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How does patronage react to service frequency?

Jarrett Walker and Stuart Donovan, jwalker@mrcagney.com , McCormick Rankin Cagney

Research Summary

This paper investigates how bus patronage responds to service frequency. Our research focused
specifically on the weekday midday or inter-peak period extending from 9:00 AM to about 2:00
PM, This period was chosen because increasing bus frequencies during these times generally
costs less than peak-hour frequency improvements, and because the peak is too brief for regular
patterns to be isolated. The results of this research aim to assist transit agencies forecast and
evaluate the impact of frequency changes.

Data were collated from 20 bus routes across four Australian cities: Brisbane, Adelaide,
Melbourne, and Sydney. All data were associated with frequency changes implemented since
2004 and as such are considered indicative of contemporary experience. The patronage
responses calculated from this data are illustrated in the figure below, where the vertical and
horizontal axes measure “Elasticity” and “Months after frequency change” respectively. Note that
the numbers on each curve refer to the legend, so that curves can be matched to routes without
needing to match the colours.
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Elasticity is defined as the percentage change in patronage in response to a percentage change
in frequency. The positive elasticity values indicate that patronage clearly does improve with
frequency, while the most common curve shape — rising rapidly and then more slowly — suggests
that while some results of frequency change are immediate, the full effects take months if not
years to emerge.
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Two routes exhibited unusually large responses in excess of +1.00, namely: Adelaide 541 and
Brisbane 345." These routes may operate in areas with latent demand for increased bus services
and/or passengers that are particularly sensitive to frequency. Alternatively, it is important to
acknowledge that the patronage response for these routes may be inflated by external factors not
accounted for in our analyses, such as passengers switching from parallel routes and/or
simultaneous service changes in the area. Ultimately we have no reason to exclude data for
these routes, despite the unusually large patronage response.

The mean elasticities and confidence intervals associated with these patronage responses are
illustrated in the figure below. The mean profile shows a rapid elastic response in the first few
months following the frequency change, after which the rate of response subsides. The
magnitude and shape of this profile is consistent with other research in this area (Wallis, 2004).
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The graph above shows that after 12 months the mean elasticity has reached +0.362 (+0.122),
which increases to +0.505 (+0.175) after 35 months.” As discussed, two relatively distinct periods
of growth emerge from the mean elastic profile: on average, we would expect rapid patronage
growth in the first 4 months, after which the rate of growth would be expected to slow.
Interestingly, while the rate of increase in the patronage response reduces over time, it persists
up to 35 months after the initial frequency change. This persistent, albeit subdued, patronage

! Brisbane 345 is anchored by the City Centre and Aspley Hypermarket at the southern and northern ends respectively,
with buses running for approximately 14km on a relatively direct route through predominantly low density residential
suburbs. Adelaide 541 is anchored by the city at the southern end and low density suburbs in the north-east, with buses
running for approximately 19km of which 6km is on-road and 13km via the grade-separated O-Bahn.

% The figures in parentheses indicate the range of the 95% confidence intervals in relation to the mean elasticity.
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response may affect evaluations of the long term impact of frequency changes. In spite of its
usefulness, fine-grained (monthly) analysis of temporal variation has received only limited
attention in the literature and is considered a key contribution of this research.

Our analysis of Australian data corresponds well with the findings of international studies. We
reviewed 35 elasticity estimates sourced from studies in the United States, the United Kingdom,
the Netherlands, and Norway (TCRP, 2004, Mackett et al., 2004, Cheung et al., 1985).
Elasticities reported in these studies had a mean of +0.55 and ranged from as low as +0.00 to as
high as +1.17. More recent studies tended to be associated with larger elasticities suggesting
that passenger sensitivity to bus service frequency has increased over time. This result is
consistent with the trend towards increasing vehicle ownership, where the success of bus
services is likely to be increasingly dependent on their ability to attract “non-captive” passengers.
In one of the most recent studies, for example, Preston and James (2000) identified elasticities
ranging from +0.64 (for all services) to +1.17 (for off-peak suburban services).

On the basis of this research we suggest that the patronage response to changes in bus service
frequency is best characterised in terms of:

Magnitude: The patronage response is, on average, expected to be +0.362 (+0.122)
after 12 months, rising to +0.505 (+0.175) after 35 months. Results are widely
distributed and positively skewed, with some routes exhibiting large elasticities.

Persistence: The patronage response to frequency changes is surprisingly persistent
— many of the routes analysed in this research exhibited ongoing patronage
response, albeit subdued, up to 35 months after the frequency change. Obviously,
the passage of so much time reduces our certainty that the frequency drove the
patromage change, so it is best to conclude, on this point, that frequency
improvements drive a patronage growth that seems to continue until new factors
come into play. We can also view these patterns as evidence that frequency creates
the necessary conditions for other factors to influence patronage. For example, a
rise in fuel prices will shift some people to transit only if the service is frequent
enough to meet their needs.

Context: The patronage response is highly context dependent. Factors that
influence the patronage response include the real change in frequency, proportion of
commuters/adults; service branding/advertising; and external factors.

In conclusion, the findings of this research indicate that general improvements in inter-peak bus
service frequency — particularly in certain contexts — present a potential mechanism for driving
substantial and sustained growth in public transit patronage in Australia’'s urban areas, and
probably also in comparable urban areas elsewhere. This research is discussed in more detail in
the following sections.
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Introduction

This research considered how patronage reacts to changes in bus frequency. Research efforts
focussed on the weekday inter-peak period because only this period is long enough, and
consistent enough to analyse, and because of the lower marginal costs of running additional bus
services at these times. The inter-peak period is defined as the middle of a normal week-day,
running from 9 or 10am in the morning until 2 or 3pm in the afternoon. It thus sits between the
morning and evening peaks. The inter-peak is a period during which surplus buses are often
available. For this reason the cost of running such services consists of labour and fuel, rather
than additional fleet capacity, which significantly reduces the cost to the transit service provider
(Bruun, 2005). By smoothing out peak period driver requirements, increasing inter-peak bus
services also yields more efficient staff schedules, reducing the need for part-time shifts.

Our research comprised two main parts: a review of international literature reporting elasticities
on bus frequency and an analysis of Australian case studies. The following sections summarise
the results of our international literature review, consider the Australian experience, outline
potential policy implications, and discuss opportunities for further research. These findings
suggest that — in certain situations — inter-peak bus services solicit a large patronage response.

Literature review

Our review considered a variety of studies into the elasticity of demand in response to frequency
changes. A total of 51 elasticities were considered from a range of countries, including the United
States, the United Kingdom, the Netherlands, and Norway. These studies varied in a number of
key characteristics and model specifications, including:

Type of study, i.e. specific studies, meta-analyses, or stated preference;
Measure of service frequency, i.e. direct or proxy;® and
Market segmentation, i.e. suburban versus town centre.

The type of study is an important factor when considering elasticity estimates. Specific studies
estimate elasticities by considering patronage impacts on specific bus routes where frequency
changes have occurred (see for example Chueng (1985)). In contrast, meta-analyses draw
together elasticities from a number of specific studies and attempt to explain the variation
between them in terms of the model specifications, or attributes, of the individual studies (see for
example Hensher (2008)). Finally, some studies combine stated and revealed preference data to
make inferences on the relative importance of frequency in comparison to other service factors
(see for example Espino et al., (2007)). These studies are particularly useful for establishing how
frequency relates in importance to other measures of service quality, such as fares and security.
Despite the usefulness of stated preference studies, our research has primarily focused on
specific studies and meta-analyses.

% A number of studies used proxies for service frequency, such as bus-kilometres and bus-hours.
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Significant variation also exists in the dependent variable used to predict the patronage response.
A number of studies on the patronage response to service improvements use proxies for service
frequency, such as bus-hours and bus-kilometres (see for example Stanley (1998) and Dargay
and Hanly (2002)). Measures of bus-hours and bus-kilometres tend to provide aggregate proxies
for service quality and thus are suitable inputs for financial planning. Elasticities based on these
measures, however, are likely to conflate frequency changes with other effects, particularly when
measured across a wide number of routes or broad areas, such as increased service span and
expanded coverage.4

Notwithstanding their importance, these effects are not the focus of this research and our
literature review considered only those studies for which frequency is the dependent variable.
Changes in service frequency are also more readily communicated to patrons and thus more able
to be integrated within advertising/branding campaigns, the implications of which are discussed in
more detail in following sections. The weakness of using only direct measures of service
frequency, rather than broader measures such as bus-kilometres, is that the wider effects of
frequency changes, such as bus passengers switching routes, tend to be more difficult to isolate.
Further comparative studies into how these different measures of bus service levels relate to
each other would be useful for informing the interpretation and application of the elasticities
developed in this research.

Market segmentation is another distinguishing feature of the elasticities reported in the literature.
Most studies report total elasticities across the entire day and for all possible routes and possible
ticket types. This is problematic in the peak period, where frequency increases are often in
response to capacity problems. Frequency improvements that serve only to relieve overcrowding
will of course trigger a patronage improvement by welcoming passengers who were previously
turned away, but in these cases it is the relief of crowding, not the frequency itself, which yields
that result; the same outcome could be achieved, for example, by higher capacity vehicles. This
confounding factor is a key reason why we avoided the peak period in this research.

Some more recent studies, however, have undertaken more fine-grained analysis that segments
the patronage response according to a variety of relevant parameters (see for example Preston
and James (2000) and Hensher (2008)). Key parameters considered in these studies include the
time of travel (peak versus off-peak), the nature of the route (suburban versus centre), or the
ticket type (adult versus all). By segmenting the market in this way, these studies are able to
describe the patronage response in a way that provides insight into which routes might be most
suited to frequency changes. Preston and James (2000), for example, report larger elasticities in
off-peak periods, particularly for suburban services for adult patrons. Increased demand in off-
peak periods and in suburban areas may be a reflection of the low frequencies that operate in

* Span is defined as the proportion of time during the day in which services operate. For example, an increase in span
would see services start earlier in the morning and/or continue later in the evening. While this may be technically
considered to be an increase in service frequency (in that frequency is increased from O services per hour), this
represents a step-change in service, rather than an incremental adjustment. Elasticities, by definition, consider relatively
small, linear changes; as such they are unlikely to accurately describe the patronage response to increased span.
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many areas during these periods. Alternatively, larger elasticities for adult patrons may reflect
their higher value on the time savings and the greater flexibility they associate with higher service
frequencies.

Single studies included in our review are summarised in Appendix A. Our review considered 51
elasticity estimates sourced from specific studies only (that is results from meta-analyses and
revealed preference estimates were excluded at this point), which has a mean of +0.55 and
standard deviation of +0.29. Interpreting the results of these studies is difficult due to the
differences in underlying methodology. These issues are articulated in more detail in Hensher
(2008), which develops a meta-model to explain variation between specific elasticity estimates.
This research is discussed in more detail below, but it is worth highlighting the following
systematic issues, which are particularly relevant to our research:

Model specification: The method used to calculate elasticities, such as month-on-
month, spot-elasticities, and techniques used to control for external effects; and

Timing lag: The difference between the timing of the frequency change and the
measurement of the patronage impacts.

The second issue has received surprisingly little discussion in the literature and, we suggest, is
crucial to developing a better understanding of how the patronage response to service frequency
changes over time. Such insight could inform forecasts of the patronage response associated
with a particular service change and thereby assist transit agencies evaluate its success.

Of the studies we reviewed, three were particularly pertinent to this research and are discussed in
more detail in the following sections. For a more detailed local review of international literature on
the impacts of bus service levels on patronage, we recommend readers consult the Review of
passenger transport demand elasticities (Wallis, 2004).

Mackett et al. (2004) — The demand for public transport: A practical guide

Mackett et al. (2004) summarises material on range of factors that affect demand for public
transit, particularly in the U.K. The section titled “Effects of service intervals” is particularly
relevant to this research. It presents results for a range of studies into the impacts of bus service
on patronage. Most of these studies use bus-kilometres as the independent variable. The table
below summarises the elasticities reported in Mackett et al. (2004).

- Range Number of
Run Elasticity Cow High Measurements
Short 0.38 0.10 0.74 | 0.135 27
Long 0.66 0.22 1.04 | 0.275 23

Mackett et al. (2004) also summarises the results of an interesting study by Preston (1998), which
segregated elasticities (on the basis of bus-kilometres) by time of day, as tabulated below.
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Description Elasticity
Early morning / peak 0.38
s Inter-peak 0.17
% Evening 0.35
) Saturday 0.52
Sunday 1.05
Early morning / peak 0.58
= Inter-peak 0.3
éw Evening 1.95
3 Saturday 0.67
Sunday 1.61
All periods 0.13

Demand in the evening and on Sunday evening was especially sensitive to service, while inter-
peak demand was insensitive.

A subsequent study by Preston and James (2000) considered bus data from 23 towns in the U.K.
and calculated elasticities in response to average wait time. Although wait-time is similar to
service frequency, and thus a reasonable proxy for our purposes, the nature of this relationship
means that the sign of the elasticities comes out negative — that is, a reduction in wait-time (i.e.
an increase in service frequency) generally causes an increase in patronage. This means that
the negative sign of the elasticity is, in this case, equivalent to a positive relationship to frequency.
One of the more interesting aspects of the study by Preston and James is that it breaks out
results by ticket type (adult or all), nature of destination (town centre or other), and time period
(peak or off-peak). The study reported an overall elasticity of -0.64, ranging from as low as -0.39
for adult passengers travelling to “Other” (i.e. non town-centre) locations in the peak period, to as
high as -1.17 for adults travelling to “Other” locations in the off-peak period. Elasticity estimates
from Preston and James (2000) are summarised in the table below.

Ticket Destination Time period Elasticity
All All -0.74
Peak -0.65
Town centre
Adult Off-peak -0.85
Peak -0.39
Other
Off-peak -1.17
Peak -0.64
Town centre
Off-peak -0.64
All Peak -0.50
Other
Off-peak -1.05
All All -0.64

These results indicate “Adults” are generally more sensitive to changes in wait time, or service
frequency, than the average passenger, particularly in off-peak periods. This may reflect that
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adults place a higher value on the value the time saving and greater flexibility associated with
increased service frequencies.

Translating European results to Australia is difficult due to differences in socio-economic
circumstances and urban form. For example, the high vehicle ownership rates and low-density
settlement patterns which characterise Australian urban areas are likely to complicate the
potential effects of service improvements. Notwithstanding these difficulties, the findings reported
in Mackett et al. (2004) provides useful guidance on some factors that are likely to affect the
patronage response.

TCRP (2004) — Transit Scheduling and Frequency

TCRP (2004) summarises and distils the results of a broad range of studies that investigate the
impact of transit scheduling and frequency on patronage, predominantly based on U.S. data. The
report notes the wide range of elasticities reported in the literature; positing that relationships
between frequency and patronage on any particular route are usually too complex and context
dependent to be accurately represented using simple aggregate statistics. Interestingly, the
report observes that elasticity estimates tend to be “grouped” around +0.30 and +1.00, although
does not discuss why these particular groupings might exist. We contend the lower end of the
elasticity range might represent cases where frequency changes have predominantly induced
additional patronage from existing passengers. In contrast, the high end of the elasticity range
might represent situations where frequency changes have not only induced additional demand
from existing passengers, but also met latent demand for service from new passengers.

The report goes on to note some of the confounding factors that affect the impact of service
frequency changes, namely: pre-existing service levels; geographic and demographic context;
and the time period or day-of-week. Mention of pre-existing service levels suggests the real
change in frequency (as defined by the real change in the before and after frequency) affects the
relative size of the demand response. This is an important distinction because elasticities, by
definition, are based on the percentage, or relative, change in frequency. It is worth considering
an example to understand why real changes in service levels might also be relevant to the
patronage response.

Consider two situations, one where the frequency increases from 4 to 6 buses per hour and
another where the frequency increases from 6 to 9 buses per hour; in both situations the relative
frequency increase is 50%. However, moving from 4 to 6 buses per hour reduces the average
headway from 15 to 10 minutes, while moving from 6 to 9 buses per hour reduces the average
headway from 10 minutes to 6.7 minutes. Therefore, the average time saved per passenger
(assuming random arrivals) reduces from 5 minutes for the first case to 3.3 minutes for the
second case. This difference in relative time-saving might shed light on the differences in
patronage response to frequency changes. We note that it might be possible to model the
interaction between relative and real change in service frequency, although are not aware of any
existing studies that have implemented models to capture these effects.
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TCRP (2004) discusses a number of individual studies undertaken in the 1960s and 70s as
summarised in the table below. All elasticities are reported for changes in headway, which is
negatively related to demand. In other words, a reduction in headway (which would be
associated with an increase in frequency) causes an increase in demand and again produces
negative elasticities.

Route / Service territory Elasticity i mwgl)grg:]es n?;tﬁcz n
Boston-Milford suburban route (new headway 04 10-12
approx. hourly) ’
Uxbridge-Worcester suburban route (new headway 02 7.9
hourly) ’
Adams-Williamstown city route (new headway 06 1-3
approx. hourly) ’

Pittsfield city route (raised from 3 to 8 round trips 07 1-3
daily) ’

Pittsfield city route (raised from 10 to 15 round trips 06 1-3
daily) ’
Newburyport-Amesbury (depressed area) city route 04 6-8
(new headway 30 min. peak/60 min. midday) ’

Fall River (depressed area) city service (overall 20 nil 46
percent service increase)

Fitchburg-Leominster city route (new afternoon 03 6-8
headway 10 min. to match morning) ’

Boston downtown distributor, Phase 1 (new midday 08 5.7
headway 5 min to match peak) ’

Boston downtown distributor, Phase 2 (new headway 06 8-10
4 min. base, 8 min. midday) ’

Boston rapid transit feeder route (new midday 01 46
headway 5 min., to match peak) ’

Detroit city route (new headway 2 min. peak, 3.5 min. 02 )
midday) ’

Chesapeake, VA, suburban service (new headway 08 }
3510 42 min.) ’

Stevenage, England (peak period/off-peak; new 0.4/-0.3 )
headway 5 min.) ' '

Madison, WI, circulator routes (Saturday/Sunday; 0.2/-0.6 )
new headway 20/30 minutes) ' '

A subsequent study used the results reported above to stratify the data by original service level,
as illustrated in the table below.

Original service level Number of Elasticit
(headway) observations Y

<10 min 7 -0.22 0.10
Between 10 to 50 min 6 -0.46 0.18
Greater than 50 min 10 -0.58 0.19
All observations 23 -0.44 0.22

TCRP (2004) also considered more recent studies from 1980s onwards, as illustrated below:
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Transit system or route Year Change Measure Elasticity
Vancouver, WA to Portland, OR | 1980 Mixed, e.g., 19-23 to 10-15; Peak buses +0.33
AM peak

Charlottesville [VA] Transit . From 60 to 30 in peak . .
System 1980-81 periods Vehicle miles +0.33
Mt. Pleasant bus route, Toronto, | Sept.- Nov. | From 10 to 15 in peak Headwa: -0.47 peak
ON 1987 periods and 15 to 30 evening y -0.29 off-peak
Las“" to central Stavanger, early 1990s | From 30 to 15 Headway -0.26

orway
Santa Clarita [CA] Transit (local 1992/93 - Primarily 60 to 30 with Bus-hours +1.14
fixed route system) 1997/98 service hours enhancements )
Foothill Transit, L.A., CA Various, plus new weekend
(system) 1993-96 service Bus-hours +1.03
Community Transit (Snohomish 1994-96 an_anly 60 to 30 plus new Bus-hours Over +1.0
County system, WA) services as well
Santa Monica, CA Big Blue Bus . Various, plus some new )
system 1996-98 service Bus-hours +0.82
Lincoln Blvd. route Santa March - 20t0 10 (40 to 10 onlink to Bus-hours +0.97
Monica, CA Sept. 1998 LAX) )

Most of the more recent studies reported relatively high elasticities, supporting the suggestion
that elasticities have increased over time. Interestingly the only study to disaggregate elasticities
by time of day, namely the Mt. Pleasant bus route in Toronto, found higher elasticities in the peak
period. While this is somewhat contradictory to the findings of Preston and James (2000), the
latter study made an additional distinction between adult and non-adult passengers, which may
explain this discrepancy. That is. The Mt. Pleasant result may be partly attributable to relatively
low numbers of adults travelling in off-peak periods, potentially confounding these two effects.

Hensher (2008) — Assessing Systematic Sources of Variation in Public Transport
Elasticities: Some Comparative Warnings

Hensher (2008) developed a meta-model to explain some of the systematic variation in the
reported elasticities of demand with respect to public transit fare and service levels. This is useful
for understanding variations between specific studies, which is important for understanding hot
elasticities might be translated to a specific Australian context. The following findings from
Hensher’s study are particularly relevant to our research:

Older studies report, on average, lower elasticities than recent studies. More

specifically, the mean elasticity of -0.408 reduces 0.00646 every year prior to 2004;°

Elasticities from cross-sectional studies are smaller than those calculated from time-
series and before-and-after studies; and

® The paper provides no discussion on what factors may have contributed to this finding. We suggest two reasons might
explain the trend towards increasing elasticities: firstly, older studies are likely to have taken place in an era of overall
declining patronage, such that the positive long-terms impacts of the frequency change could have been masked behind
these other confounding factors. Secondly, the sensitivity of the marginal patrons (which are defined as people not
currently travelling by bus but who are most likely to switch in response to some improvement) to service quality may have
increased over time, possibly due to higher value of time and/or increased vehicle ownership.
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Main influences on variation between studies include: data paradigm, market
segmentation (fares, time-of-day), dependent variable, country and mode.®

Hensher (2008) presented results for elasticities in response to headway changes, as illustrated
in the table below. Elasticities are negative for the same reasons discussed previously.

Commuting Non-commuting
Sub-samples
Mean Samples Mean Samples
Overall -0.336 0.245 5 -0.271 0.167 15
Single cross-section -0.0089 0.018 2 N/A N/A N/A
Peak -0.186 0.169 3 -0.174 0.111 5

The largest elasticity is associated with patrons travelling for commuting purposes. Elasticities for
the “peak” sub-sample are smaller than those from studies that did not consider time of day
impacts. No distinction is drawn between different types of off-peak travel, for example inter-
peak, evenings, or weekends, and for this reason the results are not directly comparable to those
developed in our research. However, these results provide additional support to the suggestion
that the patronage response to bus frequency improvements may be larger in off-peak periods.

Primary research: The contemporary Australian experience

The main goal of this research was to develop elasticity estimates in an Australian context,
drawing on not only prior experience from local and international literature but also primary
research into the contemporary Australian experience of the relationship between patronage and
service frequency. To this end, we approached transit agencies operating in major metropolitan
areas throughout Australia and New Zealand to source patronage data on services that had
experienced recent changes in frequency, particularly in inter-peak periods. Data were sourced
from transit agencies in Sydney, Melbourne, Brisbane, and Adelaide for a total of 20 independent
changes in service frequency. Only one of these changes involved a reduction in service, while
two of the changes involved frequencies being increased on the same route at different times.

As discussed in the previous section, existing literature tends to characterise the patronage
response in terms of short and long run elasticities, which is consistent with standard economic
practice. Unfortunately, however, precise definitions of what constitutes short and long run is
often not reported in literature on this topic and often varies between studies. A key contribution
of this research is the insight it provides into continuous patronage trends, by providing elasticity
profiles for each month following the frequency change, as illustrated below.

® The systematic differences between the studies considered in the meta-analyses explained approximately 32% of the
variation in the elasticities included in this study.
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All frequency changes were implemented post 2004 and as such are considered indicative of
contemporary experience more so than the results reported in the literature. As only one data
point involved a reduction in service frequency, which meant that no firm conclusions can be
drawn on potential differences (asymmetry) in the patronage response to increases or reductions
in frequency. Two routes underwent multiple service changes, namely: Adelaide 122-125a and
122-125b; and Adelaide 142a and 142b. In both instances the second frequency increase
solicited a patronage response that was 50-70% lower than the response associated with the first
frequency increase. Control routes or data were used as an indicator of external trends for all
routes considered in the analysis, aside from Sydney which experience overall flat trends in bus
patronage in the time when the frequency changes were implemented.

Two methods were used to generate the elasticity profiles shown in the graph above: month-on-
month and time-series. Month-on-month calculations were used in the first 12 months following a
frequency change, by comparing total patronage in the same months before and after the
change. Time-series elasticities were used from 12 months onwards, where a 12 month rolling
average was used to smooth out the impact of seasonal effects, such as school holidays.

Elasticity calculations for the routes were calculated as follows:

“Before” and “After” patronage totals were calculated either month-on-month totals
(for months 1-11) or annual totals (for months 12-35);

The “after” patronage for the route of interest and the control route were indexed to
their “before” patronage.
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The relative difference between the indexed growth for the route of interest and the
control route was calculated; and

Finally, the elasticity was calculated by dividing the net relative increase in patronage
by the percentage change in frequency.

An example of the data and calculations is contained in Appendix B.

The graph below illustrates the mean, or average, elasticity profile along with the associated 95%
confidence intervals for each month. This is useful for understanding what might constitute a
“typical” patronage response to a frequency change.
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Months after frequency change

This profile highlights two distinct periods following a frequency change: the first four months
exhibit relatively rapid patronage growth; after which the growth rate slows considerably. The
mean patronage response continues growing, albeit more slowly, up to 35 months after the
frequency change. This indicates that frequency changes have large immediate effects that
diminish, but persist, over time. The mean profile suggests that elasticities of about +0.362
(x0.122) might be expected in the first year following a frequency change, growing to around
+0.505 (£0.175) after 35 months. Results are not normally distributed, as would be expected
given that results are essentially bounded above zero: It is extremely unlikely that an increase in
frequency would contribute to a reduction in patronage.

It is important to consider how indicative these results are, particularly given the range in the
magnitude of the patronage responses that it demonstrates. Two routes exhibited particularly
large elasticities, namely the Adelaide 541 and Brisbane 345.” Despite being unusually large,

" Brisbane 345 is anchored by the city centre and Aspley Hypermarket at the southern and northern ends respectively,
with buses running along a direct 14km route through predominantly low density residential suburbs. Adelaide 541 is
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these results are not out-of-line with international experience and thus retained in the data set.
Similarly, the multiple service changes on routes Adelaide 122-125a/122-125b and Adelaide
142a/142b produced unusually low elasticities for the later change; these were also retained in
the data set. Finally, routes that did not extend for the full 35 months were continued at their final
level to provide a consistent sample size. This is likely to underestimate the patronage response
for these changes. Ultimately, all things considered, we suggest that this distribution provides
indicative results from which to draw statistical inferences.

The influence of existing service levels on the patronage response was discussed in several
previous studies. To investigate this effect, we analysed the relationship between elasticity and
actual frequency change, as illustrated in the graph below.
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The green data points illustrate elasticities after 12 months for the routes analysed in this
research. The pink line indicates the headway segregated elasticities identified in TCRP (2004).
There appears to be some agreement between the elasticities reported in our research and the
elasticities identified in international literature in relation to the real change in frequency. Further
research might seek to shed more light on this question by modelling the combined interaction
between relative and real changes in frequency. Such research would ideally seek to address
not only the small sample size, particularly in the negative quadrant where we have only a single,
influential data point.

anchored by the city at the southern end and low density suburbs in the north-east, with buses running for approximately
19km - of which 6km is on-road and 13km via the grade-separated O-Bahn. The maps for these routes are illustrated in
Appendix C.
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On the basis of this research we suggest that the patronage response to changes in service
frequency may be characterised as follows:

Magnitude: The patronage response is, on average, expected to be +0.362 (+0.122)
after 12 months, rising to +0.505 (£0.175) after 35 months. Results are positively
skewed, with some routes exhibiting elasticities in excess of +1.00.

Persistence: The patronage response to frequency changes are surprisingly
persistent — many of the routes analysed in this research exhibited ongoing growth,
albeit at much reduced rates, up to 35 months after the frequency change.

Context: The patronage response is highly context dependent. Factors that appear
to impact the patronage response to frequency changes include real change in
frequency, route parameters (suburban or downtown), and advertising/branding.

Our findings suggest that improvements in inter-peak bus frequency may present a cost-effective
option for increasing public transit patronage in Australian cities. The implications of our findings
for public transit policy are considered in more detail in the following section.

Policy implications: What does this mean for transit agencies?

Previous sections have effectively sought to quantify the relationship between bus frequency and
patronage. The following discussion will attempt to distil these findings and identify potential
policy implications and areas of future research. It is important to note that elasticities cannot be
considered in isolation and must instead be placed within a more comprehensive quantitative
framework that considers the overall costs and benefits of potential service changes.

For this reason we have developed a simple quantitative framework to assess the effectiveness
of inter-peak frequency changes. This framework combines elasticities of demand, as discussed
in the previous sections, with the real patronage base, and the marginal costs and revenues
associated with the proposed frequency change. Such a framework is, we suggest, able to
inform policy positions in respect to the overall effectiveness of potential service improvements.
This should allow transit agencies to allocate their limited financial resources in a more optimal
way. Put simply, the effectiveness (E) of a potential service improvement is considered to be a
function of:

The relative patronage response (elasticity) associated with the service improvement,
which is measured in percentage terms and denoted by G(t)%;;

The real patronage base affected by the improvement, which is measured in terms of
overall passengers and denoted by the letter P. ;

® The patronage response G is presented as a function of time t because it changes over time. This distinction is
particularly where effectiveness incorporates discounts future costs and benefits.
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The marginal cost of the service change, which is measured in dollars and is denoted
by the letter C. In our case this is the cost of increasing inter-peak frequency; and

The marginal revenue of the service change, which is measured in dollars per
passenger and denoted by the letter R.

Using these variables, we are able to formulate the following equation to assess the effectiveness
of various service upgrades over a certain time horizon, T:

()= - () [$]

This formula can be used to calculate a rolling “Effectiveness”, as illustrated below.
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Month after frequency change

This example assumes the transit agency has identified a route suitable for upgrading which is
expected to generate additional patronage 10% higher than the mean elasticity profile presented
in this research. This bus route currently has a daily inter-peak patronage P = 200 for 6 buses
running at a frequency of one per hour. Doubling the frequency would require 6 additional buses
at an estimated marginal monthly cost of approximately $6,000 and generate marginal average
revenue of $2.85 per passenger. All things considered, this frequency change is generating a
positive cash-flow of approximately $1,400 per month 35 months after the frequency change. Itis
important to note that this cash-flow is essentially “locked-in", assuming other factors remain
equal. This example is illustrative only and actual figures may vary.

It is important to note that this analysis of marginal cost and marginal revenue need not presume
that the only goal is profitability. While private transit operators who retain fare revenue must
think in these terms, public agencies responsible for service will have other benchmarks of
success, and may wish to modify the analysis to reflect these benchmarks.
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Examining the effectiveness of service improvements in this way is illustrative for our research for
two primary reasons. Our literature review suggested that frequency changes were likely to
attract a higher proportion of adult patrons and commuters, who are in turn likely to pay higher
than average fares. Secondly, this research has focussed on the inter-peak period because
increasing frequencies in these periods is expected to incur lower marginal costs than during
peak periods, due to increased availability of buses. Inter-peak periods are also characterised by
faster travel conditions, meaning that fewer buses can be used to achieve the same effective
frequency. Inter-peak frequency improvements also present opportunities for more balanced staff
scheduling between the AM and PM peak periods. Transit agencies must always be wary of the
possibility that by increasing services for the peak, they may actually encourage travel to occur on
the peak that could just as well happen during the middle of the day.

We suggest that the following five factors are likely to influence the passenger response to an
increase in inter-peak frequency, namely: real change in frequency; proportion of commuters and
adults; service branding; and external trends. These factors are described in more detail in the
table below, and may be useful in forecasting the potential patronage response for a specific
change in service frequency.

Relevant factors Notes

International evidence suggests that large real changes in frequency (i.e. reductions in
headway) bring about larger passenger response. This possibly indicates diminishing
marginal utility associated with increased service frequencies above a certain point.

Real change in
frequency

Commuters appear to be more sensitive than non-commuters, and working-age adults are
more sensitive than teenagers and pensioners. This possibly reflects a higher value of time
placed on travel to/from work and/or for work purposes. In an Australian context the value of
time may also suggest that routes connecting to central city may experience a greater
response.

Proportion of commuters
& adults

Service branding appears to have been a factor in the success of overseas examples. It
Service branding and/or | might also explain the success of changes in Brisbane and Adelaide. We suggest service
advertising branding is crucial to amplifying the patronage response to what are otherwise imperceptible
frequency improvements.

External trends towards higher fuel prices and vehicle ownership may reinforce the value of
External trends high frequency transit services — particularly when operating over long distances. In these
contexts more frequent services appear better able to compete with private vehicle travel.

Ultimately, the findings of this research suggest that increased inter-peak service frequencies
may, in the right context, present a highly effective way of delivering improved public transit
service. Interms of direct policy implications, we recommend that, as a first step, transit agencies
should collect local data on the relative costs and benefits of inter-peak frequency upgrades and
identify routes where patrons are likely to be sensitive to increased inter-peak frequency. This
may then allow the effectiveness of these improvements to be trialled in comparison to other
potential measures.

Opportunities for further research

This research has attempted to crystallize complex, inter-related factors related to the patronage
response to bus frequency improvements. Further research in a number of areas may clarify
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some of the complexities associated with this field, which are discussed in more detail in the
following paragraphs.

We note that some routes in Brisbane and Adelaide exhibited large patronage response to
service improvements. We tentatively suggest that the success of the frequency improvements in
these cities may reflect the strong branding/advertising associated with their bus services.
Brisbane’s “Bus Upgrade Zone” (BUZ) and Adelaide’s “Go-Zone” are brands that isolate and
promote high-frequency services, thus making it easier to notice where the frequency is available.
By contrast, many transit agencies simply publish maps showing all routes looking equally
important, thereby effectively concealing their frequent corridors.

We would intuitively expect that awareness of a frequency improvement is a major influence on
the subsequent patronage response. This reflects not only the importance of information in
making decisions, but also the uniqueness of frequency improvements in relation to other
potential improvements. For example, improved service associated with ticketing improvements
and higher quality buses is likely to be directly perceived by both existing (and to a lesser extent
potential) patrons. Higher quality buses, in particular, are relatively visible to marginal
passengers who are not currently using transit. In contrast, patrons seem unlikely to perceive
and subsequently make use of a frequency improvement of their own accord. We suggest it is
only through being made aware of new services that increased patronage is likely to result. Put
simply, unless patrons are exposed to a new time-table they are unlikely to make use of a new
service. Potential passengers are considered even less likely to take up improved transit service
unless they are informed of the frequency change in a way that they can quantify. For these
reasons we suggest the legible and visible branding in Adelaide and Brishane may have amplified
the effects of frequency improvements in these cities. Further research may seek to identify the
existence and magnitude of this effect.

In terms of general trends, the tendency for larger elasticities to be reported in more recent
studies is of particular interest. This trend may be partly explained by the fact that the majority of
transit agencies underwent substantial and sustained service cuts in response to declining
patronage throughout the 1980s and 1990s. In this climate it is likely that patrons would become
increasingly sensitive to the overall quality of the public transit service, of which frequency is a
component. It may alternatively indicate an increasing value of time on the part of marginal
passengers, and/or shifts in social preferences in response to the greater flexibility associated
with private vehicle travel. This suggests that patronage response to service factors is not only
context dependent, but also sensitive to broader socio-economic shifts. Further research could
seek to understand these trends and their implications for strategic planning. Meanwhile,
policymakers who believe that recent trends toward higher transit use are likely to continue would
be justified in believing that elasticities of frequency will continue to rise, improving the business
case for each frequency increase.

Another interesting policy implication that emerged during the course of this study relates to the
impact of exogenous factors, and in particular fuel prices, on high frequency, high quality, bus
routes. In particular, in our analysis of Melbourne data we noted that higher frequency routes
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tended to experience higher growth than other routes. These routes were typically more direct
and faster than normal bus routes, and thus associated with longer average travel distances. We
suggest that these routes may be more attractive to patrons who would otherwise travel by
private vehicle, and therefore are more subject to increasing fuel prices. Put simply, exogenous
factors may exert different effects on different routes.

Finally, this research has highlighted some implications for policy in regard to the time allowed for
evaluating the success, or otherwise, or frequency changes. Much of our data exhibited ongoing
patronage growth well after the first 12 months, albeit at a reduced rate. This may or may not be
replicated for other types of service improvements. To this end, we suggest that further research
be undertaken to identify how the patronage response to other potential service improvements
changes over time. Such research would allow transit agencies to make more informed
comparisons between the overall costs and benefits associated with potential service changes.

Concluding comments

This research has considered how patronage reacts to service frequency. Our analysis of inter-
peak data from several Australian cities indicates that patronage indeed responds to bus
frequency changes and that this response increases over time. Our best estimate is that the
patronage response to service frequency in Australian cities is +0.362 (£0.122) after 12 months,
rising to +0.505 (+0.175) after 35 months. This implies that 70% of the total patronage response
will be realised within the first year following a service change.

We suggest that the patronage response to improvements in service frequency is likely to be
greater for those routes that:

experience a large real change in frequency,

carry a higher proportion of commuters and/or working-age adults;
are associated with service branding and/or advertising; and

are sensitive to higher fuel prices.

The magnitude of the patronage response, the tendency to attract higher proportions of adults
and commuters, and the low marginal costs suggests inter-peak frequency improvements may be
a cost-effective strategy for increasing public transit patronage in an Australian context.

Further local research is required into the assessment of public transit service elasticities and, in
particular, what factors might better explain the variation in these results. Additional research is
also warranted into how these elasticities can inform the evaluation of public transit
improvements. Such research is expected to provide useful insight into how agencies can deliver
more effective public transit that better aligns with customer preferences.
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Auth v Ti Elasticity Market segmentation
uthor ear itle
Mean | Short | Long Time Destination Ticket
Preston 2000 égf‘\h’csfs of Demand for BUS | 11790 | 11706 | 1179% | Off-peak | Suburban | Adult
Preston 2000 ég?\'/fe'i"f Demand for BUs | 500 | 10506 | 105% | Off-peak | Suburban Al
The effect of frequency
Cheung 1985 ggfvr:ggss (')’:] Li%'rgﬂz'geb“iﬁ 85% | 80% | 90% Al Al Al
The Netherlands
Preston 2000 égf‘\'/fe'i"f Demandfor Bus | geo, | gs06 | 85% | Off-peak Centre Adult
Massachusetts
MTC 1964 ?;’L‘;’Sggg{:gﬂs - Mass | ogng | 80% | 80% All Centre Al
Commissioner
A review of reports relating
to the effects of fare and
Holland 1974 | service changes in 80% 80% 80% All Suburban All
metropolitan public
transportation systems
Preston 2000 22?\2’58'55 of Demand for BUS | 7400 | 7206 | 74% All All Adult
Massachusetts
MTC 1964 ?;’L’;’Sg:{;t;gﬂs - o Mass | g006 | 70m | 70% All Centre Al
Commissioner
Preston 2000 ég?\'/fe'i"f Demand for BUS | geo0 | 6506 | 65% | Peak Centre Adult
Preston 2000 égf\i}’cséss of Demand for BUS | g100 | gane | 64% All All All
Preston 2000 égf‘\yse'ss of Demand for BUS | 00 | 6496 | 64% | Peak Centre Al
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Analysis of Demand for Bus
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Preston 2000 Services 64% 64% 64% Off-peak Centre All
Massachusetts

MTC 1964 ?;’L‘;’gg;{::;g;‘s - Mass | en0e | 60% | 60% Al Centre Al
Commissioner
Massachusetts

MTC 1964 ?;’L’;’Sg:{;t;ggs - Mass | ogn0s | 0% | 60% Al Centre Al
Commissioner
Massachusetts

MTC 1964 ?;’L‘;’Sg;{:t‘:gﬂs - Mass | ogn0e | 60% | 60% Al centre Al
Commissioner

Lago 1981 | Ridership - response 10 | ggor | 3994 | 7794 Al Al Al
Changes in transit services

Lago 19g1 | Ridership - response 10 | 510, | 3805 | gage Al Al Al
changes In transit services

Preston 2000 22?\2’;'355 of Demandfor Bus | ga0. | 5005 | 500 Peak Suburban All
Panel survey approach to

Miller 1989 | measuring transit route A47% 47% A47% Peak Centre All
service elasticity of demand
Massachusetts

MTC 1964 ?;’L‘;’Sg;{:t‘:gﬂs - o Mass |00 | 40% | 40% Al Suburban Al
Commissioner
Massachusetts

MTC 1964 ?;’L’;’Sg:{;t;ggs - Mass | an0 | a0% | 40% Al Centre Al
Commissioner

Lago 19g1 | Ridership - response 10 | jn00 | o006 | g0 Al Al Al
changes In transit services

Preston 2000 | Analysis of Demandfor Bus | 550, | 3905 | 3906 Peak All Adult

Services
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Lago 1981 . " . 35% 30% 40% All All All
changes in transit services

Public . . . . 0 0 0

Technologies 1980 | Tri-Met Line 5 Ridership 33% 33% 33% All Centre All
Massachusetts

MTC 1964 ?;’L’;’Sg:{;t;ggs - Mass g0 | 30% | 30% Al Centre Al
Commissioner
Panel survey approach to

Miller 1989 | measuring transit route 29% 29% 29% Off-peak Centre All
service elasticity of demand

Lunden 1993 | Shorter waits for the bus 26% 26% 26% All All All
Improving  bus  service

Wall 2007 | quality and information in 25% 25% 25% All Centre All
Winchester

Lago 1981 | Ridership - response 10 | 5500 | 1004 | 3005 Al Al Al
changes in transit services
Massachusetts

MTC 1964 ?;’L’;’g‘g:{gﬂggs - Mass o006 | 20% | 20% Al Suburban Al
Commissioner
A review of reports relating
to the effects of fare and

Holland 1974 | service changes in 20% 20% 20% All Centre All
metropolitan public
transportation systems
The effect of frequency

Cheung 19g5 | changes in regional bus | 00, | o0 | 2095 Al Al Al
services on patronage in
The Netherlands
Massachusetts

MTC 1964 ?;?ggggg::g;‘s - Mass 006 | 10% | 10% Al Suburban Al
Commissioner
Massachusetts

MTC 1964 ?;’L‘;’Sggg{:g;‘s - Mass | g 0% | 0% Al Centre Al

Commissioner
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Appendix B. Example of patronage data
Month Monthly Baselined Indexed Elasticity

345 346 353 345 Control | 345 | Control
2005-Feb 8618 | 2876 | 4616 8618 7492
2005-Mar 11976 | 3097 | 5338 20594 15927
2005-Apr 11157 | 2887 | 5189 31751 24003
2005-May 11763 | 2927 | 4926 43514 31856
2005-Jun 11149 | 2804 | 5322 54663 39982
2005-Jul 10282 | 2912 | 4862 64945 47756
2005-Aug 12554 | 3185 | 5496 77499 56437
2005-Sep 11445 | 3290 | 5333 88944 65060
2005-Oct 10325 | 2893 | 4733 99269 72686
2005-Nov 10304 | 3061 | 5067 | 109573 80814
2005-Dec 9782 | 2797 | 5305 | 119355 88916
2006-Jan 9175 | 2682 | 4498 | 128530 96096 1.00 1.00 0%
2006-Mar 18108 | 3272 | 5434 28507 16119 1.38 1.01 37% 2
2006-Apr 14417 | 2257 | 4444 42924 22820 1.35 0.95 42% :}j
2006-May 19359 | 2841 | 5201 62283 30862 1.43 0.97 48% g
2006-Jun 16012 | 3094 | 5449 78295 39405 1.43 0.99 45% g
2006-Jul 15656 | 2943 | 5027 93951 47375 1.45 0.99 46% E
2006-Aug 19234 | 3307 | 5841 | 113185 56523 1.46 1.00 46% E
2006-Sep 16850 | 2985 | 4947 | 130035 64455 1.46 0.99 48% 59
2006-Oct 17883 | 3094 | 5214 | 147918 72763 1.49 1.00 49% g
2006-Nov 16205 | 3070 | 5244 | 164123 81077 1.50 1.00 49% 2
2006-Dec 14650 | 2917 | 5225 | 178773 89219 1.50 1.00 49%
2007-Jan 15288 | 2609 | 5159 | 194061 96987 1.51 1.01 50%
2007-Feb 15761 | 3051 | 4757 | 199423 97382 1.55 1.01 53%
2007-Mar 22220 | 3398 | 5293 | 203535 97367 1.58 1.01 56%
2007-Apr 19580 | 3001 | 4852 | 208698 98519 1.62 1.03 58%
2007-May 22841 | 3154 | 5623 | 212180 99254 1.65 1.03 60%
2007-Jun 19190 | 2970 | 4930 | 215358 98611 1.68 1.03 63%
2007-Jul 20181 | 3032 | 5572 | 219883 99245 1.71 1.03 66%
2007-Aug 22396 | 3413 | 5390 | 223045 98900 1.74 1.03 69%
2007-Sep 17166 | 3110 | 4527 | 223361 98605 1.74 1.03 69% 4
2007-Oct 18673 | 2487 | 4490 | 224151 97274 1.74 1.01 72% E
2007-Nov 18649 | 2928 | 4745 | 226595 96633 1.76 1.01 75% g
2007-Dec 16381 | 2535 | 4233 | 228326 95259 1.78 0.99 79% 2
2008-Jan 16945 | 2597 | 4233 | 229983 94321 1.79 0.98 82% g
2008-Feb 18433 | 2666 | 4456 | 232655 93635 1.81 0.97 86% E
2008-Mar 20246 | 2404 | 4102 | 230681 91450 1.79 0.95 89% ;
2008-Apr 22684 | 2606 | 4266 | 233785 90469 1.82 0.94 93% %
2008-May 21878 | 2614 | 4336 | 232822 88642 1.81 0.92 96% o
2008-Jun 21986 | 2445 | 4390 | 235618 87577 1.83 0.91 101%
2008-Jul 25650 | 2951 | 5215 | 241087 87139 1.88 0.91 107%
2008-Aug 25423 | 2873 | 4538 | 244114 85747 1.90 0.89 113%
2008-Sep 25823 | 2685 | 4979 | 252771 85774 1.97 0.89 120%
2008-Oct 27421 | 2868 | 4931 | 261519 86596 2.03 0.90 126%
2008-Nov 22676 | 2390 | 4407 | 265546 85720 2.07 0.89 132%
2008-Dec 25361 | 2574 | 5432 | 274526 86958 2.14 0.90 136%
2009-Jan 23867 | 2467 | 4809 | 281448 87404 2.19 0.91 141%
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Appendix C. Routes maps for highly sensitive routes

Brisbane 345
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Adelaide 541
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