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Abstract

This paper reports on key findings from dlaoorative study Wwose objective was to
produce an up-to-date guidance manual orfabirs affecting the demand for public
transport for use by public transport ogera and planning authorities, and for
academics and other researchers. Whilst a vadge of factors was examined in the
study, the paper concentrates on the findmegsrding the influence of fares, quality
of service and income and car ownershipe Tésults are a didition and synthesis

of identified published and unpublished infation on the factors affecting public
transport demand. The context is principdhat of urban surfacgansport in Great
Britain, but extensive us&as made in the study of international sources and
examples.

1 Introduction

This paper reports on the key findings afcollaborative study undertaken by the
Universities of Leeds, Oxford and Weshtisiier, University College London and TRL
Limited (Balcombe et al, 2004). The objeetiof the study was to produce an up-to-
date guidance manual for use jyblic transport operatond planning authorities,

and for academics and other researchers. The context of the study was principally that
of urban surface transport in Great Britain, but extensive use was made of
international sources and examples.

While a wide range of factors was exastnin the study, the findings relating to
fares, quality of service and car ownepslaire the most significant and this paper
concentrates on these. However, as Balcoetls (2004) make eér, in practice the
factors cannot be treated either in isaatfrom each other or in isolation from many
other direct and indirect fluences on public transport demand. The main study also
considered new transport modes suclgasled busways, the relationship between
land use and public transport supply and danand the impacts of transport policies
generally on public transport. It alsooked at the influence of developments in
transport and technology ovtére past two decades, suab innovations in pricing,

1



changes in vehicle size, environmentahirols on emissions, and developments in
ticketing and information provision faitdted by advances in computing.

1.1 Background

In 1980 the then Transport and Road Research Laboratory, now the Transport
Research Laboratory (TRL), published a collaborative repbeDemand for Public
Transport (Webster and Bly, 1980). This repasthich became widely known as “The
Black Book”, identified many factors whicinfluence demand and where possible,
given the limitations of the data that meeavailable for analysis, quantified their
effects. The Black Book subsequently provede of great value to public transport
operators and transport pleers and policy makers. However, in the following 20
years there has been a great deal @ngk in the organisation of the passenger
transport industry, the legislative framenk under which it operates, in technology,
in the incomes, life-styles and aspiratiasfsthe travelling pulc, in car ownership
levels, and in the attitudes of policy keas. While these changes have not
invalidated the general conclusions o€ tBlack Book, they will have reduced the
relevance to modern conditions of muoi the quantitative analysis. The new
collaborative study, of which thresult in this paper are anpavas therefore set up to
take account of another 20are’ worth of public trasport information, and more
recent advances in transport researchriiecikes. The overall objectives of the study
were therefore to:
e undertake analysis and research bywgigirimary and secondary data sources
on the factors influencing the demand for public transport;
e produce quantitative indications of halaese factors influence the demand for
public transport;
e provide accessible information on sudttbrs for key stakeholders such as
public transport operators andntral and local government.
e produce a document that assists ieniifying cost-effective schemes for
improving services.

1.2 Thescopeof the paper

The results presented in this paper aralistillation and synthesis of identified
published and unpublished evidence on theueriting factors drawn from three key
areas:

e fundamental principles relag to transport demand;

e evidence from research carried ourtcg publication of the 1980 report.

e empirical results for a range of modes.

Where possible, this paper looks at mdpas in response parameters since the 1980
study.

The data for the study mainly came fromsérg studies and litature identified
through searches for relevant literature in publication databases, material supplied by
public transport operators afatal authorities and contactvith researchers engaged

in analysis in the field. The informatiavas collected, assessed for relevance and, as
far as was possible, quality, and an analges synthesis made of implications of the
overall body of evidence; a meta-analysidares elasticities waalso conducted. In
assessing the evidence it was recognised that fares elasticities, for instance, can be
derived in a number of ways, for examglee trends, stated and revealed preference
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surveys, before-and-after studies, time esemnalysis, cross sectional analysis, and
logit modelling. All of thee approaches have theidvantages and disadvantages,
depending on the context in which the or& research was conducted. The various
methodological approaches were noted dutimg information gathering exercise to
ensure that the outcomes did not contain unwanted bias.

Most findings reviewed relate to the urbemd regional market, with some references
to rural areas. The inter-city, long-distarmoarket as such is not covered, and hence
‘long’ distances refer to about 30 kihetres, as in the orginal study of 1980.

2 Theeffectsof fares

21 Summary of overall findings

Fares are fundamental to the operatiorpablic transport since they form a major
source of income to operators. In general, if fares are increased, patronage will
decrease. Whether revenue increases oredses as a result of a fare increase
depends on the functional relationship betwkgas and patronage as represented by
the demand curve. Usually this is expressedugh the concept ¢élasticity’. In its
simplest form the value of ¢hfares elasticity ithe ratio of the proportional change in
patronage to the proportional change ine§a It has a negative value when, as is
usually the case, fares and patronage are ielyerslated: an increase in fares leads to

a decrease in patronage and vice versa.elfviilue of the elasticity is in the range
zero to -1, then a fares increase will lead to increased revenue. If the value exceeds -1,
then a fare increase wiktad to a decrease in revehue

Fare elasticities are dynamic, varying otiene for a considerable period following
fare changes. Therefore it is increasingbynmon for analysts to distinguish between
short-run, long-run and sometimes medium-glasticity values. There are various
definitions of short-, medium- and long-run, mubst authors take short-run to be 1 or
2 years, and long-run to be around 121& (although sometimes as many as 20)
years, while medium run is usually around 5 to 7 years.

As well as considering the direct effectsao€hange in fares, it is often important to
consider the effects of fare changes on other modes. The usual method to take into
account the effect that other modes hawethe demand for a particular mode of
public transport is to use cross-elastigtiestimating the demand elasticity for a
competing mode with respectttte change in the given mode.

Fare elasticity varies gificantly depending not onlpn the mode, and the time
period over which it is being examined, kalso on the specific circumstances in
which a mode is operating. In the study, elastig@yuesfrom many sources were
examined to provide an up-to-date overvietvfares elasticities and the effects of
various factors on the values. The principautts of this analysis are shown in Table
1 and Figure 1. It can be seen that, dipaspeaking, bus farelasticity averages
around -0.4 in the short rur).56 in the medium run and -1 the long run; metro

! To avoid confusion in comparisons of elasticitimgny of which are negative, the terms “increase”
and “decrease” will always in this paper refer to the change in the magnitude (the numerical part) of the
elasticity. Thus an elasticity which changes from -0.5 to -0.7 is said to have increased
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fare elasticities averagecamd -0.3 in the short run an@.6 in the long run, and local
suburban rail around -0.6 inghbshort run. There is eviden&ar this in Dargay and
Hanly (1999) and Gilbert and Jalilian (1991).

These results appear tadicate a significant changeofn those reported by Webster
and Bly (1980), which were based on intgronal aggregate measures of fares
elasticity for all journey purposes and passemygges across all trip lengths and fares.
This analysis led to the conclusion that overall fares elasticities are low, so that
increases in fare levels will almost alwdgad to increases in revenue. The analysis
resulted in the then accepted ‘standard’ putsthoisport fares elastty value of -0.3.
Given the dominance of before-and-after sgdin the 1980 report, it is likely this
value is what would now be called a sham elasticity. In the current work the short
run elasticity has been found to be about -0.4.

Two of the main reasons for this difference are as follows. Firstly, given that fare
elasticity is different for different journey moses, there may have been a shift in the
proportions of journeys of flerent types for which peoplare using public transport
(for example, more leisure travel)e®ndly, for the same journey purpose the
elasticity may actually have changed. Thisllddoe due a variety dactors, some of
which will interact with eaclother: one of these is increakrate of market turnover,
insofar as potential new users may haliferent perceptions of using public
transport. Other factors include: risingcames and car ownership and the varying
guality of public transporservice over the last 20 yeataterestingly suburban rail
short run fare elasticity has changesty little, remaining at about -0.5.

The 1980 report did not cover medium or lang elasticities at all. Therefore the
likely value of medium run bus fareasticity of around -0.56 cannot be compared
with earlier estimates.

The realisation that long-term elasticitiesn exceed -1 has serious implications for
the public transport industry. While the imdigte effect of a fare rise might be a
temporary increase in revenue, the long-terimceis likely to be a decrease, although

if future cash flows araliscounted, operators may benefit from fare increases.
Nevertheless, attempts to counter falling revenue with fare increases alone will
eventually fail. Reversal of negative trends in public transport patronage requires
service improvements, and possibly fare reductions.

The relatively wide ranges of elasticitylwas about the means shown in Table 1 and
Figure 1 reflect variation in methods ebtimation, as well as variation between
studies in a number of other factors infleegng demand and elasticity. A few of the
more significant disaggregatis are considered below.

Tablel Comparison of fare elasticities from the current study and the 1980
Black Book



Currentstudy 1980
Mean Rangeof Number Study
values reported  of
studies
from

Public transport - UK and outside-0.41 -0.07 -1.02 99
the UK — short run
Public transport - UK — short run -0.44 -0.07 -1.02 68
Public transport — outside the UK —0.35 -0.09 -0.86 31
short run
Bus - UK and outside the UK —--0.41 -0.07 -0.86 44
short run
Bus - UK — short run -0.42 -0.07 -0.86 33 -0.30
Bus - outside the UK — short run -0.38 -0.23 -0.58 11
Metro - UK and outside the UK —-0.29 -0.13 -0.86 24
short run
Metro — UK — short run -0.30 -0.15 -0.55 15 -0.15
Metro - outside the UK — short run -0.29 -0.13 -0.86 9
Suburban rail — UK and outside the0.50 -0.09 -1.02 31
UK — short run
Suburban rail — UK — short run -0.58 -0.10 -1.02 20 -0.50
Suburban rail — outside the UK —0.37 -0.09 -0.78 11
short run
Bus — UK — medium run -0.56 -0.51 -0.61 2
Bus — UK — long run -1.01 -0.85 -1.32 3
Metro — UK — long run -0.65 -0.61 -0.69 2
Bus — London — short run -0.43 -0.14 -0.84 15 -0.44
Bus — outside London — short run -0.44 -0.07 -0.86 14
Suburban rail — SE England — short0.61  -0.10 -0.95 13
run
Suburban rail — outside SE England0.55 -0.15 -1.02 11
— short run
Bus — UK — peak — short run -0.26 0.00 -0.42 9
Bus — UK — off- peak — short run -0.48 -0.14 -1.00 10
Metro — UK — peak — short run -0.26  -0.15 -0.35 6
Metro — UK — off- peak - shortrun  -0.42 -0.23 -0.63 5
Suburban rail — UK — peak - short-0.34 -0.27 -0.50 4
run
Suburban rail — UK — off- peak --0.79 -0.58 -1.50 5

short run

Figurel: Summary of mean values and ranges of fare elasticities

Public transport UK&outside SRT [ .




2.2 Effect of types of fare change

Fare elasticities may be affected by thegmtude of the fare change. In general,
greater fare increases produce higher vabiesasticity than laer increases. There

is evidence of this from modelling of rddres in south-east England by Mackett and
Bird (1989). The differences are greategt lfing-run elasticitiesFare elasticity is
also affected by the current level of the faetative to people’s income. This can be
illustrated by the results for London buses. When fares were particularly low, from
October 1981 to March 1982, ettelasticity was arouneD.30 to -0.33, but at the
higher relative fare levels in 1983, it wager -0.40 (Collins, 1982). Elasticity values
have also been found to increase whie levels for short distance @2km) rall
journeys outside London g&ociation of Train Operating Companies, 2002).

The response to a fare increasay not be equal and opposite to the response to a fare
decrease; that is, they may not be symniced. The evidence is however limited.
Hensher and Bullock (1979pdind, for rail fares in Sydney, Australia, that the fare
elasticity was -0.21 when the fares wdrereased but -0.19 when they were
decreased. However, Wardman (2000), in aere\of stated preference studies, found
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no evidence of elasticity asymmetry,haitigh his study did not include very many
cases where the prices fell.

2.3 Variation of elasticity with type of area

There is enormous variation between differgtes of area in the pattern, type and
level of public transport services, atide demand for them. Generally speaking,
people in areas with low pomtlon densities tend to rely more on cars and less on
public transport than their m® urban counterparts, anceaherefore more likely to
have the option of switching tmar travel if fares rise.

In Great Britain, elasticity values are afiuhigher in the shire counties than in
metropolitan areas (Table 2) (DargaydaHanly, 1999), probably reflecting lower
levels of captivity to bus and the greater feasibility of using car as an alternative. The
greater difference between the long and shans in the meapolitan counties may
reflect a greater turnovesf population in such areas)lowing a wider range of
responses in the long run relative to thers run compared with more rural areas.

Table2 Busfareelasticitiesin Great Britain by type of area

Metropolitan areas Shire counties
Short run -0.21 -0.51
Long run -0.43 -0.70
London Outside London
Short run -0.42 -0.43

The same type of argument might lead t® éxpectation that residents of large cities
are likely to be more dependent on public $r@ort than those in smaller cities, with
corresponding differences in fare elasticitidewever, the evidends less clear cut.

2.4 London asa special casefor bustravel

London bus services may be regarded asaiapcase within Great Britain, not least
because of the size of the conurbation, lee¢lsongestion and the extent of public
transport networks, but also because ef degree of regulation that still obtains in
London. As shown in Table 2, in the shoun, at least, bus fare elasticity is
marginally higher outside London tharside London (based on 15 studies in London
and 14 outside it). One migleixpect a higher elasticityalue for buses in London
because of the availability tthe Underground as an altative. On the other hand the
deregulation of buses and the greater eass®bf cars outside London mean that the
elasticity might be expectedo be higher there. lHooks as if these factors
counterbalance one another.

2.5 Peak and off-peak demand

Trips made in the peak tend to be for warld education purposeand so tend to be
relatively fixed in time and space. Off-petaips tend to include leisure, shopping and
personal business trips for which there oien greater flexibility in terms of
destination and time. Hence one would extpdf-peak elasticities to be higher.



In the UK, off-peak elasticity values arbaut twice the peak values, with slightly
greater variation for suburbamail than the other modes, with peak values for bus,
metro and suburban rail of -0.26, -0.26 a@@4 respectively, and equivalent values
of -0.48, -0.42 and -0.79 respectively for tfepeak. This may reflect the greater use
of off-peak fare discounts on rail tham bus or metro. Outside the UK, the mean
peak elasticity for buses is calculatecbn-0.24, while the equalent off-peak value

is -0.51 suggesting a slighttygher differential betweetihe peak and off-peak.

26 Fareseasticitiesfor different trip purposes

People travelling to work or to school gerlgrdave little choice of trip ends or
timing of journeys. Such trips are largethe cause of the peak, which is when
congestion tends to be at its greatestkingacar journeys slower. Hence elasticities
tend to be lower than for other trip poses. Evidence to demstrate this was found
in London and, for suburban rail, in sowdhst England. Business trips paid by
employers have very low elasticity valubgcause an employer likely to regard a
fare increase as largely irrelevant ibaal business journey needs to be made.

2.7 Fareselasticitiesfor different typesof traveller

Because those with access to a car havee mlternatives thathose without, they

tend to have higher elasticity values, pautiely in the long run. Males tend to have
higher elasticity values than females. This may be partly because they are more likely
to have a car available. The evidencetfos comes from microsimulation modelling

by Mackett (1990).

The evidence about age is not clear-cut, beeditere are several effects at work here.
Many of the trips by the eldgriwill be discretionary, ando one would expect a high
elasticity value for these trips. Howevdahey may have low car ownership and
difficulty walking which means that many tifem may be captive to public transport,
and so they have a low elasticity value. In many places in Britain they receive free
public transport, and so they will comtie to travel whatever the fare level.

Travellers with high incomesnd to have higheglasticity values because their higher
car ownership levels mean that they hamealternative when fares increase.

28 Faresdasticitiesby distancetravelled.

For buses, there are two possible effectse:héor very short trips, walking is a
feasible alternative for many people, so elasticities tend to be higher (see Tyson
(1984) for example), and for ‘long’ trips {tvin the range of dtances considered
here) fares are a largeroportion of incomes and a e@r range of alternative
destinations exists (for example, for shaypi hence elasticities tend to be higher for
these trips (see White (1981) for exampleyidence was found to support the idea
that elasticities are highéor very short and very long trips, and lower for medium-
length ones.

For rail, fare elasticities decrease with digte (within the range considered in this
paper). This may be because fares are ofibjest to a taper, thas the fare per unit
distance decreases with increasing distambes effect may outweigh the effects of
fares for longer journeys being higher proportions of income.



2.9  Effectsof ticket typesand fare systems

The effects of pre-paid tieking systems (travelcards or season tickets) are not clear
and may depend on the level of discount amdcibnditions of use. In such cases the
purchase decision relates to a ‘packagetrafel (for exampleunlimited journeys
within given zone(s) for a whole month),thhar than individual single or return
journeys. The user therefore may wish emsider the ‘value for money’ offered by
such a package both relative to single artdrrefares on the same system (i.e. the
discount within the public transport sysfeand other modes (notably car). When
such a ticket is purchased for the firsteint will influence behaviour not only by
changing the average money cost per tripavigs previous travel patterns, but also
encouraging additional tripsr{d interchanges) at zero money cost. This in turn may
influence the renewal purchase demisat a new price level (White, 2001).

210 Meta-analysis

Meta-analysis involves pooling together tlesults from different empirical studies

and developing a quantitative model that expg variations in results across studies.
A meta-analysis of the British evidence on fafasticities was conducted as part of
the study (Wardman and Shires, 2003). Tine @f the exercise was to corroborate the
findings of the more conventional review aodobtain insights into issues that would

not otherwise be possible — such as themedion of elasticities over a wide range of
circumstances and the influence of theethodological approaches used in the
individual studies reported.

The analysis took the form of a regsion model, estimated using 902 public
transport fare elasticities obtained fral4 studies conducted in Britain between
1951 and 2002. The markets covered were intea+urail travel, sburban ra travel,
urban bus travel and Londamderground. A number of inesting findings emerged
and the models can be used to ‘prediatefelasticities for a range of situations.

The elasticities predicted by the resultingdul, for various types of modes, journeys
and travellers are shown in Table 3. Thé& a good degree abnsistency between
these results and those from the individstaldies reported above, suggesting that the
model derived from the meta-analysis mighavya a useful tool for estimation of fare
elasticities where it is not possibledstablish them by more direct methods.

2.11 Conclusionson fare elasticities

Fare elasticities tend to increase over time since the change of fare. For example, bus
fare elasticities are about -0.4 in the short, -0.55 in the medium run, and about -1.0

in the long run. Similarly, metro fare elasties tend to be abou®.3 in the short run

and -0.6 in the long run. Elasticities se@mbe slightly higher in the UK than
elsewhere. Fare elasticitiesvieancreased since the 1980 study.

Table 3 Faredagticitiesderived from the meta-analysis

Elasticities
Bus - UK — short run -0.36




Metro — UK — short run -0.37

Suburban rail — UK — short run -0.52
Bus — UK — long run -0.70
Metro — UK — long run -0.54
Bus — London — short run -0.37
Bus — outside London — short run -0.36
Suburban rail — SE England — short run -0.50
Suburban rail — outside SE England — -0.60
short run

Bus — UK — peak — short run -0.30
Bus — UK — off- peak — short run -0.40
Metro — UK — peak — short run -0.30
Metro — UK — off- peak - short run -0.44
Suburban rail — UK — peak - short run -0.42
Suburban rail — UK — off- peak - short run -0.65

Fare elasticities are affectég the time of day: off-peakalues are about twice those
in the peak. This partly reflects the natwfethe trip purposesvhich dominate in
each. Work and education trips, which tend to be in the peak, Ibaer elasticity
values than discretionary trips such aspping and leisure which tend to be during
the off-peak.

Elasticity values tend to bdagher in rural areas than urban areas. This is probably
because of the higher car ownership levels and may also be because fares will be
higher because journeys will be longer on average. In addition, where school journeys
are made on separate services (especiallpdpils entitled to e travel) the market
served by the ‘public’ netwkrcontains a very small progmn of ‘peak’ journeys

(such as adults to work)nd is dominated to a greatertent than urba services by
purposes such as shopping.

3 Theeffectsof quality of service

3.1 Introduction

Quality of service may be defined by a wide range of attributes which can be
influenced by planning authties and transport operatorSome of these attributes
(access and egress time, service intervalsiravehicle time) directly involve time,
and can be quantified withelative ease and incorporat@d appropriate demand
forecasting models, using relevant elatisi Others (vehicle or rolling stock
characteristics, interchanges beeém modes, service reliabilityinformation
provision, marketing and promotion, andrieas bus specific factors) are more
problematical because changes in theg#éates are often accompanied by changes
in other attributes, particularly fare anoujney time. Valuations of such attributes
are often derived from ated preference (SP) adels, based on hypothetical
behaviour, as distinct from the Revealedeference (RP) methods, based on actual
behaviour, reviewed earlier in this paperllostrate aggregate joe elasticities, and
later in this section to derive aggregaservice level (frequency) elasticities.
Although there is a body of evidence thaiggests RP and SP approaches are
comparable in terms of attribute valuatidinere is also evidence to suggest that SP
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approaches may give biased elastigigults (Louviere et al., 2000). In practice
emphasis continued to be placed on RP estimated elasticities but where these were
absent the results from SRribute valuation were usedFor example, the relative
importance of quality of service characteristics is often expressed in terms of an
attribute weighting relative to another joey component. This weighting may be in
terms of equivalent in-vehicle time minutes. For example, a real time information
system may equate to a 3 minute reductiomafehicle time per trip. Alternatively,
service attributes may be expressed in rtanyeterms, such as a minute of wait time
being worth the equivalendf 10 pence in fare. Wherattribute weightings are
determined as monetary equivalents thesg be added to actual fares/journey times
and used, together with an appropriate/faueney time elasticity, to estimate effects

on demand.

3.2 Accesstimeto boarding point and egresstime from alighting point

The evidence for the impact of accessl agress time is dominated by attribute
valuation studies. The majority of thesedes were based on the use of SP, rather
than RP, techniques (Wardman, 2001).

Weightings for walking times to and frobus stops and stations range between about
1.4 and 2.0 units of in-vatle time (based on 183 dliwations), with no obvious
dependence on trip type and main modle corresponding range for access and
egress journeys by all means (including driving and cycling to stations etc) is similar
(1.3 to 2.1 - based on 52 observations).

3.3 Serviceintervals

The effect of service intervals can be mgad in a number of ways: total vehicle
kilometres or hours, frequency, headwag/ee interval, wait time and schedule
delay. The dominant indicates the number vehicle kilonwes operated. This has an
inverse, but generalijexact, relationship witBervice headways.

A number of studies have estimated thasttity of bus demand with respect to
vehicle kilometres. As shown in Table 4istlis approximatelyd.4 in the short run,
and 0.7 in the long run. For rail services fi@rt run elasticity is somewhat greater
(about 0.75), but this is based on onlyehhmeasurements and no long run elasticity
appears to have been estimated.

Table4 Busand rail service elasticities

Bus No of obs Rail No of obs
Short run 0.38 27 0.75 3
Long run 0.66 23 - -

Service elasticities for buses have been found to be considerably greater on Sundays
and in the evenings, when service levels are generally lower (Preston, 1998).
Similarly, elasticities tend to be higher in rural than in metropolitan areas, where
service levels are gher (Dargay and Hanly, 1999). dile is some evidence, however,

that busdemand is shown to be more servicetetaa big cities (with populations of
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over 500,000) than small towns because of the competition from other public
transport modes. It is also suggested thatice is valued mordighly in large cities
due to higher income levels (European Commission, 1997).

Elasticities for bus demand have also bestimated with respect to passenger
waiting times. The average value appetrsbe -0.64, but values for off-peak
journeys, and journeys to non-central destinations, tend to be higher (Preston and
James, 2000). Service levels may alsoelxpressed in tersnof vehicle hours
operated. Elasticities estimated from geses in bus hours operated were found (in
four studies) to be of the ondef +1.0 (Pratt at al., 2000).

It is also possible to consider the effeatservice levels by estimating attribute value

of waiting time in terms of in-vehicle times. For buses, wait time appears to be valued
at about 1.6 times in-vehicle time, whilee corresponding valuer rail is 1.2 (both
based on 11 observations — see Wardman, 2001).

3.4 Timespent on board the vehicle

There is limited evidence on bus elasticitiggh respect to in-vehicle time (IVT),
possibly because the options for improving bus speeds are somewhat limited,
especially in urban areas. In additidioy short journeys, IVT may be only a
relatively small part of the total journey time

The review suggests that IVT elasticities appear to be roughly in the range -0.4 to -0.6
(based on three studies), while those fdxanror regional rail raye between -0.4 and

-0.9 (based on five studies). Small andngton (1999) suggest greater values for
longer interurban journeys2.1 for bus, -1.6 for rail).

There is also some evidence on elasticitsth respect to generalised cost (GC)
which brings together fare, in-vehiclen, walk and wait times. Generalised cost
elasticities lie in the rge -0.4 to -1.7 for buses, -0.4 to -1.85 for London
Underground, and -0.6 to -2.0 for rail. 83® ranges incorpogatvariations with
journey purposes and income (Halcrow Fox et al, 1993).

3.5 Thewaiting environment

Passengers who have to wait for buses aingr prefer to do so in conditions of
comfort, cleanliness, safety and protectioom the weather. #ribute values have
been derived for various aspects of budter® seats, lighting, staff presence, closed-
circuit TV and bus service information. tiEsates for individual attributes of the
waiting environment range up to 6p per t(gubject to a limiting cap of around 26p
on the total — Steer Davies Gleave, 1996)yprto 2 minutes of in-vehicle time per
trip (Wardman et al., 2001).

3.6 Effect of vehicle or rolling stock characteristics
The attributes of public transport vehicle® largely unquantiftde and they are too

many and various for direct alysis of their effects on demand. It is almost axiomatic
that passengers will prefer clean, comfortatdbicles that are easy to get on and off,
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but the relative importance stich factors is difficult to determine. SP techniques
have therefore commonly been used, sonmegiim conjunction with RP approaches,
to obtain quantifiable measurements.

Studies using SP methods have suggestat ahtrip in a low-floor bus may be
perceived as being worth 5-14 pence more théip in a convetional bus with high
steps (Accent, 2002). Evidence from bus oesasuggests a passenger growth of
about 5% on low-floor convsion, arising not only fromvheelchair users but also
categories such as those with heavy shoppimghildren in buggiedf considered as

an effective reduction in monetary fare, the SP valuation produces a similar
percentage growth when a typical gham fares elasticity is applied.

Research for rail has estimated the effects of replacing old with new rolling stock,
using a combination of RP and SP hwets (Wardman and Whelan, 2001). Rolling
stock improvements are typically valuet around 1-2 % of in-vehicle time.
Refurbishment which changes the level wéin seating laydy ride quality,
ventilation, ambience, noise @rseating comfort from levels associated with old
‘slam door’ stock to new air conditionedosk in South East England was worth
around 2.5% of the fare. However, most refurbishments would be worth somewhat
less than this, with 1.5% lvg a representative figure.

3.7 Publictransport interchange

The ideal public transport service wouldrgathe passenger dioy between origin
and destination. In practice, given the diversityravel patterns, this is not an option
for many passengers who have to makierahanges between or within modes.
Studies in Great Britain have found thtssengers dislike interchange. The average
equivalent penalty, including walking ansaiting times necessary to effect an
interchange, is 21 minutes IVT on a bump ttbased on six olesvations), and 37
minutes IVT on a rail trip (based on Dbservations — Wardma 2001). There is
however considerable variation betwgenrney purposes and from place to place.
For example, interchange penalties mayrheh smaller in urban environments with
high-frequency public transport services.

3.8 Rédiability

The main manifestations pliblic transport reliability are excessive waiting times due
to late arrival of buses or trains, andcessive in-vehicle times, due to traffic or
system problems. It is common to express these forms of unreliability in terms of
standard deviations in waiting or in-vele times. The limited available evidence
suggests that the perceived penalties aredbrauivalent to the standard deviation
multiplied by the corresponding value of waiting or in-vehicle time (WS Atkins and
Polak, 1997). For example the mean waiting time is Binutes, with a standard
deviation of 2.5 minutes, then thdesftive waiting time is 7.5 minutes.

3.9 Information provision
Some basic level of information about puli@nsport services is necessary for those

who use or plan to use them. In practicgutar travellers rarely make use of formal
information systems, and many occasional ttax&rely on informal sources such as
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advice from family and friends. While it relatively easy to discover who makes use
of various different information systems, tles little direct evidence of their effect
on demand.

The vast majority of evidence on information provision takes the form of attribute
valuation, using stated pe¥ence and other attitudinaurvey methods. There is
considerable variation between the restitsn different studies, partly because of
methodological differences, and partly becatise resulting attribute weightings are
generally small compared with other fastdhat vary betweestudies. Most recent
research has been on the effect of real puoigic transport information systems, with
digital displays at bus stops or metro stasi displaying the preded arrival times of
relevant buses or trains. Evidence fromu€tdown in London (Steer Davies Gleave,
1996) and similar systems elsewhere (Accent, 2002) suggests a valuation somewhere
between 4p and 20p per trip.

Service information available at homéjrough printed timetables, bus maps,
telephone enquiry servicescetseem to be valued at between 2p and 6p per trip
(based on four observations), and similariinfation at bus stops at between about 4p
and 10p per trip (based on 43 observations).

3.10 Conclusionson quality of service

There is generally less evidence on thenaed impacts of sernacquality variables
than that of fares. The main body of ende on elasticities ledes to bus service
levels, although there is alsome elasticity evehce on the impact of IVT. There is a
large body of evidence on attribute valuestipalarly for walk and wait time, IVT
and information provision, based largebn SP studies. In combination with a
knowledge of fare elasticity, the fare lewaid the level of the sace attribute (all
derived from RP studies), the valuation o #ervice attribute can be used to infer a
service attribute elasticityror example, at 2000 pricéswas found that the mean
value of time for commuting by urban buwss 4.2p/min (based on 17 observations),
whilst the value of leisure travel wasp/min (based on 17 observations — Wardman,
2001). This in turn implies an elasticity bus demand with respect to IVT of around
—0.4, which is consistent witthe range given in seot 3.4. There is likely to be
further scope for combining SP and R®idence in this way. However, more
evidence is also needed on the demandhatgpof service improwveents, particularly

in terms of IVT, the waiting environment, vehicle characteristics, interchange,
reliability and pre-trip information. Therare other areas, such as personal security,
where there have been very fguantifiable results to date.

4 Demand interactions: effects of fare changes on competing modes

Most evidence on public transport cross elastigiin Great Britain has been collected
in London, usually in reseeln undertaken by, or sponsdrby Transport for London
and its predecessors (see Table 5).

In London the relatively high sensitivity dfnderground use to bus fares (cross
elasticity = 0.13) may reflect the overlap Underground and bus networks which
provide a choice of publicdansport mode for many travellers. However, the smaller
sensitivity of bus use to Underground menforms less well with this observation,
possibly because many suburban areasedeby bus are not accessible by the
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Underground. The relationships betweeihaad bus show a iilar asymmetry. The
least interaction seems to be betwedhaad Underground, [ssibly reflecting the
complementary, rather than competitivdeso of these modes. Car use is almost
independent of bus and Underground fares.

Table5 Matrix of crosselasticities for London

Bususe Under- Rail use Car use
ground use

Bus fare - 0.13 0.06 0.04
Underground fare 0.06 - 0.03 0.02
Rail fare 0.11 0.06 - N/A
Bus miles - 0.22 0.10 0.09
Underground miles 0.09 - 0.04 0.03
Bus journey time - 0.18 0.08 0.06

Source: Glaister (2001)

In other urban areas, public transport use is remarkably sensitive to car costs, but car
use is much less dependent on public dpant costs (Table 6). This reflects
differences in market shares of public gd/ate transport: a small percentage shift
from car travel can amount to a large percgatacrease in publitansport use. This
observation also applies to inter-urban traVeble 7), where #hrelatively high cross
elasticities for inter-tban coach travel with respt to rail fares (0.32), andlce versa

(0.17), suggest a higher level of irdeangeability between these modes.

Table6 Urban crosselasticities

Car use Rail use Bus use
Car cost - 0.59 0.55
Rail cost 0.054 - 0.08
Bus cost 0.057 0.24 -

Sources: Toner (1993), Wardman (1997b).

Table7 Interurban crosselasticities

Car use Rail use Coach use
Car time - 0.33 0.60
Car cost - 0.25 0.34
Rail time 0.057 - 0.20
Rail cost 0.066 - 0.32
Coach time 0.054 0.17 -
Coach cost 0.014 0.17 -

Source: Wardman (1997a).

5 Effectsof income and car ownership

5.1 Introduction
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Traditionally income and car ownershipvieabeen deemed ‘background factors’, as
compared to attributes of public transportisas fares, servidevels, journey times

and vehicle quality, which are directly umdée control of theoperator. The broad
relationships between incomear ownership and the denthfor public transport are

well documented. Despite this the exact relationships and the correlation between all
three factors, and in particular betweecoime and car ownership, would appear to be
only marginally clearer since the origidémand for Public Transport publication.

The last 23 years have seen marked inceeigiseeal income and car ownership levels

in the UK and across Europe. For exampiethis period GDP increased by around
68% in Great Britain whilst the number of cars per household has increased from 0.76
to 1.11. In that time, local bus journeys have fallen by around a third. This is
consistent with evidence from the UK Natal Travel Survey that bus use (both in
trips and person-km) falls substantialgs car ownership per household rises.
However, for rail the position is more mixed - while trips per person decline with
rising household car ownership, person-khows little variation, as average trip
length becomes higher. The performance ibfatea local level depends on congestion
levels and, because of the perceived higher quality of rail, is less sensitive to increases
in car ownership than bus. Indeed, Central London rail commuter traffic has increased
by 13% since 1980, associateidhagrowth in employmentevels in that area.

Income is expected to increase the number of trips and their average length. It is likely
that this additional travel will be split between increased public transport trips and
increased car trips, depending upon the l@fetar availability and assuming that
public transport is a normal good. Incomealiso a key determinant of car ownership

and hence there will be a secondary and negative impact on the demand for public
transport via car ownership. Rising car aniding licence ownetsp, income growth

and the declining real cost of car ownepshave been identified as the key factors
that have shaped personal travel patterns in the last twenty years. Whilst a host of
other background factors can be cited, feey relationships are outlined below:

e An increase in income will, depending upon the level of income, lead to an
increase in car ownership and so car labdity, or to an increase in public
transport use.

e Anincrease in car ownership/availabilityliivother things being equal, lead to
a reduction in the demand for public transport modes.

e The sign and magnitude of demand elasésifor public transport with respect
to car availability anaghcome will vary depending upon the income levels.

e Income growth can be expectidincrease average trip length.

Because of these relationships consideraislee must be taken when interpreting
public transport demand elasticities that have been estimated with respect to income
and car ownership. Income elasticitiesiraated using demand models that do not
have car ownership amongst their explanateaariables will pick up the negative
effect that car ownership fian public transport and anet comparable with income
elasticities that are estimated alongsihe ownership terms. The problem with
estimating models that include both variabkeshe collinearity that exists between
them. The first Demand for Public Tramst book noted this in detail and twenty
years on the problem of collinearity still ists and is particularly noticeable for
models that have been cahlbed using time series data.
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5.2 Effect of income on travel expenditure and distance travelled

In almost all Western European countrieltt@erson-km has risen at around 1 to 2%
per annum, a little less than the growthréal GDP. Table 8 illustrates the growth

experienced within Western Europe beém 1990 and 1998, with total person-km for
motorised modes rising by 19%. The greatgsivth was experienced in air travel

(65%), followed by car (18%), bus andach (9%), rail (8%), and tram and metro
(5%).

Table 8: Growth in public transport use: European Union countries 1990-1999

Mode Growthin
passenger km

Passenger Cars 18%
Buses & Coaches 9%
Tram & Metro 5%
Railway 8%
Air 65%
All 19%

There can be no doubt that income hgwoaitive impact upon the total amount of
travel. Further, the figures from the FamExpenditure Survey for Great Britain
show that the percéage of household expenditure oansport and travel has slowly
increased over time, rising from 14.8% in 1981 to 16.9% in 1999/00. These figures
exclude expenditure on air travel, whiblas seen significargrowth (nearly 50%
more passenger kms between 1989 and 1893 g the last twenty years.

Given little change in thpopulation, traffic growth ames from two sources: people
making additional trips and people makimmgndier journeys. There is clear evidence
that trip lengths are increasing with imge, although the effects are not particularly
strong. In general, the elasticities of tripd¢h with respect to some lie in the range
0.09 to 0.21 but with noticeably strongeogth for car commuting, business trips by
rail and business trips by bus. The latter is not a particularly significant category,
whilst the figures for rail business tsipvill include longer distance journeys.

5.3 Effect of income on public transport demand

The empirical evidence from Britain cleattydicates that the bus income elasticity,
which includes the car ownership effect, igatéve. It appears the quite substantial,
in a range between -0.5 and -1.0 in g run although somewhat smaller in the
short run as is clear in Table 9. This wib@xplain the sustaidereductions in bus
demand over time. However, as car owhgrsapproaches saturation, the income
elasticity can be expectéo become less negative.

In studies based on the volume of demanekgtlis strong correlation between income
and car ownership which means that it is diffi to disentangle the separate effects of
each. In some instances, it has even resulted in coefficients of wrong sign. Various
studies have attempted to overcome this problem using outside evidence and
constrained estimates, whilst analysis of trip patterns at the individual level, as is
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possible with UK National Travel Swy (NTS) data, does not face serious
correlation problems.

Table9 Busincome elasticities (Great Britain)

Short run Long run
National data (journeys) 0 -0.45 10 -0.80
National data (pass-kms) 0 -0.15 to -0.63
Regional data (journeys) 0to -0.29 -0.64 t0 -1.13
County data (journeys) -0.310-0.4 -0.6 t0 -0.7
PTE data (journeys) -0.7 -1.6

There is some evidence to suggest thaiatians in the demand for bus purely as a
result of income growth are negative, batany event the overall effect after the
introduction of car ownership is negative.

Although car ownership has a negative impact on rail demand, it is less than for bus
and, although there are quite large vamiadi between market segments and across
distance bands, the overall effect of income on rail demand is quite strongly positive.
Unlike the bus market, there are many segts in the rail market where car
ownership has saturated or where car aldiitp is sufficiently high that the growth

rate and its negative impact on demand is IdRail income elasticities are generally
found to be positive, and as high as 2 in some cases. As with the bus income
elasticity, the rail elasticity can also be expected to increase over time.

5.4 Effect of car ownership on public transport demand

There is some empirical evidence relatiogthe effect of caownership on public
transport demand where income is not entered into the model. However, there are
fewer instances where car ownership is tHe gariable representing external factors.

The evidence from studies which havencentrated solely onar ownership as a
predictor of the effects @xternal factors on public traport demand indicate that the
impact on bus travel in Britain isegative (see also Section 5.1 above)

55  Conclusionson income and car owner ship effects

Income and car ownershigrowth are fundamental tthe underlying demand for
public transport. There hagén almost continual declie the demand for bus travel
over the past 25 yearalthough rail travel has recentikperienced something of a
renaissance. To a legsextent than for caravel, the averag#ip length by public
transport has increased with income, with teddges of trip length to income in the
range 0.1-0.2. The income elasticity bfis demand, including the indirect car
ownership effect, is large and is in the range -0.5 to -1.0 in the long run. This can be
expected to fall as the cawnership growth induced by dame growth slows as
saturation is approached. Rail income elagtgiare somewhat larger, in part because
car ownership levels are much higher in themarket, and can be as high as 2.

6 Concluding remarks
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This paper reports on key findings from dlaoorative study Wwose objective was to
produce an up-to-date guidance manual orfabirs affecting the demand for public
transport for use by public transport ogera and planning authorities, and for
academics and other researchers. While a wadge of factors was examined in the
study, the paper concentrates on the findmegsrding the influence of fares, quality
of service and income and car ownership.

Fare elasticities tend to increase over timeeaithe change of fare, with bus fare
elasticities being about -0.4 in the sham,-0.55 in the medium run, and about -1.0
in the long run. Similarly, metro fare elasties tend to be abou®.3 in the short run
and -0.6 in the long run. For quality of sen; the mean value of time for commuting
by urban bus was 4.2p/min, whilst the vabfdeisure travel was 2.6p/min (at 2000
prices), implying an an elasticity of buemand with respect to in-vehicle time of
around —-0.4. As incomes increase over time, trip lengths increase. The impact varies
across journey purposes, but with elagési in the range 0.1 to 0.2 the long run
impact on passenger kilometres, if maiméal, will be significant. Income has a
positive impact on public transport demand, with an offsetting negative impact,
particularly in the bus market, through @Hfects on car owneng. As car ownership
growth slows and reaches saturation, thegatnee effects will diminish.

As has been shown, a substantial body of evidence exists with respect to fare
elasticities and, to #&sser extent, service and incoreksticities, with important
distinctions made between the short-rund dhe long-run. There is also a sizeable
evidence base on the valuation of key attesiguch as walk timeyait time, IVT and

some aspects of information provision.w&ver, there is more limited evidence on

the impacts of reliability, vehicle characteristics, the waiting environment,
interchange, personal security, and netéirlg and awareness campaigns. Such
attributes are increasingly central eletsenf transport polyg, and understanding

their impact is crucial if policies are b® properly formulated and implemented.

Whilst there can be little doubt that a widmge of factors influences the demand for
public transport, and there is plenty of @ncal evidence as to what the relevant
factors are, and which of them may berenamportant than others, in different
circumstances, it must always be recoghiseat the results may be subject to a
considerable degree of uncertainty. On¢hef problems encountered during the study
was in determining the context under whisome of the reported experiments and
studies had been conducted.isTivas especially markedith regardto separating
short and long run effects. This whole issuould benefit from further investigation,
particularly to ascertain whethattribute valuations refer the short- or the long-run.
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