater ridership, especially modal shift from
private transport. Additionally, (Gould and Zhou, 2010) document how, in 2008, the University of
California, Los Angeles provided a free 12-week PT pass for all employees who handed in their
parking pass for that period. After this trail period, the 381 participating employees were offered
their parking passes back, or the opportunity to purchase PT passes (subsidised to half-price). Of the
381 employees, 70% continued to use PT after the trial had ended. They were recorded to have
familiarised themselves with PT routes and schedules and found travelling by bus less stressful than
driving (Gould and Zhou, 2010). The length of the scheme is also critical to success, with one day
(Beale and Bonsall, 2007), one week (AD PERSONAM, 2010), and even one month (Fujii and
Kitamura, 2003; Thggersen, 2009) being suggested as insufficiently long to break habits.
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The use of Corporate Mobility Management (CMM) as a tool to effect modal shift has been
posturised. This involves workplaces, typically the main employers, such as LAs, promoting/requiring
sustainable commuter, business and customer travel. However, in practice CMM is difficult to effect;
when plans were developed to force the Local Authority of Orebro (Sweden) to implement CMM,
disagreements between politicians and transport administrators led to the radical nature of the
proposals being significantly watered down, becoming ‘guidelines’ rather than ‘rules’ (Hrelja et al.,
2013).

However, all potential outcomes of such schemes (for participants and non-participants) must be
considered prior to its implementation. For example, the TravelSmart scheme in Adelaide (Australia)
achieved a reduction of the car usage of the 10,000 households participating in the scheme by 14%
(229,850 vehicle-km/day) over the 18-month trial period. However, the non-participants (whose
travel behaviour was also monitored) increased their vehicle-km travelled by 37% (605,030 vehicle-
km/day. Since this increase in the non-participants group is highly unlikely to be unrelated to the
positive effects of the scheme, this suggests the scheme had a detrimental effect on the
environment (Government of South Australia, 2009). Furthermore, the City of Mexico government
introduced a ban on vehicle usage within the Mexico City Metropolitan Area, whereby vehicles were
prevented from entering the city on one day each week depending on the number plate of their car.
The main aims of this scheme were to encourage PT usage and mitigate against the environmental
and economic burden brought about by the congestion from the increase in private car usage within
the city. However, this plan backfired; resulting in 38% of households in the affected area purchasing
an additional (often a cheaper, more polluting) car in a bid to circumvent the ban, rather than use
the low-quality PT system (Crotte et al., 2011).

This investigation has already discussed a number of good and bad practices regarding the design
and execution of modal shift schemes, derived from a number of case studies. However, many more
examples exist. Given the importance and benefits of such schemes in encouraging modal shift, an
extensive literature review of recommendations on the design of modal shift schemes was
additionally undertaken. This covered industry reports on modal shift schemes, findings from
behavioural studies and relevant academic literature. To the knowledge of the authors, an
amalgamation of all such findings has not previously been undertaken in academic literature. As a
result of this, a brief summary of good practices for the design of modal shift schemes has been
complied, and is displayed in Table 2, which are relevant for all sizes of urban areas. Consideration of
these recommendations will help to maximise the effectiveness of future modal shift schemes.
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Table 2: A summary of good practices from literature to follow during the design and execution of future modal shift

schemes

Guidelines

Should focus on homogenous groups (i.e.
workplaces and clubs)

Reason

Encourages people to be open to accepting new
information, due to a higher level of mutual trust.
Focussing on workplaces would also allow for
employer backing (i.e. CMM) ">+

Should emphasise tackling the issue as a group

Allows individuals to support/encourage each other
(e.g. TravelSmart’s focus on families)

Should include representation by those the
public admire (i.e. celebrities / other well-known
figures)

The public can associate themselves with them and
accept their messages more easily 36

Should aim to break the habit of car usage for a
sustained period of time (e.g. free/discounted PT
passes)

Breaks habits, removes incorrect perceptions of PT
service quality and gives a realistic chance for the
user to appreciate PT as a viable alternative to the
private car 789,21

Must consider all possible outcomes of the
scheme to help avoid negative results

Failure to asses all outcomes has led to detrimental
. . . 519
effects in Australia and Mexico

Organise the trial period to be in the summer
months.

Projects

This will decrease the likelihood of bad weather
during the trial period, which has been shown to put
off non-/occasional PT users from using PT >

Transparent, credible and balanced,
acknowledging weaknesses of PT

To demonstrate the information provider is being fair

and help non-users affirm themselves with the

9,10
message

Emphasises health benefits of PT usage over
private cars

Citizens are more accepting of arguments given from
a health point of view '

Does not worry/frighten readers or guilt/criticise
non-users transport choices

. 6,12
Causes readers to disengage

Highlights true cost/time associated with car
ownership

9
Many people are unaware of true cost

Tailored to individuals where possible

To increase likelihood of acceptance, as opinions of
the public regarding energy efficiency, PT and climate
change vary greatly 191314

All messages should be consistent and frequently
repeated

To keep the issues in people’s minds 15

Should include basic facts on the benefits to the
environment.

Aids understanding of the necessity of modal shift
and can help effect pro-environmental beliefs to
encourage behavioural change 20

Should be provided by credible and transparent
institutions

Individuals are more likely to accept information from
3
these sources

These organisations should be represented by
credible, motivated and committed professionals

Information Content / Provision

Scientists / people within the individual’s social

networks are considered the most trustworthy te17

1 - (Corner and Randall, 2011); 2 - (Sustrans, 2009); 3 - (AD PERSONAM, 2010); 4 - (Abroms and
Maibach, 2008); 5 - (Government of South Australia, 2009); 6 - (Platt and Retallack, 2009); 7 -
(Thggersen, 2009); 8 - (Fujii and Kitamura, 2003); 9 - (Beale and Bonsall, 2007); 10 - (Young and
Middlemiss, 2012); 11 - (Litman, 2013); 12 - (De Hoog et al., 2005); 13 - (Spence et al., 2010); 14 -
(Leiserowitz et al., 2010); 15 - (Moser and Dilling, 2004); 16 - (MORI, 2005); 17 - (Poortinga and
Pidgeon, 2003); 18 - (Hrelja et al., 2013); 19 - (Crotte et al., 2011); 20 - (Lorenzoni et al., 2007); 21 -

(Ronis et al., 1989)




5. Recommendations to facilitate in effecting modal shift

From the holistic analysis carried out in this paper, a series of general recommendations to better
effect modal shift have been developed, the consideration of which will be at the core of any
notable success in effecting modal shift from private to public transport. These recommendations
are aimed at providing guidance, specifically at those in decision-making positions who can influence
the success of attempts to effect modal shift. A summary of these recommendations is shown in
Table 3.

Table 3: A summary of recommendations to facilitate in effecting modal shift

Operators

* Operators should take care that quality of service is not notably reduced during quality improvements to
the system.

* The use of innovative technologies/approaches can improve the appeal of PT systems

* Operators should consider the hierarchy of PT needs (Figure 3) to ensure focus is given to the quality
attributes most effective at encouraging modal shift.

* The effectiveness, cost-effectiveness and feasibility of PT quality improvements should be considered
when apportioning investment.

* The way the public ranks PT quality characteristics, and the way they choose their transport mode are not
always similar and should be acknowledged when attempting to implement PT quality improvements to
encourage modal shift. For example, cost is an important factor in the choice of mode, but passengers do
not view affordability as a key PT quality requirement.

Governments / Local Authorities

* Methods to circumvent the constraining effects of the electoral cycle and the lack of political strength to
allow for a long-term sustainable transport system should be investigated further.

* Legislation should be developed to encourage contractual agreements that promote longer-term thinking
and maximise private investment in PT infrastructure.

* Development of Passenger Transport Authorities to encourage integration and interoperability between
all urban transport modes.

* Passenger advisory boards should be further utilised to provide their reaction and advice to policy-makers
and operators regarding urban mobility policies, since it appears that such stakeholders perceive the
acceptability of stringent policies to be much lower than it actually is.

* Both decision-makers and the general public should be educated in sustainable mobility issues, including
the necessity of a modal shift to PT.

* Relevant stakeholders should consider the overall long-term benefits of PT system improvements,
including their effects on land prices.
* When developing future programmes aiming to instigate modal shift, decision makers should be aware of

the recommendations listed in Table 2 on the design of such programmes, in addition to their potential
negative consequences (i.e. in Australia, Mexico and USA).

e Where measures to control car usage are necessary, consideration should be given to the range of
potential positive and negative consequences of such actions before implementation.

* Fare-free transport is not a sustainable, long-term solution to reducing car usage, since it can lower the
level of walking/bicycling journeys made, and does not effect a high enough level of modal shift to
compensate for the loss of revenue and increased overcrowding.

* Decision-makers should explore innovative measures to provide funding, with a focus on private
investment.
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6. Conclusions

This investigation has highlighted the importance of modal shift in achieving sustainable urban
mobility. However, it has been underlined that the nature of this challenge is intrinsically complex,
with many interrelating factors determining the likelihood of successfully achieving a notable level of
modal shift. These include societal factors, political factors and a lack of understanding of system-
level effects of certain measures to encourage greater patronage. This has demonstrated the need
for a holistic approach that considers the needs of all involved stakeholders, including policy makers,
PT operators, industrial partners and travellers themselves, which has not previously been
undertaken in academic literature. As such, this paper has undertaken a thorough analysis of
academic literature and numerous case studies, developing a series of highly relevant findings. The
effects of individual quality attributes on ridership levels have been investigated (section 3),
accompanied by an examination of how individuals prioritise specific PT attributes when considering
the quality of a PT journey. Furthermore, the effects of a series of ‘push’ mechanisms to discourage
car usage on modal shift have been analysed. When attempting to instigate significant levels of
change, in terms of infrastructure, PT operations and behavioural changes, there are intrinsically
numerous challenges to success. As such, several methods which can be used to circumvent many of
these challenges have been discussed (section 4). The findings and recommendations from this
investigation for those in decision-making positions have thusly been amalgamated in section 5. If
delivered as part of a comprehensive package of policies, rather than implemented individually, with
an appropriate level of societal backing, political will and investment, this will facilitate in the
progression to a sustainable, high-quality future transport system.

Abbreviations

BRT: Bus Rapid Transit

CMM: Corporate Mobility Management

DfT: United Kingdom Department for Transport
EU: European Union
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PT: Public Transport
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