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Abstract In 2009, the New South Wales government announced that it would be
proceeding with a feasibility study to identify the patronage potential of a new Metro
rail system for Sydney. As part of this study, a new modal choice study was under-
taken to establish the role of traditional attributes such as travel times and costs (and
more recently, reliability) but also somewhat neglected influences such as crowding,
where the later has a critical role in the calculation of capacity needs at railway sta-
tions. This paper focuses on the commuter segment and develops a new stated choice
experiment in which travellers are able to compare the proposed new Metro with ex-
isting available modal alternatives for access, linehaul and egress trip stages, with a
particular emphasis on the incorporation of crowding represented by the availability
of a seat vs. standing in existing and new public transport modes. We present the error
component choice model together with estimates of mode-specific willingness to pay
for travel time components, service frequency and crowding, that latter expressed in
terms of the probability of getting a seat and the probability of avoiding standing.
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1 Introduction

In 2009, the New South Wales government announced that it would be proceeding
with a feasibility study to identify the patronage potential of a new Metro rail sys-
tem for Sydney. As part of this study, a new modal choice study was undertaken to
establish the role of traditional attributes such as travel times and costs, but also the
somewhat neglected influences such as crowding, where the latter has a critical role
in the calculation of capacity needs at railway stations.

The research involved definition of the modal context in which the Metro is an al-
ternative means of transport, design of a new survey instrument, estimation of choice
models to identify the role of candidate influences on modal choice (defined by ac-
cess, main and egress components of modal alternatives for a given trip), and to es-
tablish willingness to pay (WTP) outputs.

This paper presents the approach developed in the context of commuter travel un-
dertaken in 2009 (although non-commuting and employer-business trips were also
studied). We set out in some detail all elements of the process beginning with prob-
lem definition, phased design of the survey instrument, identifying the geographical
catchment area for sampling, piloting the instrument, reviewing the pilot outputs, and
determining revisions to a Computer Aided Personal Interview (CAPI). As part of
model estimation, we selected an error components choice modelling method. The
results from model estimation are presented and discussed together with willingness
to pay outputs.

2 Problem definition

The centrepiece of the research is a model of choice amongst relevant existing modal
ways of travelling between predefined start and finishing locations and the proposed
Metro (the latter defined by the three phases of infrastructure provision, i.e., CBD,
Western and North-Western lines).

The main feature of data definition is a stated choice experiment in which, for
metropolitan-wide travel in the catchment area, we begin by defining a current or
recent trip experience, identify existing modal alternatives that could seriously be
considered, and establish the station-to-station pairing for the Metro that would be
the sensible Metro trip if the Metro were available today. Importantly, eligible re-
spondents would have been screened as in-scope1 prior to their participation in the
choice experiment (details of this process are given in a later section).

The stated choice (SC) experiment involves a respondent comparing the levels of
times, service levels (e.g., frequency, crowding and getting a seat for public trans-
port) and costs (i.e., fares, running costs, tolls and parking for car) of various modes
to complete the same current or recent trip. The alternatives that are shown to individ-
ual respondents include the modes that are currently available to them plus a metro

1In-scope refers to screening eligible trips according to the origin and destination of the trips that the
project team agreed would be candidate trips for considering the Metro as a feasible alternative.
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option. The respondent has to choose one of these alternatives. The process of choos-
ing amongst the alternatives is repeated a total of six times, in which each choice
situation involves varying the levels of times, service levels and costs associated with
the different alternatives.

An error components logit model is estimated that accounts for the panel nature
of the data (six choice scenarios) for each respondent, taking into account the cor-
related structure on common-respondent observations. Importantly, the error compo-
nents logit model allows for degrees of similarity between subsets of modal alterna-
tives (which is also the appeal of nested logit (NL), although NL cannot account for
repeated observations from one individual—see Hensher et al. 2005); for example,
it might reasonably be hypothesised that public transport modes have a set of unob-
served influences that are common within the public modes but different to the car
alternative.

The estimated choice models are used to calculate the marginal willingness to pay
for various components of travel time, number of transfers, service frequency and
crowding.

3 The stated choice approach

A stated choice (SC) experiment is developed in which we systematically vary
combinations of levels of each attribute to reveal new opportunities relative to
the existing circumstance of time-cost-service level on offer (see Hensher 1994;
Louviere et al. 2000; Hensher et al. 2005; Rose et al. 2008). Through the experimen-
tal design paradigm, we observe a sample of travellers making choices between the
current trip attribute level bundle (or a package of time, cost and service levels), and
other alternative attribute level bundles. This approach is the most powerful method
capable of separating out the independent contributions of each time, cost and service
component between a number of modal options for a specific trip purpose. It is the
preferred approach, capable of providing disaggregated willingness to pay estimates
for components of trip time (referred to as values of travel time savings), in addition
to the weighted average of these time components, the valuation of travel time relia-
bility, and the valuation of other user benefits (in dollars per trip and per hour) such
as crowding and getting a seat.

For car and bus, we include the variability of travel time as a combination of a
number of separate attributes. The definition of this attribute for road modes (i.e.,
bus and car), where there is often delays and uncertainty in trip times due to traffic,
breakdowns and accidents etc., focuses on the probability of an individual’s trip time
being a specific level around the average time that a specific trip would take over a
given period of time (e.g., a week for commuters). The attribute has three parts—
the probability of ‘arriving x minutes earlier than expected’, ‘arriving y minutes later
than expected’, and ‘arriving at the time expected’. A value for the reliability of travel
time can be obtained as a weighted average of the three values, where the weights
reflect the probability mix. For rail modes, we emphasis a single trip time, on the
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reasonable assumption that the existing Cityrail system and the proposed new Metro2

are not delayed by traffic levels. Trip costs are the toll, fuel and parking costs for
car, and fares for public transport. Each sampled respondent evaluated six (6) choice
scenarios, choosing a preferred mode within each choice scenario from a maximum
of three stated choice (SC) alternatives defined by two existing alternatives plus the
Metro.

Technically, a Bayesian-efficient design was constructed using D-error as the opti-
mality criteria. Priors were obtained from a pilot survey consisting of 82 respondents
conducted in April of 2009. The final design was constructed with 240 choice tasks,
allowing for attribute level balance across the design (i.e., each attribute level appears
an equal number of times over the experiment, thus minimising any potential bias
that may arise from showing one attribute level more than other levels). Given that
efficient designs are not orthogonal, the construction of an orthogonal blocking col-
umn was not possible. Therefore, a blocking column with 40 levels was generated
which minimised the maximum correlation between this column and the other at-
tribute columns. As such, the blocking column was not perfectly orthogonal however
the largest correlation was 0.16. Respondents were systematically assigned to each
subsequent block during the interview process.

4 The survey3

The survey instrument has five major sections:

2We were advised by the Metro project that a key objective of the Metro was to ‘guarantee’ on-time arrival
and were instructed to assume this. Furthermore, for existing rail, while there are experienced delays they
are quite minimal.
3Prior to the main survey, a pilot study was conducted to ensure that the logistics, sampling rules and
survey instrument were appropriate for the task at hand. The pilot proved extremely valuable in testing the
draft survey instrument and in guiding the revisions of the briefing of interviewers, as well as revisions to
the phone and face to face screeners to recruit respondents. The pilot identified a number of features of the
instrument that were in need of reconsideration. In particular:

(a) We concluded that it was sensible to limit the number of alternative ways of travelling to a maximum
of two current main modes and Metro (previously a person could select all four, although the majority
only selected one plus Metro).

(b) It was argued that we should change crucial choice set wording in order to establish eligible
alternatives. The new wording is ‘would seriously consider’.

(c) The major issue revealed from the pilot was the method of screening to ensure eligibility in respect
of the proposed Metro being a feasible alternative. To ensure the appropriate checks are in place in
the main survey, we set up a multi-stage process to check that all respondents screened as ‘in scope’
are indeed eligible before they are interviewed. The potential candidates sourced from the telephone
screening are checked by staff at Taverners to ensure that start and finish locations would make Metro
a feasible alternative. Interviewers were briefed for six hours in early May to ensure these crucial
sampling issues were adhered to at the face to face screening (which complements the telephone
screening). The interviewers were also provided with a hard copy numbered map of the metro lines, to
be used to ensure at screening that respondents are eligible.

(d) As a result of limiting the number of alternatives in a choice set, plus the simplification of the attitudinal
questions, we moved from four to six choice screens, ensuring more robust parameter estimates. The
revised survey instrument takes on average 25 minutes compared to over 30 minutes using the pilot
instrument.
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1. The introduction to the survey task and background on the study.
2. For the metropolitan-wide segments, questions describing a current or recent trip

in terms of travel times and costs for available modes for the door-to-door trip in
question, including (perceived) times and costs for modes that were not used, up
to a maximum of two alternative main modes.

3. The stated choice (SC) experiment (six screens) in which the respondent com-
pares the levels of times, service levels and costs of various modes to complete
the same trip described by earlier. The alternatives that are shown to individual re-
spondents include the modes that were available to them as described earlier (for
metropolitan-wide segments), plus a metro option. The respondent has to choose
one of these alternatives. The process of choosing amongst the alternatives is re-
peated a total of six times (each choice situation involves varying the levels of
times, service levels and costs associated with the different alternatives).

4. A series of attitudinal questions seeking views on the broader set of quality bene-
fits of specific public transport modes; and

5. Some socio-economic questions collected to provide some background of respon-
dents.

The SC experiment offers a total of five different alternatives for metropolitan trips
and six for within CBD trips. These alternatives are car, bus, light rail, cityrail and
metro. Any one respondent however is limited to choosing amongst a maximum of
two existing alternative plus the proposed Metro. The survey itself was conducted
using a computer aided personal interview (CAPI) allowing respondents to be asked
to provide information, either real or perceived, related to the levels of the relevant
alternatives for a recent trip that they undertook. The SC experiment for metropolitan-
wide segments then ‘pivots’ the attribute levels of the various alternatives, where a
pivot from the reference trips makes sense. The attributes to pivot are the travel times
and costs.4

This approach acts to frame the decision context of the choice task within some
existing memory schema of the individual respondents, and hence make preference-
revelation more meaningful at the level of the individual. Theoretically, the role of
reference alternatives in SC tasks is well supported within the literature. For exam-
ple, prospect theory (Kahnemann and Tversky 1979), which argues that individuals
use decision heuristics when making choices, promotes the idea that the very specific
context in which a decision is made by each individual is an important determinant
of the selection of choice-heuristic, supporting the use of reference alternatives in
SC tasks. Framing effects, of which reference dependence is a popular interpreta-
tion, provides context support in trading off the desire to make a good choice against
the cognitive effort involved in processing the additional information provided in a
SC task (Hensher 2010). Case-based decision theory (Gilboa et al. 2002) promotes

4A referee suggested that we might have included crowding on existing Cityrail and bus as pivots. Al-
though this is a nice idea, it is one that might be taken on board in further research, since we are unable
to redo the study. We should add, however, that the construction of the levels of crowding as a non-pivot
attribute is less problematic than time and cost, where the latter two attributes are far more important as
pivots as a way of ensuring sensible trip lengths and costs to evaluate. The crowding levels tend to be much
more behaviourally meaningful for all trip time and cost situations.
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the role of accumulated experience represented by a reference alternative. Starmer
(2000, p. 353) in particular argues strongly for the use of reference alternatives (e.g.,
a current trip) in decision theory:

“While some economists might be tempted to think that questions about how
reference points [alternatives] are determined sound more like psychological
than economic issues, recent research is showing that understanding the role
of reference points [alternatives] may be an important step in explaining real
economic behaviour in the field.”

The number and types of alternatives to be shown vary from respondent to respon-
dent. This variation is determined by the responses given by respondents early in the
survey in terms of the availability of the various alternatives for the recent trip being
examined. For example, if the respondent reports not having a car available for the
recent trip, then the car alternative will not be present in the SC experiment.

As well as the number and types of alternatives varying across respondents, several
attributes may vary also. For example, access and egress attributes relate to different
mode possibilities. As with the main mode alternatives, these attributes only appear
if the respondent indicates that they are a valid option for the trip being examined.

Exactly how analysts distribute the levels of the design attributes over the course
of an experiment (which typically is via the underlying experimental design), may
play a big part in whether or not an independent assessment of each attribute’s con-
tribution to the choices observed to have been made by sampled respondents can be
determined. Conceptually, an experimental design may be viewed as nothing more
than a matrix of values that is used to determine what goes where in a SC survey.
The values that populate the matrix represent the attribute levels that will be used
in the SC survey, whereas the columns and rows of the matrix represent the choice
situations, attributes and alternatives of the experiment.

The experimental design consists of 240 different choice tasks. Individual respon-
dents were asked to review 6 of the 240 choice tasks and to indicate which alternative
they prefer. The exact levels shown to each respondent vary depending on the times
and costs that each respondent reports for a recently undertaken trip. The trip times
and costs in the choice scenarios associated with each existing mode are pivoted
around current perceived levels; however for the other attributes such as frequency,
crowding, getting a seat and number of transfers, the range was fixed and unlinked
from the current trip experience (see Table 1). The mode specific attributes and the
percentage levels to be used in the survey are given in Tables 2 to 5. The majority
of the attributes have five levels (exception being crowding, number of transfers and
service frequency), which were found to deliver a sufficiently wide range as well as
levels within the range that would be meaningful to respondents, and in the case of
the proposed Metro, give us enough variability in the range that the metro is likely to
be represented when constructed.

The attributes and attribute levels for the study were derived in conjunction with
the Metro project authority. The literature was also consulted to determine relevant
pivot levels. The pilot study conducted in April 2009 was used to test the logistical
aspects to be implemented for the main field phase of the project, as well as to test the
operational capabilities of the Computer Aided Personal Interview (CAPI) software
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that will be used. Furthermore, results from the pilot were used to provide priors for
constructing the design used in the main field phase. The median time per survey
from the pilot study was 38 minutes, the largest proportion of which occurs from the
non-SC questions of the survey (time per SC question is approximately 20–30 sec-
onds per choice task). The median 38 minutes compares to 20–25 minutes originally
planned for. For this reason, the survey was shortened in terms of additional ques-
tions asked such as attitudinal questions. Further, partly to help limit the amount of
survey time, and partly to do with the complexity of the SC screens, it was felt that
limiting respondents to four choice tasks was best in the final field phase. This was
also confirmed in interviews held with the pilot sample after they had undertaken the
survey.

Example choice scenario screens are shown in Figs. 1(a) and (b) for metropolitan
wide trips.

Crowding required careful consideration since it is a focal issue in this study. We
are interested in both the number of seats occupied and the number of people stand-
ing in the train, metro and bus/light rail. The approach adopted to represent crowding
on a public mode involves both a written description and schematic diagrams of the
seating configuration for each mode showing the people seated and standing. The
combinations defining the crowding attribute are summarised in Table 1. For exam-
ple, level 10 is a situation where every seat is occupied and there are either 0, 15 or
16 standing depending on which mode the level is assigned to in the experimental
design. The graphical schema depicting crowding for each mode is based on the 16
levels5 with an example in Fig. 2 of a 100 percent seated train carriage and 10 people
standing, based on ideas developed by Whelan and Crockett (2009). The selection of
the attribute levels was determined in consultation with the Sydney Metro Authority.

5 The main survey field activity

620 individuals resident in Sydney were selected as the total commuter sample size.
The sampling plan reflects travel across the catchment area that not only includes the
CBD, but also areas within the metropolitan area that extend as far west as Westmead
(in terms of the rail network), and the north west of Sydney (out to Rouse Hill).

The proposed Metro lines (Fig. 3) define the catchment area. Considerable thought
was given to defining candidate trip origins and destinations, with daily checks of po-
tential in-scope respondents prior to interview. These checks were undertaken by the
managers of the survey team. Having a trip commence and finish in the catchment
area does not mean in-scope; rather some of these trips (e.g., Castle Hill to Parra-
matta) are deemed out of scope since the Metro is hardly a meaningful mode for such
a trip either as an access, main or egress mode. Furthermore, some in-scope trips can
begin in the catchment area and finish outside (e.g., Gladesville to Kensington).

The sample was designed to capture trips in both the proposed Metro’s geographi-
cal catchment area and the rest of the metropolitan area to the extent that the trips can

5The full set of 16 levels are available on supplementary material from the first author.
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Table 1 Crowding attribute
levels by mode Level Seated Bus Train Metro

Standing Standing Standing

1 25% 0 0 0

2 50% 0 0 0

3 60% 0 0 0

4 70% 0 0 0

5 80% 0 0 0

6 80% 5 5 5

7 90% 0 0 0

8 90% 5 5 5

9 100% 0 15 16

10 100% 3 30 32

11 100% 7 45 47

12 100% 11 60 63

13 100% 15 75 78

14 100% 19 90 94

15 100% 23 105 109

16 100% 27 120 125

Fig. 2 Example of crowding within a public mode

finish anywhere in the metropolitan area, provided that they commence in the catch-
ment area. The final sample profile is summarised in Table 6. The difference with the
required quotas in large measure is attributable to the following considerations that
emerged as the fieldwork progressed:

1. Commuter off-peak trips are difficult to find, and so we have removed the peak
and off-peak distinction.

2. The postcode allocation was modified to be more in line with the percent catch-
ment demand of approximately 50 percent/30 percent/20 percent for East/Middle/
West trips.

3. The candidate access and egress modes associated with each existing main mode
are not all easy to identify as actual trips as per the quotas. Examples are public
transport access to train for commuters and car access to bus or light rail. We
have relaxed the quotas after 50 percent of the data was collected, to allow more
flexibility in the selection of the access and/or egress modes.

The valid sample cell in Table 6 counts only the quota or how much of the quota is
full, not oversubscribed interviews. The main field work commenced in early May
and was completed on Sunday May 31, eight days ahead of schedule.
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Table 6 Final sample sizes

Commuter

Main mode Car Train Bus_light rail Total

Time Peak Off peak Peak Off peak Peak Off peak

Access mode Walk PT Car Walk PT Car Walk Car Walk Car

Sample size 80 80 40 40 40 40 40 40 100 40 40 40 620

Done 137 34 161 48 87 29 2 3 132 17 20 0 670

Required −57 46 −121 −8 −47 11 38 37 −32 23 20 40 −50

In addition to the modal quotas, we introduced (post-pilot) postcode grouping quo-
tas6 for commuter trips to ensure geographical coverage and to avoid (as occurred in
the pilot) a disproportionately higher incidence of trips from the outer west, and espe-
cially the north west (Hills District). These are summarised in Fig. 4. The interview
locations are shown in Fig. 5. Each week, interviews were undertaken in three or
four centres. These interviews are a mixture of telephone screened respondents and
individuals screened on-site.

6 Descriptive overview of data

This section provides an overview of the modal profile actually obtained from the
effective sample (Table 7), as well as a socio-economic overview of the data (Table 8),
with details of the trip characteristics in terms of times, costs, frequency, crowding
etc. presented and discussed in Sect. 9. Table 7 is useful in identifying what modes
are used for access to the main modes.

An overview of the socioeconomic data for the sample is given in Table 8, with
comparisons with the Sydney Household Travel Survey (HTS)7 in Table 9(a). We do
not present the trip attributes in this table. They are given in the next section where
we present the final models for each trip segment.

In addition to the socioeconomic descriptors, we also summarise (in Table 9(b))
the extent of data screening prior to model estimation. The commuting segment
had an initial maximum sample of 670 respondents, which is a maximum of 4,020
observations for model estimation. We removed data that concerned us. This was
necessary in order to remove observations that were subsequently found to be ei-
ther a serious outlier problem (in terms of trip times in particular where the total
trip time was less than 10 minutes and greater than 90 minutes), and/or the open
ended comments suggested that respondent participation was motivated by reasons

6A question was added into the final CAPI to gather the starting postcode for trips. This enables counts
for each postcode at the end of each day to be gathered. A code of −999 is allowed if a respondent really
does not know an answer, but these should be minimal.
7The HTS data refers to the catchment area and not to the in-scope origin-destination trips reflected in the
sample used herein. This survey is undertaken annually by the NSW government and collects data on over
3,000 households.
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Table 7 Overview of the modal
profile (access, main and egress
modes) of the sample

Main purpose Main mode Time period Access mode Count

Commuter Bus/LR Off-peak Car 0

Commuter Bus/LR Off-peak Walk 20

Commuter Bus/LR Peak Car 17

Commuter Bus/LR Peak Walk 132

Commuter Car Off-peak 34

Commuter Car Peak 137

Commuter Train Off-peak Car 3

Commuter Train Off-peak PT 2

Commuter Train Off-peak Walk 29

Commuter Train Peak Car 87

Commuter Train Peak PT 48

Commuter Train Peak Walk 161

that suggest a strategic bias in responses (e.g., totally opposed to the government
spending money on a metro). The short travel context caused problems with some
parameter estimates, given little variation in trip times for such trips. Trips in ex-
cess of 90 minutes are very infrequent and these were deemed to be outliers. The
total sample for model estimation was reduced to 524 respondents or 3,144 observa-
tions.

7 The modelling approach

The model results are obtained from an error components (EC) model. Let Unsj de-
note the utility of alternative j obtained by respondent n in choice situation s. The
utility Unsj is partitioned into three components, an observed component of utility,
Vnsj , an unobserved component of utility, ηnsj , and an unobserved component, εnsj

where the latter is identically and independently extreme value type 1 (EV1) distrib-
uted Type I. Under this representation, utility may be written as:

Unsj = Vnsj + ηnsj + εnsj . (1)

As is common practice, the observed component of utility is assumed to be described
by a linear relationship of observed attribute levels of each alternative, x, and their
corresponding weights (parameters), β . In the multinomial logit (MNL) model, the
parameter weights for each attribute are invariant over respondents, such that the
observed component of utility can be represented as:

Vnsj =
K∑

k=1

βjkxnsjk. (2)

The second component of overall utility, which we have designated ηnsj , consists of
a set of parameters, θji and variables znsji . Unlike the observed component of utility



128 D.A. Hensher et al.

Table 8 Socioeconomic profile
of data Age Commuter

24 or under 72

25 to 34 180

35 to 44 162

45 to 54 146

55 to 64 90

65 and over 19

Refused 0

Total 669

Income Commuter

Under $10K 38

$10K–$15K 21

$15K–$20K 22

$20K–$30K 39

$30K–$40K 73

$40K–$50K 98

$50K–$60K 66

$60K–$80K 116

$80K–$100K 89

$100K–$120K 44

$120K–$150K 24

$150K–$200K 11

Over $200K 11

Refused 18

Total 670

Gender Commuter

Male 314

Female 356

Total 670

however, znsji is either known, partially known or completely unknown to the analyst
whilst θji is simply not modelled at all. Given that θji and znsji are either unobserved
or not modelled by the analyst, ηnsj is typically assumed to be randomly distributed
over the population, and although not necessary, to be generic across subsets of alter-
natives. This component of utility may be written as:

ηnsj =
i∑

i=1

θnjiznsji . (3)
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Table 9 (a) Comparison of HTS segments to sample segments by proportion. (b) Summary of data re-
moved in preparation for model estimation

(a)

Commuter

HTS Sample

Personal Gross Income

Less than 10K 0.078 0.057

10–20K 0.123 0.064

20–30K 0.224 0.058

30–60K 0.295 0.355

60K + 0.281 0.466

Gender

Male 0.564 0.467

Female 0.436 0.533

Number of Vehicles in Household

0 0.065 0.106

1 0.327 0.427

2 0.348 0.348

3+ 0.260 0.119

Mode Usage

Car 0.748 0.255

Train 0.165 0.493

Bus 0.086 0.252

(b)

Sample Collected Removed due to Total

Trip < 10 mins Trip > 90 mins Sub total Other reasonsa

Commuter 670 (4,020) 11 (66) 110 (660) 121 (726) 25 (150) 146 (876)

Total 2108 (11,034) 32 (192) 328 (1,968) 360 (2,160) 70 (420) 430 (2,580)

aRespondents removed due to providing unrealistic data (36); the sampled trip was not deemed an eligible
trip (21); the respondent made a political remark about the Metro (15 respondents); or the surveyed trip
involved transporting work equipment (8). Numbers in brackets refer to number of cases (i.e., respondents
by choice six scenarios)

Assuming the analyst knows a priori all the attributes in znsji , it is possible for znsji to
enter into (1) such that xnsjk = znsji . In such an instance, (1) will collapse to (4)

Unsj = Vnsj + εnsj . (4)

Equation (5) represents the most common form of utility representation within the
literature. In some instances, the analyst may have no knowledge of znsji . In such
instances, it is possible without loss of generality, to assume that znsji = 1, in which
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case (1) becomes:

Unsj = Vnsj + �nsj , (5)

where �nsj = (θnsj , εnsj ) and θnsj has some distribution over sampled individuals
and alternatives. Equation (5) represents the EC model. Assuming that the εnsj ’s
are EV1 IID and that preferences are homogenous within the sampled population,
the probability, Pnsj , that respondent n chooses alternative j in choice situation s is
given by the MNL model, (6)

Pnsj = exp(Vnsj )∑
i∈Jns

exp(Vnsi)
. (6)

We do not report the results for MNL models, but rather for models estimated assum-
ing the panel formulation of the EC including error components. This model, whilst
more complex than the MNL model, is equivalent to the Nested Logit (NL) model in
that it accounts for differences in error variances for the different alternatives, but has
the added benefit of taking into account the pseudo panel nature of SC data (some-
thing that the NL model does not do). As such, the model outputs may be used in
exactly the same way as those obtained from a NL model; however the parameters
obtained from the model are less likely to be biased as a result of respondents com-
pleting more than one choice task. In the formulation of the EC model, the marginal
probability of observing a sequence of choices, sn, is what is modelled, as opposed to
the within choice set probabilities themselves. This sequence of probabilities made
by respondent n in s choice situations is given as:

P(sn) =
∫

ηsp

Sn∏

s=1

exp(βi + βxsi + ηsp,i)∑
j (βj + βxsj + ηsp,j )

ϕ(ηsp|σ 2)dηsp, (7)

where ηsp,j = 0 for at least one alternative j .
The integrals in (7) require, in order for the probabilities to be calculated, sim-

ulation over the random parameters and error terms. This simulation requires that
draws be taken over the random parameter (and/or error component) distributional
space. For convenience, and to ensure coverage of the entire space of the parame-
ter distributions, typically researchers rely on quasi-random Monte Carlo methods
in order to take the simulated draws (see e.g., Bhat 2001, 2003; Hess et al. 2005;
Train 2003). The expected probabilities derived from (7) are then used to calculate
the log-likelihood function for the model.8

In the models reported below, we used 500 Halton draws in a simulated log-
likelihood function. The error components that capture influences that are related to
alternatives in contrast to attributes are included by constructing a set of independent
individual terms, Eim, m = 1, . . . ,M ∼ N [0,1] that can be added to the utility func-
tions. This device allows us to create what amounts to a random effects model and, in
addition, a very general type of nesting of alternatives. Let θm be the scale parameter

8All models were estimated using Nlogit4.
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(standard deviation) associated with these effects. Then, each utility function can be
constructed as:

Uijt = αji + β ′
ixjit + (any of θ1Ei1, θ2Ei2, . . . , θMEiM). (8)

Consider, for example, a four outcome structure

Ui1t = Vi1t + θ1Ei1 + θ2Ei2,

Ui2t = Vi2t + θ2Ei2,

Ui3t = Vi3t + θ1Ei1 + θ3Ei3,

Ui4t = Vi4t + θ4Ei4.

Thus, Ui4t has its own uncorrelated effect, but there is a correlation between Ui1t

and Ui2t and between Ui1t and Ui3t . This example is fully populated, so the covari-
ance matrix is block diagonal with the first three freely correlated. The model might
usefully be restricted in a specific application.

8 The modelling results

In this section we present the final error component logit model, arrived at after ex-
tensive investigation of alternative specifications.9

An important point to be aware of when evaluating the findings is that the catch-
ment area was defined to ensure that the metro was able to be evaluated as a physically
available alternative, with a time-cost profile that was deemed sensible in satisfying
in-scope eligibility. Hence the sample has selectivity bias in that the choices are con-
ditional on metro being deemed a considered alternative in the choice set. In contrast,
all other means of transport (apart from the mode actually chosen in the recently sam-
pled trip for an in-scope interview), may or may not be in the choice set, depending
of the responses of respondents. Consequently it will come as no surprise that the
current modal share is not a reproduction of the wider modal share of the Sydney
metropolitan area or of those who live and travel from a location within the catch-
ment area.

The pre-defined catchment was assumed to be the locality where eligible trips
would commence; however many trips in the catchment area would not have a des-
tination that would allow the Metro to be a candidate alternative; hence the use of
population data such as that provided by the NSW Transport Data Centre for exoge-
nous weighting turned out to be of little value since the data assumes that everyone
who is a ‘Residents of occupied private dwellings in the CATCHMENT’ (defined by

9A an aside, after finalising the models we ran models in which we included a dummy variable to distin-
guish between observations recruited via the phone screener and those recruited via the shopping centres.
In all cases this dummy variable was not statistically significant, and indeed t -ratios were significantly
less than 1.0. Generic Public transport recruitment type dummy and alternative-specific public transport
recruitment type dummy variables were evaluated. Importantly it should be noted that screening for eligi-
bility at shopping centres was based on the exact same screener as used on the phone.
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a list of postcodes in Fig. 4) was a candidate potential users of Metro.10 Given that it is
unlikely that one would be able to extract the relevant sub-sample from the HTS sur-
vey (given the physical catchment area), we have chosen to focus on the unweighted
models, which provide parameter estimates that are a true reflection of the preferences
of the sampled respondents for whom the Metro is a genuinely relevant alternative.
A descriptive profile of the data used in model estimation is given in Table 10.

The final model is presented in Table 11. This was selected from a large num-
ber of models. The overall goodness-of-fit on accepted criteria is impressive (rho2 of
0.6075). Some parameter estimates are alternative-specific (e.g., car costs and times),
and some are generic to a subset of modes (e.g., train and metro or all public transport
modes). There are no fully generic parameter estimates (i.e., across all modes), sug-
gesting that there are mode-specific sensitivities on many influencing attributes. For
example, the mean parameter estimates (or marginal disutilities) for public transport
fares are −0.4345 for bus, and −0.3994 for train and metro, and all are statistically
significant (lowest t-value is −5.21).

Taking a closer look at each explanatory variable within class, we see that for
access, park or kiss and ride time is the most statistically significant influence on
main mode choice for train and metro, followed by the use of a public transport mode
(in terms of both time and cost). Note that for the main public mode, it is feasible to
access it by either bus, train or the proposed metro. Walk time to a public transport
mode was marginally significant. The access public mode cost is also statistically
significant, so overall the access trip does have a strong role to play in establishing the
preference for public transport. There is clear evidence of a high degree of sensitivity
to travel time to drive to, and park near or be dropped off (kiss n ride), a train or
proposed metro station, as well as using public transport to access the train or metro.
Thus station spacing can have a significant influence on the role of this attribute,
given the marginal disutility weight.

The crowding attributes associated with public transport are statistically signifi-
cant. The number standing is defined as a quadratic interacted with in-vehicle travel
time for the main mode, and the proportion seated is defined by the natural logarithm
transformation interacted with the main mode in-vehicle travel time. The nonlinear-
ity is intuitively plausible and is very useful in establishing the willingness to pay to
get a seat and to stand under various loading scenarios by time of day (or time slice
during a particular period such as the peak period) and trip length. The willingness
to pay to obtain a seat or to avoid standing is set out in the next section for a range of
scenarios. The (dis)utility function for the number standing and the proportion seated
are respectively:

Utility (# standing) = −0.00000147 × #standing2 × in-vehicle time,

10Within the catchment area, the population weights are based on estimated resident population (ERP) as
at 30 June 2006. The HTS data is pooled data from 5 waves—02/03 to 06/07 HTS weighted to 30 June 2006
population. We did however investigate weighting with the unlinked trip data supplied by TDC from the
Household travel survey (HTS) to identify population modal shares on existing modes and we re-weighted
on this criterion. Unlinked trip data was selected in contrast to linked trip data, given that the latter has
a priority mode assignment that is not appropriate for the exogenous weighting of relevance herein. The
estimated models (available on supplementary material) had a significantly worse overall goodness of fit
on log-likelihood as well as producing WTP measures with confidence limits that were unacceptable.
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Table 11 Commuter model

Attribute Modes Par (t-ratio)

Access

Walk (mins) All PT −0.04287 (−1.80)

Car time (Park and ride and Kiss and ride) (mins) All PT −0.00152 (−5.10)

PT time (metro, bus and train) (mins) Train, Metro −0.03501 (−1.87)

PT cost (metro, bus and train) ($) Train, Metro −0.00145 (−7.84)

Public transport Main Mode

Attributes

Mode-specific constant Bus only −4.7661 (−3.06)

Mode-specific constant Train only −4.2748 (−2.91)

Mode-specific constant Metro only −3.3051 (−2.34)

Fare ($) Bus only −0.4345 (−5.21)

Fare ($) Train and Metro −0.3994 (−7.60)

Expected travel time (mins)a All PT −0.0537 (−7.50)

Crowding ([number standing]2× travel time) All PT −0.00000147 (−3.84)

Crowding (LN[Proportion seated] × travel time) All PT −0.01978 (−3.96)

[Frequency of service]2(every number of mins) All PT −0.00031 (−6.47)

Number of Transfers Bus only −0.2931 (−2.32)

Number of Transfers Train only −0.1615 (−1.80)

Number of Transfers Metro only −0.2111 (−1.90)

Car Main Mode

Petrol and Toll Cost ($) Car only −0.1671 (−4.45)

Parking Cost ($) Car only −0.1518 (−8.43)

Travel Time (mins) Car only −0.06508 (−4.48)

Egress

Walk (mins) All modes −0.0755 (−3.19)

PT cost (metro, bus and train) ($) All modes −0.00145 (−7.84)

Socio-demographic variables

Current Bus User (1, 0) Bus only 1.1163 (2.07)

Current Train User (1, 0) Train only 0.2952 (0.84)

Curent Car User (1, 0) Car only 4.7780 (4.46)

Error Components

Car, Bus 1.164 (3.44)

Bus, Train 1.663 (12.84)

Bus, Train, Metro 2.417 (7.02)

Model Fits

LL(β) −1710.90

LL(0) −4358.509

LL(ASC) −2278.538

Rho2 (relative to zero parameters) 0.6075

Rho2 (relative to ASCs) 0.2491

Number of respondents 524

Number of observations 3,144

aDefined as the probability weighted travel time for each of the three times in the choice scenarios for each
alternative
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Marginal Utility (# standing) = 2 × −0.00000147 × #standing × in-vehicle time,

Utility (proportion seated) = −0.01978 × Ln(proportion seated) × in-vehicle time,

Marginal Utility (probability of getting a seat)

= (−0.01978 × in-vehicle time)/(proportion seated).

Of particular note is that the mode-specific constants for all public transport modes
are negative (relative to the car-specific constant set to 0.0) and statistically signif-
icant. What this suggests is that, after accounting for the differential and correlated
variances associated with the unobserved influences associated with each alternative,
as well as the rich specification of factors that really do matter to travellers who are
in-scope, that there remain significant unobserved influencing effects on average. The
metro has the least negative mode-specific constant (with bus the most negative) in-
dicating its preference over train and bus after accounting for service and cost levels.
In application one can construct a modified metro-specific constant from all those at-
tributes in the model that are statistically significant that the analysts may choose not
to incorporate in their application model. One would have to define a specific (fixed)
level for each of these attributes, and use that to obtain the additive metro-specific
constant.

We have introduced dummy variables to represent the mode currently being used.
These variables are measures of inertia and suggest, all other factors remaining un-
changed, that an individual is more likely to choose the alternative they currently use.
Since many trips are essentially habitual (in contrast to variety seeking), this is an
important conditioning effect. The dummy variables for the revealed preference (RP)
modes car and bus are statistically significant, but not for train. This might suggest
that the proposed metro will appeal mostly to existing train users. The strongest RP
inertia effect is for car, with a parameter estimate of 4.7780, in comparison to the bus
estimate of 1.1163.

We see a very statistically significant public transport frequency attribute (an im-
pressive t-ratio of −6.47). Frequency is defined as a quadratic of minutes between
services, allowing for the marginal disutility to vary by headway. The negative pa-
rameter estimate indicates all other influences remaining constant, that an increased
frequency associated with reduced time between services, will reduce the marginal
disutility of public transport, and increase the probability of choosing public trans-
port. The willingness to pay for increased frequency is statistically significant and
non-marginal.

Finally, the presence of a transfer within public transport is negative as expected,
and statistically significant for bus, and marginally significant for train and metro.
Thus relative to metro, the transfer penalty is lower for train and higher for bus.

9 Willingness to pay outputs

The key behavioural outputs are the estimates of various willingness to pay (WTP)
measures such as the value of travel time savings (incorporating the distribution of
travel time reliability), value of getting a seat and avoiding standing, and the value
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placed on increased service frequency. A willingness to pay indicator is a measure
of how much an individual is willing to pay to avoid or receive a unit of a specific
attribute, holding income and tastes constant. We provide a full set of WTP outputs,
and where appropriate, contrast the evidence with benchmark estimates.

We express the WTP in dollars per minute or per trip. The values of travel time
savings (VTTS) can be converted to minutes (or hours) per dollar (i.e., WTP in time
units); the values attached to seating and standing refer to a trip and so to convert
from $/trip to minutes per trip we would need to know the travel time of the trip.

The Krinsky and Robb (1986, 1990) method is used to obtain mean and median
WTP along with 95 percent confidence intervals. The procedure involves a number
of steps summarised below:

1. Estimate the WTP model of interest.
2. Obtain the vector of parameter estimates β ′ and the variance-covariance (VCV)

matrix V (β ′) (these are saved at model estimation).
3. Calculate the Cholesky decomposition, C, of the VCV matrix CC′ = V (β ′).
4. Randomly draw from the standard normal distribution, a vector x with k indepen-

dent elements.
5. Calculate a new vector of parameter estimates Z such that Z = β ′ + C′x.
6. Use the new vector Z to calculate the WTP measures of interest.
7. Repeat steps 4, 5, and 6 N(>= 5000) times to obtain an empirical distribution of

WTP.
8. Sort the N values of the WTP function in ascending order.
9. Obtain a 95% confidence interval around the mean/median by dropping the top

and bottom 2.5% of the observations.

The Commuter WTP estimates are presented in Table 12. We have included the out-
put from the Krinsky and Robb procedure. The mean values of travel time savings
(VTTS) for the main modes are $7.68 per hour for bus, $8.22 for train and metro, and
$24.78 for car. The weighted average VTTS is $9.95 person hour.

Importantly the VTTS for road modes (i.e., car and bus) include an allowance for
travel time uncertainty on repeated trips over a week, and so the VTTS is based on a
recognition that the trip time in a main mode can vary over repeated trips for car and
bus according to the probability profile provided for quickest trip time, travel time on
average and slowest trip time. So we might expect the median estimates of VTTS to
be higher than previous studies, since we have removed the confoundment between
trip specific travel time and reliability of time.

Polydoropoulou and Ben-Akiva (2001) investigated the probability of getting a
seat (out of 10 times) for bus and mass transit, using a nested logit specification
on joint RP and SP data (essentially ignoring the panel nature of the data) for all
trip purposes. The variable was treated as a linear effect. The authors found it to
be a statistically significant effect, but did not report a WTP. They provide two cost
variables (fare for those with no cars, and fare for those who own one or more cars).
The WTP calculated from the data (in Israeli shekel (NIS) 1999) is 36.39 NIS and
46.61 NIS respectively for 0 and 1-plus cars owned. This suggests that if a traveller
can always get a seat (10 out of 10 times), then they are willing to pay up to 36.39
NIS to 46.61 NIS for this situation, which translates into (given the linear definition),
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Table 12 Commuter willingness to pay ($/min except transfers)

95% confidence interval

Average Median Std Dev. Lower Upper

Access Walk Time Bus $0.102 $0.098 $0.061 $−0.007 $0.236

Train, Metro $0.112 $0.107 $0.068 $−0.007 $0.259

Access Public Transport Time Train, Metro $0.089 $0.090 $0.049 $−0.006 $0.180

Access Drive Time Bus $0.004 $0.003 $0.001 $0.002 $0.006

Train, Metro $0.004 $0.004 $0.001 $0.002 $0.006

In-vehicle Time Bus $0.128 $0.123 $0.031 $0.082 $0.205

Train, Metro $0.137 $0.134 $0.027 $0.094 $0.201

Car $0.413 $0.391 $0.143 $0.202 $0.730

Number of Transfers ($/transfer) Bus $0.702 $0.678 $0.336 $0.134 $1.413

Train $0.411 $0.413 $0.240 $−0.052 $0.901

Metro $0.539 $0.524 $0.294 $0.000 $1.157

Egress Time Walk Bus $0.182 $0.175 $0.071 $0.066 $0.342

Train, Metro $0.193 $0.189 $0.065 $0.077 $0.336

Car $0.486 $0.459 $0.216 $0.161 $1.004

3.639 NIS to 4.661 NIS per trip. If there is a 50 percent chance of getting a seat, then
the values per trip are 1.819 NIS and 2.331 NIS.

The direct comparison with our evidence is tricky, since 100 percent seating does
not imply a seat 100 percent of the time. We have to look at a scenario such as ‘no
one standing and plenty of seats available’. Within the range, we have investigated
what the best estimates might be when there is a 45 per cent chance that you get
a seat, which has a median WTP per trip averaging 30 minutes of 2009$AUD2.76
(or 2009$US2.15) for metro. If we recognise that the study by Polydoropoulou and
Ben-Akiva (2001) was undertaken in Tel Aviv 10 years ago, the evidence is not di-
rectly comparable. The figure in 1999 for Australia, given the Sydney metro estimate
in 2009, would be 1999$Aus2.0611 (or $1999$US1.34) given an exchange rate of
$AUD1 = $US0.64518. This is higher than the Tel Aviv evidence in 1999, in the
range $US0.439 and $US0.563 (one US dollar was equal to 4.14 NIS in 1999). An-
other way of comparing the evidence is to express these WTP estimates as a percent-
age of the prevailing average wage rate. For the Israel study this is 6.4 to 8.2 percent
of the average wage rate and for the Australian evidence it is 7.10 percent of the
average wage rate, the latter being in the range of the Tel Aviv evidence, which is
encouraging.

Pepper et al. (2003) investigated crowding in trains. The numbers and lengths of
New Jersey Transit (NJT) commuter trains accessing New York’s Penn Station are
currently at the limits of available capacity during peak periods, as evidenced by the

11Conversion using http://www.rba.gov.au/calculator/calc.go.

http://www.rba.gov.au/calculator/calc.go
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significant number of standees at these times. A study was conducted to determine the
design of the multilevel coaches, so that they will provide the extra capacity needed
and also reflect customers’ preferences. The study focused on interior issues, includ-
ing the seating configuration and seat design, that relate directly to the amount of
seated (and standee) capacity on the new coaches. A detailed, computer-based sur-
vey was administered to customers to quantify their preferences among key elements
of the multilevel concepts, and to estimate their WTP for those elements. The study
found that additional seating capacity in the configuration preferred by customers
provides a substantial net benefit to NJT passengers, equivalent to about $2.20 fare
value per trip. The benefits are higher for this application because of the crowded
conditions on existing trains. The study also suggests that multilevel coaches and
improved interior design have benefits well beyond increased capacity. This mean
estimate cannot be compared to our study without knowing the baseline mix of seats
and standing capacity, and the actual loadings in terms of those sitting and standing.

Tables 13 and 14 provide detailed scenarios of the WTP associated with the num-
ber of standees (Table 13) and the percentage of seats occupied (or the converse as
the probability of getting a seat) (Table 14). This format of presentation enables ana-
lysts to select a specific standing and seating mix under a range of scenarios for each
public transport mode.

A number of WTP measures are non-linear. The two crowding attributes (i.e.,
number standing and the proportion seated) are respectively specified as a quadratic
form and in natural logarithmic form, as well as being interacted with travel time. The
frequency attribute is treated as a quadratic. The WTP formulae for these attributes
are:

WTP (# standing) = (2 × β#standing × #standing × in-vehicle time)/βcost ,

WTP (proportion seated) = (βseat × in-vehicle time)/(βcost × proportion seat),

WTP (frequency) = (2 × βf requency × frequency)/βcost .

The WTP associated with the proportion seated (or 1-probability of getting a seat)
is a logarithmic functional form, and hence the WTP is based on the equation below
(where t t = travel time and xk is the proportion seated):

WTP =
d

dxk
βk ln(xk)tt

d
dxC

βCxc

= βk
1
xk

t t

βC

= βktt

βCxk

. (9)

The WTP associated with getting a seat is [(−0.01978× in-vehicle time)/(−0.4345×
proportion seated)] for train and metro and [−0.01978 × in-vehicle time/(−0.3994 ×
proportion seated)] for bus. For example, in Table 13, for metro, if we assume a
probability of obtaining a seat per trip of 0.5 per carriage for a 30 minute in-vehicle
trip time for the main mode, the mean WTP is $2.97; hence a commuter is willing to
pay on average up to $2.97 to ensure that a seat is available 50 percent of the time.
To ensure a seat is available 75 percent of the time, they are willing to pay on average
up to $6.08. Likewise, the WTP associated with a trip environment in which there are
75 standees at the time of boarding over the 30 minute in-vehicle trip is a very small
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(a)

(b)

Fig. 6 (a) Commuter Median Willingness to Pay to avoid standing in a bus. (b) Commuter Median Will-
ingness to Pay to avoid standing in metro/train (*note that the kink is a result of the non-linear increase in
the number of standees showing on the X axis). (c) Commuter Median Willingness to Pay for proportion
seated on a bus. (d) Commuter Median Willingness to Pay for proportion seated on a metro/train

amount, namely 1.7 cents, suggesting that all the focus should be on the WTP to get
a seat.

In order to implement the ‘crowding’ WTP, one would need to identify the num-
ber of commuters using the metro in any time slice, and then establish the number of
standees and those sitting, given the configuration of the carriages. For example, sup-
pose the demand estimates suggest that, given 70 seats per metro carriage, there are
140 passengers per carriage. Then the probability of getting a seat is 0.5. The WTP
associated with this scenario for a 30 minute trip is $2.97 per passenger per trip.
Based on this logic, we can graph (Figs. 6(c), (d)) the WTP associated with getting a
seat as well as a WTP associated with the number standing (Figs. 6(a), (b)).

Importantly, the perception of crowding is built into this valuation (given the pic-
tures shown to respondents). Suppose that the average travel time in the metro is
30 minutes, then the ‘crowding penalty’ in cents per minute in the example above
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(c)

(d)

Fig. 6 (Continued)

for a probability of 0.5 of getting a seat is 9.9 cents. Given the exchange rate of
$AUD1 = $0.48 pounds, this is equivalent to 4.76 pence per minute, which is in the
range of the UK London evidence. As a mark up on the VTTS per person hour, this
adds 0.736 on the metro VTTS.

The graphs in Figs. 6(a)–(d) show the shape of the function for the relationship
between WTP and (i) number standing and in-vehicle time; and (ii) the proportion
seated (= 1-probability of getting a seat) and in-vehicle time. The service frequency
distribution by headway is summarised in Table 15.

10 Conclusions

The study has focussed on obtaining new empirical evidence on the factors influenc-
ing the choice of mode of transport for commuting trips in Sydney, and especially the
contribution to the relatively small literature on valuation of crowding. The primary
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Table 15 Commuter frequency of service WTP values by mode

95% confidence interval

Frequency Average Median Std Dev. Lower Upper

Bus

10 $0.01482 $0.01436 $0.00369 $0.00925 $0.02341

15 $0.02224 $0.02154 $0.00554 $0.01388 $0.03511

20 $0.02965 $0.02871 $0.00738 $0.01850 $0.04681

25 $0.03706 $0.03589 $0.00923 $0.02313 $0.05851

30 $0.04447 $0.04307 $0.01107 $0.02775 $0.07022

35 $0.05188 $0.05025 $0.01292 $0.03238 $0.08192

40 $0.05930 $0.05743 $0.01476 $0.03700 $0.09362

45 $0.06671 $0.06461 $0.01661 $0.04163 $0.10532

50 $0.07412 $0.07178 $0.01845 $0.04625 $0.11703

55 $0.08153 $0.07896 $0.02030 $0.05088 $0.12873

60 $0.08894 $0.08614 $0.02214 $0.05550 $0.14043

Train

10 $0.00791 $0.00780 $0.00150 $0.00532 $0.01106

15 $0.01582 $0.01560 $0.00301 $0.01065 $0.02212

20 $0.02373 $0.02340 $0.00451 $0.01597 $0.03317

25 $0.03164 $0.03120 $0.00602 $0.02130 $0.04423

30 $0.03955 $0.03900 $0.00752 $0.02662 $0.05529

35 $0.04746 $0.04680 $0.00903 $0.03195 $0.06635

40 $0.05537 $0.05460 $0.01053 $0.03727 $0.07741

45 $0.06328 $0.06240 $0.01204 $0.04259 $0.08847

50 $0.07119 $0.07020 $0.01354 $0.04792 $0.09952

55 $0.07910 $0.07800 $0.01505 $0.05324 $0.11058

60 $0.08701 $0.08580 $0.01655 $0.05857 $0.12164

Metro

2 $0.00316 $0.00312 $0.00060 $0.00213 $0.00442

4 $0.00633 $0.00624 $0.00120 $0.00426 $0.00885

6 $0.00949 $0.00936 $0.00181 $0.00639 $0.01327

8 $0.01266 $0.01248 $0.00241 $0.00852 $0.01769

10 $0.01582 $0.01560 $0.00301 $0.01065 $0.02212

12 $0.01898 $0.01872 $0.00361 $0.01278 $0.02654

focus is on establishing the role of a number of trip attributes in the definition of
the modal preference expression for the proposed metro in the presence of existing
modes of transport for access, main and egress stages of door-to-door travel activity.

The evidence on the relative marginal disutility (or utility) associated with the in-
fluencing attributes, essentially components of service level (time, frequency, trans-
fers), costs and crowding as well as the metro-specific constant that captures unob-
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served influences associated with the metro option, enable us to derive estimates of
willingness to pay for each component.

The application modelling system can import the various WTP estimates and use
them to build up the empirical expressions of relative utility associated with the com-
peting modes of transport. This can be achieved in a generalised time or cost specifi-
cation.

A number of comments are appropriate as a way of reinforcing some important
assumptions that underlie (or condition) the behavioural research herein:

1. The estimated model has been developed in a context where the metro is deemed
to be a ‘feasible’ alternative. Essentially, the catchment origin-destination set has
been premised on the metro being included in each respondent’s choice set as if
they were asked, in contrast to imposing it on them.

2. The application system within which the model can be applied must recognise that
the parameter estimates and associated WTP estimates are applicable to a specific
context in Sydney, and as such, their incorporation in a Sydney-wide modelling
system must recognise this, and be prepared to assume that the parameters are
transferable to the wider context.

3. On the reasonable assumption that the key outputs are portable to the application
model system, the only constant that can be ported is the metro-specific constant.
The numerical estimates for all segments are intuitively plausible relative to the
car, train and bus and so we can be somewhat confident that we have identified the
relative magnitude of the mean unobserved influences associated with the metro.

4. All modelling was undertaken as if the entire metro network will be in place.
Consequently any applications that focus on a staged introduction must be mindful
of the context in which all parameter estimates are derived.
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