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Preface

RAND Europe, in collaboration with Scott Wilson, were commissioned by the UK
Department for Transport to develop a model to predict demand for long-distance
passenger travel on interurban networks using road, rail and air in Great Britain. The
model will be used to appraise the impact of policies and infrastructure aimed at this
market, such as road pricing, rail fares, high-speed rail, highway construction and
operation policies, and policies directed towards domestic air travel. As part of this work a
stated preference study was undertaken to examine the propensity of travellers currently
making long-distance journeys by car, (classic) rail and air to transfer to high-speed rail
services.
Scott Wilson was the lead partner for the overall study and was responsible for
development of the transport supply networks for car, air and rail travel, and the
implementation of the final models into a user-friendly forecasting system. RAND Europe
was responsible for the estimation of the travel demand models, using both stated
preference and revealed preference data.
This report described the stated preference surveys and the analysis of these data that was
undertaken as part of this study. This report has been produced by RAND Europe.
RAND Europe is an independent not-for-profit policy research organisation that serves the
public interest by improving policymaking and informing public debate. Clients are
European governments, institutions and firms with a need for rigorous, impartial,
multidisciplinary analysis of the hardest problems they face. This report has been peerreviewed in accordance with RAND’s quality assurance standards (see
http://www.rand.org/about/standards/) and therefore may be represented as a RAND
Europe product.
For more information about RAND Europe or this document, please contact Peter Burge
at:
RAND Europe
Westbrook Centre
Milton Road
Cambridge CB4 1YG
England
+44 (0)1223 353 329
burge@rand.org
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Summary

Background
The UK Department for Transport is developing a model (LDM) to predict passenger
demand for long-distance travel, which will be used to examine a number of policy
interventions including demand for high-speed rail (HSR), among policies which will
influence long-distance car, classic rail and air demand.
In the context of the LDM study, long-distance journeys are defined as (one-way) journeys
over 50 miles.
In the summer of 2008, a study was undertaken to examine the feasibility of developing a
multi-modal model of long-distance travel (Scott Wilson et al., 2008). Since then, phases 1
and 2 of model development have been undertaken, using National Travel Survey (NTS)
data on long-distance travel for estimation of the travel demand model. In the Phase 2
study it was recommended that a Stated Preference (SP) study be undertaken to provide
current evidence on the likely propensity of car, classic rail and air travellers to transfer to
HSR, thus requiring SP surveys with car, classic rail and air travellers who have made longdistance journeys.
The specific objectives of the SP study were to:
•
•

•
•

collect background information on a recently made long-distance journey;
in the context of that journey, provide (parameter) values for the different service
components in the mode choice modelling process that underpins the LDM
demand forecasts, including:
o values of time, and to test whether these vary differentially by mode of
travel
o cost sensitivity, and to test whether these vary by income group and
distance
o out-of-vehicle components, such as frequency, interchanges and
access/egress time
o rail service components, such as rail reliability and crowding
o whether there exists an additional preference for HSR, over classic rail,
above that which can be measured by service attributes;
quantify where HSR fits in the modal choice hierarchy;
collect background information on travellers’ socioeconomic characteristics,
attitudes and travel preferences, and quantify the impact of these on demand for
HSR.
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Sampling and Survey Approach
The stated preference choice exercises were based around a possible high-speed rail system
linking London and Scotland via the west and east coast, with a number of intermediate
stops at major cities. The survey was targeted at travellers making journeys within this
corridor so that the survey could be centred on an existing long-distance journey to
strengthen the realism of the choices considered. Respondents were making long-distance
trips for commuting, business, visiting friends or relatives (VFR) or other leisure purposes
(which when treated in combination with VFR trips are referred to as VFO) were
recruited. The sample included those currently travelling by car, rail or air.
Respondents were recruited through a number of avenues:
• Rail and car travellers were recruited through a large-scale random sample of
households where at least one household member had recently made a long-distance
journey within the relevant corridor; the subsequent surveys were undertaken using
phone-post, e-mail and internet-phone methodology.
• On-train CAPI surveys were undertaken with rail travellers.
• CAPI surveys with air travellers were undertaken at airports.
• Because of concerns that the necessary sample of car (and rail) travellers would not
be met through the household survey an additional sample of telephone numbers,
geographically representative of the British population, was purchased and used to
recruit individuals who had made long-distance journeys by car and rail within the
relevant corridor.
Quotas set for each mode were met. Table S.1 summarises the number of surveys
undertaken by each methodology, for each mode of travel.
Table S.1:

Breakdown of SP Interviews by Mode and Survey Approach
Existing mode of travel

Survey approach

Car

Rail

Air

Total

Phone
(from household survey)

838

288

1,126

Phone
(additional sample)

165

30

195

705

705

On train
At airport
Total

1,003

1,023

1,019

1,019

1,019

3,045

The SP survey inclusion criterion requiring the possibility of a sensible high-speed rail
option in the stated preference choice exercises made it difficult to recruit respondents who
were making long-distance commute trips, for example people commuting from the South
West, the South and the East to London were out of scope for the SP survey because they
were not travelling within the corridor being considered. As a result only 100 commuters
were interviewed (it is noted that commuting trips by air were defined as out of scope
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because of small numbers). Otherwise, the purpose quotas were broadly met (see Table S.2
for a breakdown of the number of interviews by mode and purpose).
Table S.2:

Breakdown of SP Interviews by Mode and Trip Purpose
Existing mode of travel
Car

Employer’s business

Total

Air

262

433

631

1,326

(26.1%)

(42.3%)

(61.9%)

(43.5%)

25

75

n/a

100

(2.5%)

(7.3%)

716

515

388

1,619

(71.4%)

(50.4%)

(38.1%)

(53.2%)

1,003

1,023

1,019

3,045

(100%)

(100%)

(100%)

(100%)

Commute

Trip purpose

Rail

VFO

Total

(3.3%)

Stated Preference Choice Exercises
Each respondent was asked to participate in two stated preference choice experiments: one
relating to choices between currently available modes for long-distance travel, and one
where an additional high-speed rail alternative was introduced with a varying level of
service.
Respondents were asked to consider all available mode choice alternatives, simultaneously,
for the journey they had been observed to make, that is a maximum of three (car, air and
classic rail) in the first experiment or four (car, air, classic rail and high-speed rail)
alternatives in the second experiment, plus an option to not make the journey.
Respondents were not presented with alternatives that were not possible for their journeys;
specifically a car alternative was not presented to respondents who did not have access to a
car and an air alternative was not presented to respondents for whom air was not a sensible
alternative.
Each mode alternative was described by the following attributes:
•

Journey time: with separate components for access and egress, wait time and invehicle time for rail and air journeys, as well as total journey time, on the basis that
reduced journey times are the main advantage of high-speed rail services, but that
access and egress times are also an important consideration with respect to the
attractiveness of high-speed rail.

•

Journey time variability: measured as ‘percentage of journeys that arrive within
10 minutes of expected arrival time’ to be consistent with statistics collected by
Train Operating Companies (TOCs), given that high-speed rail may offer
significant improvements in rail time variability (and this should be measured
directly in the stated preference choice experiments, rather than being
incorporated in the alternative-specific constant).
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•

Rail and air service frequency: on the basis that demand for high-speed rail
services may be affected by service frequency.

•

Rail interchanges: as these may impact demand for rail services.

•

Travel cost and crowding: travel costs were presented for either single or return
journeys, and for the individual or group (depending on the conditions for the
observed journey). Separate costs were presented for First and Standard class rail
services, with different levels of crowding for each.

The service levels for the observed mode were based around the respondents’ reported
service levels. Service levels for alternative modes were based around data provided from
networks. Each attribute was varied across four levels. An example of a choice scenario
from the first experiment is shown in Figure S.1; respondents were asked to consider five
different choice scenarios.
If the following options were available, which would you choose for your journey between Stockport and Paddington?

Expected travel times:
Time to get to train station / airport
Waiting time at airport
Time spent in car / train / airplane
Time to get from train station / airport
Total Travel time
Percentage of trips "on time"
(arrive within 10 mins of expected arrival time)

Car

Air

Existing rail
5 mins

3 hours 30 mins
3 hours 30 mins

15 mins
1 hour
1 hour
30 mins
2 hours 45 mins

2 hours 30 mins
5 mins
2 hours 40 mins

90% on time

90% on time

85% on time

One flight every 2 hours

One train every 20 mins

Service frequency
Interchanges

Need to make 1 interchange

Total travel cost and crowding

£37 return

£113 return
All seats will be taken

Standard class:
£88 return
You will have a seat, but others
will be standing around you
First class:
£154 return
3 in every 6 seats will be taken

Standard

Which would you use for your journey?

First

Or do not make journey

Figure S.1:

Introduction and example choice screen for Experiment 1, all existing modes

The second choice experiment presented options between existing modes and a high-speed
rail alternative. For the new HSR alternative, respondents were told what their ‘best’ HSR
station pair would be based on the minimum total HSR journey time from their given
origin and to their destination. They were then presented with the likely car and public
transport (PT) access and egress times and asked to indicate which mode they would use to
access the HSR service. The HSR in-vehicle times presented were based around a working
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assumption of an HSR operating speed of 300 km/hour, but were then varied significantly
within the stated preference choice scenarios to cover a wide range of possible travel times
and speeds.
Each respondent was presented with seven choice scenarios in the second experiment. An
example of this experiment is shown in Figure S.2
If the following options were available, which would you choose for your journey between Stockport and Paddington?

Expected travel times:
Tim e to get to train station / airport
Waiting tim e at airport
Tim e spent in car / train / airplane
Tim e to get from train station / airport
Total Travel time
Percentage of trips "on time"
(arrive within 10 m ins of expected arrival time)

Car

Air

Existing rail

15 m ins

3 hours 30 mins

15 m ins
1 hour
1 hour
30 m ins
2 hours 45 mins

5 m ins

3 hours 30 mins

2 hours 30 m ins
5 m ins
2 hours 40 mins

1 hour 10 m ins
10 m ins
1 hour 35 mins

90% on time

90% on time

85% on time

99% on time

One flight every 2 hours

One train every 20 mins

One train every 30 mins

Need to make 1 interchange

Need to make 2 interchanges

Standard class:
£88 return
You will have a seat, but others
will be standing around you

Standard class:
£130 return
4 in every 6 seats will be taken

First class:
£154 return
3 in every 6 seats will be taken

First class:
£227 return
4 in every 6 seats will be taken

Standard

Standard

First

First

Service frequency
Interchanges
Total travel cost and crowding
£37 return

£113 return
All seats will be taken

Which would you use for your journey?

High speed rail

Or do not make journey

Figure S.2:

Introduction and Example Choice Screen for Experiment 2, All Existing Modes Plus
High-speed Rail Alternative

The order of the alternatives in both experiments was varied across respondents (although
the order for each individual respondent remained the same), in order to control for
potential ordering bias in the responses. The order of the attributes was not varied between
respondents.
Because of the complexity of the experiments, direct questions were included in the survey
to examine whether respondents were able to undertake the choice experiments. Nearly all
(99.2%) of the survey respondents indicated that they were able to undertake the choice
exercises, with only 23 of the 3,045 respondents reporting problems. These 23 respondents
have been excluded from the choice modelling.
Before developing the models we examined how respondents traded between options
within the choice experiments (whether they ever switched away from their existing mode
of travel). This analysis revealed that there is a higher propensity for travellers to stay with
their existing mode of travel in the first experiment, with more trading, particularly to the
high-speed rail alternative, particularly for rail users, in the second experiment (see Table
S.3).
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Trading Exhibited by Respondents in SP Exercises
Existing mode of travel

Trading

Car

Rail

Air

Stay with existing mode in Experiment 1

67%

48%

78%

Stay with existing mode in Experiment 2

57%

15%

61%

Stay with existing mode in both experiments

53%

11%

58%

The Choice Model Results
Discrete choice models are used to gain insight into what drives the decisions that
individuals make when faced with a number of alternatives. These models are constructed
by specifying the range of alternatives that were available to the traveller, describing each of
these alternatives with a utility equation which reflects the attractiveness of the alternative
by attaching a weight to the levels of each of the attributes that were present in the choice
that they faced. Thus each term in the model is multiplied by a coefficient which reflects
the size of its impact on the decision-making process (Ben-Akiva and Lerman, 1985).
A summary of the attributes presented for each mode in the SP choice experiments is
shown in Table S.4
Table S.4:

Attributes Examined in SP Choice Experiments
Car

Time to get to train station or airport
Waiting time at airport
Time spent in car, train or airplane
Time to get from train station or airport
Percentage of trips “on time”
Service frequency
Interchanges
Crowding (rail had separate crowding by class)
Total travel cost (standard class)
Total travel cost (first class)



Air

Rail

HSR



































The SP model was set up to work with one-way trips on the basis that this most closely
corresponded to what was presented to respondents in the choice experiments (one-way
journey times were presented, along with return journey costs). Return travel costs are
therefore divided by two for the modelling so that the journey times and costs both reflect
one-way journeys.
The models have been set up to reflect choices for individuals, rather than travelling
parties, and costs reflect per person costs to maintain consistency with models being
developed in parallel to this work using revealed preference (RP) information.
Cases where the respondent has chosen the ‘not to travel’ alternative in a given scenario
have been dropped from the models. This decision led to the exclusion of only 1% of the
choice data from the model estimation, but substantially improved model run times and
model convergence while having little impact on the results.
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In the choice exercises the order of alternatives was varied between respondents to reduce
ordering bias. The models incorporated position terms to take account of any possible
ordering biases. These were not found to be statistically significant, but have been retained
to provide transparency on this aspect of the design and modelling.
Initially, separate models were estimated for long-distance commute, employer’s business
and visiting friends and relatives (VFR) and other travel. VFR and other travel were
combined at an early stage of model development on the basis that many of the terms were
not significantly different between the segments; throughout the rest of the report the
models estimated for VFR and other travel are referred to as VFO travel.
The models were initially developed using the simplified assumption that the observations
within the dataset are independent (although we know that this is not true with SP data in
which multiple responses are provided by the same respondent). However, this simplifying
assumption allows considerably shorter run times during model development and the
parameter estimates that are made are consistent, though the estimated errors are smaller
than the true errors. The final models then correctly take into account the repeated
measures nature of the SP data by applying the bootstrap re-sampling procedure to obtain
correct error estimates.
The data collected in this study have supported the estimation of models with wellestimated coefficients in which the importance of each of the relevant attributes is taken
into account. The key findings are discussed below.
Values of Time and Cost Sensitivity

The model results provide substantial evidence that sensitivity to travel cost on mode
choices varies depending on the purpose of travel, household income and the cost level
(that is the sensitivity to a unit change in cost diminishes as costs increase).
In the model estimation procedure, linear and logarithmic (damped) cost functions were
tested. The models providing the best fit to the SP data have a series of logarithmic cost
terms that vary by income indicating that those from lower income households exhibit
greater cost sensitivity than those from higher income households. With this specification
no statistically significant linear cost component was found once the repeated measures
nature of the SP data was taken in to account. This formulation does, however, bring
challenges, as it was found to lead to low demand elasticities when applied within the
wider model system. This area would benefit from further research.
We find there is evidence of differences in the disutility of travel time between modes. For
employer’s business and VFO travel we see evidence that the disutility of travelling by car,
per minute, is higher than when travelling by other modes of transport, possibly reflecting
the greater opportunities for working, reading or carrying out other activities when
travelling by train and airplane, compared with travelling by car. For commuting, the
disutility of travelling by car is less per minute than for rail and HSR, which may be a
result of higher crowding levels on commuter rail services.
It is important to recognise that the implied values of time can be influenced by differences
in the sensitivity of respondents to changes in travel time and to changes in travel cost. Of
particular note in this study are the non-linearities captured in the formulation of the cost
functions, which imply that values of time increase as journey costs increase. As a result we
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find that modes with higher mean journey costs – air and rail – have higher mean values of
time. We also see substantially higher values for time for higher income households.
In Chapter 4 we illustrate the variation in values of time by plotting the values against
journey cost. We also show the cumulative distribution of observed journey costs by mode
to provide information on observed cost levels (by mode). Values of time also vary by
household income and therefore separate plots are presented for different household
income categories.
Values Placed on Out-of-vehicle Components

From the models we can quantify the value travellers place on different service attributes.
We see values of access/egress time of between one and two times the value of in-vehicle
time. This is somewhat less than the weight recommended in the Passenger Demand
Forecasting Handbook, which recommends a weight of 2.
As anticipated, travellers attach a negative weight to interchanges, particularly those
travelling for visiting friends and relatives or other leisure, who typically have larger party
sizes (sometimes with children). It is interesting to note that the weights for these longdistance trips are not as large as those generally recommended in the Passenger Demand
Forecasting Handbook.
The models also allow a valuation of service frequency and airport wait times in values of
equivalent minutes of in-vehicle journey time.
Value of Rail Crowding and Reliability

Long-distance commuters did not respond to crowding levels in the choice exercises until
high crowding levels were presented. At this point crowding had an impact on their
choices (influencing mode or rail class choices). The resulting crowding penalty for high
crowding levels is equivalent to 19 minutes of journey time. It was not possible to discern
different crowding penalties for more crowded situations, specifically to distinguish
between conditions where others were standing or the individual was required to stand.
This may be because of the relatively small number of commute observations in the SP
survey sample.
Similarly, those travelling for employer’s business did not respond to crowding levels until
five out of six, or all seats, were taken. This level of crowding was equivalent to a 9-minute
journey time penalty. The penalties increased substantially with increased crowding levels
for business travellers. Specifically, situations where others were standing, but the
respondent had a seat, were equivalent to a 26-minute journey time penalty. Situations
where the respondent had to stand had even higher penalties: equivalent to 45 minutes of
journey time if the respondent had not planned to work and 69 minutes of journey time if
they had planned to work.
Respondents who were travelling for other leisure or to visit friends or relatives did not
respond to crowding levels until the level where they would have to stand for some of the
journey, which equated to a 77-minute journey time penalty.
We observe that service reliability is most important to long-distance commuters, valued at
nearly 2 minutes for each one-point change in the percentage of trips on time. Values from
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Summary

employer’s business and VFO are lower, around 1 minute for each percentage point
change in trips on time, but this was still a significant effect.
The Benefits of Being Able to Make a Return Journey in a Day

For long-distance business and VFO travellers we observe a large and positive constant on
modes (and to destinations) if the return journey can be made in 1 day (measured by
whether the return journey can be made in 6 hours or less), presumably because of
convenience and potential savings on overnight stays. This constant applies to all modes,
but may be of particular importance in explaining the potential for HSR to compete for
mode share for those journeys that currently have longer travel times that make a return
trip within one day difficult. This effect may have been confounded with HSR constants
in previous studies. The resulting values, in minutes of in-vehicle rail time, are presented in
Table S.5.
Table S.5:

Value of Being Able to Make a Return Journey in a Day

Purpose

Commute
Employer’s business
VFO

Value of being able to make a
return journey in a day (mins of
rail in-vehicle time)
n/a
45
77

Socio-economic Differences in Modal Preferences

We have found a number of factors that influence travellers’ propensity to choose specific
modes, over and above the differences in level of service that specific modes provide. These
are summarised in Table S.6 (a ‘+’ sign indicates traveller segments that are more likely to
use a specific mode, a ‘−’ sign indicates traveller segments that are less likely to use a
specific mode).
Table S.6:

Socio-economic Differences in Modal Preferences

HSR
Infrequently/never use rail services
Travel by rail more than once a week
Infrequently make long-distance trip
Employer pays
Don’t have luggage
Aged 16–29
Aged 45 and older
Air
Female preference for air travel
Duration 3 nights or less
Car
Travellers who use rail less than once a year or never
Aged 30–44, making journeys for ‘holiday’ or ‘other’

Employer’s
business

VFO

−
+

−
+

+
+
+
−
+
+
+
+

We do not observe any socio-economic differences in modal preferences for those making
commute journeys – this is likely to be related to the small sample for commute.
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Conclusions on HSR Mode-specific Constants

The research also provides useful insight into whether there exists an additional preference
for HSR over classic rail. The structure of the stated preference exercises allowed other
attributes (such as reliability and crowding), which may have been confounded in modespecific constants in previous studies, to be taken into account and isolated. Moreover the
more frequent use of modern rolling stock on conventional rail services means that
comfort differences can now be excluded.
The models suggest that the value placed on HSR, over and above conventional rail, differs
significantly depending on what mode of travel the respondent was using for their journey.
For rail users we find weak evidence for any value placed on the ‘HSR’ branding of the
faster train services, and any mode-switching in the SP experiment for these respondents is
a result of differences in level of service (shorter travel times outweighing higher travel
costs, with the ability to make a return in a day acting as a significant factor). For those
currently travelling by car and air we do find a positive and significant constant on HSR;
however, it is not clear to what extent this is an artefact of the SP experiment – the HSR
option may sound attractive on paper, but respondents may not accurately perceive how
this differs (or does not differ) from existing rail options.
We therefore conclude that the HSR constants estimated for the rail users are more
credible than those from other respondents, and that an additional constant on HSR over
and above that applied to conventional rail should not be included in the forecasting
models.
The Location of HSR in the Modal Choice Hierarchy

A range of nesting structures was also tested in the model development. The introduction
of these structures accounts for correlation in the error between alternatives and reflects
different substitution patterns between alternatives such that:
•

for any two alternatives that are in the same nest, the ratio of the probabilities is
independent of the attributes or existence of all other alternatives; and

•

for any two alternatives in different nests, the ratio of the probabilities can depend
on the attributes of the other alternatives in the two nests (Train, 2003).

A key issue for this study was to examine whether there are differences in substitution
between different modes. The evidence produced through this study suggests that HSR
should be modelled in the same nest as conventional rail, which is then included in a
further public transport nest with air, as shown in Figure S.3 below.
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Figure S.3:

Summary

SP Tree Structure

Within the rail alternatives there was also a consideration of class of travel. Models were
estimated to explore whether there were benefits to be gained from nesting class above or
below the rail mode (classic rail or HSR). These model tests suggested that there was no
significant gain in model fit, and the substitution patterns for the four alternatives of
standard classic rail, first class classic rail, standard HSR and first class HSR were best
represented by including all four alternatives at the same level of the nest, in a multinomial
structure, with an additional constant applied on the first class alternatives.
The evidence from this research implies that there are in principle higher cross-elasticities
between rail and HSR and between public transport modes (rail, HSR and air, where
relevant) than between public transport modes and car. However, the parameters
themselves only tell part of the story: the overall scale of the different responses will also
depend on observed market shares, availability of alternatives and so on, so the attribution
of the size of response to each specific mechanism has to be made on the basis of model
tests.
The SP models that have been developed through this study provide new important
evidence to inform the parameterisation of models that may seek to incorporate high-speed
rail as a potential new mode. The findings both update the existing evidence base, and add
some additional dimensions of sophistication to provide a more nuanced understanding of
the likely drivers of demand for HSR within the context of a hypothetical north–south
HSR service.
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Introduction

CHAPTER 1

The Department for Transport is developing a model (LDM) to predict passenger demand
for long-distance travel, which will be used to examine a number of policy interventions
including the construction of high-speed rail (HSR), together with other policies which
will influence long-distance car, rail and air demand. In the context of the LDM study,
long-distance journeys are defined as (one-way) journeys over 50 miles.
In the summer of 2008, a study was undertaken to examine the feasibility of developing a
multi-modal model of long-distance travel (Scott Wilson et al., 2008). Since then, phases 1
and 2 of model development have been undertaken, using NTS data on long-distance
travel for estimation of an interim travel demand model. In the Phase 2 study it was
recommended that a Stated Preference (SP) study be undertaken to provide current
evidence on the likely propensity of car, classic rail and air travellers to transfer to HSR, on
the basis that there is currently no comparable high-speed rail service network in the UK.
Therefore SP surveys were undertaken with car, classic rail and air travellers who have
made long-distance journeys.
The specific objectives of the SP study were to:
•

provide (parameter) values for the different service components in the mode
choice modelling process that underpins the LDM demand forecasts, including:
o

values of time, and to test whether these vary differentially by mode of
travel

o

cost sensitivities, and to test whether these vary by income group and
distance

o

out-of-vehicle components, such as frequency, interchanges, access/egress
time

o

rail service components, such as rail reliability and crowding

o

whether there exists an additional preference for HSR, over classic rail,
above that which can be measured by service attributes;

•

quantify where HSR fits in the modal choice hierarchy;

•

collect background information on a recently made long-distance journey and
background information on travellers’ socioeconomic characteristics, attitudes and
travel preferences, and quantify the impact of these on demand for HSR.
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This technical report provides an overview of the survey design and modelling work
undertaken within this study and reports the key modelling findings which should be
considered when modelling the demand for high-speed rail. Specifically:
•

Chapter 2 describes the design of the SP survey and data collection;

•

Chapter 3 sets out the strategy for developing the discrete choice models;

•

Chapter 4 describes the model findings;

•

Chapter 5 sets out the conclusions and key findings.

2

CHAPTER 2

Survey Design and Data Collection

Stated preference surveys were undertaken with respondents who had recently made a
long-distance journey in Great Britain. Long-distance journeys were defined as (one-way)
journeys over 50 miles, with both the origin and destination in Great Britain (Scott
Wilson et al., 2008).
2.1

Sampling and Survey Approach
The choice context in the stated preference survey was based on a long-distance journey
that the respondent had recently made, for either commuting, business, visiting friends or
relatives (VFR) or other leisure purposes (which together with VFR are referred to as
VFO), by car, rail or air. Coach travellers and coach were not explicitly considered in the
survey, because of the low coach share (approximately 5% of trips) in the long-distance
travel market and because it was not considered as a direct competitor of high-speed rail.
Sample quotas were set by journey purpose and journey mode, with the intention of
collecting 3,000 stated preference surveys: 1,000 surveys by car, classic rail and air.
Purpose quotas were specified for each mode and are presented in Table 2.1 to ensure an
adequate representation of modes for each journey purpose.
Table 2.1:
Mode

Stated Preference Survey Quotas by Journey Purpose and Mode
Commute

Business

VFO

Car

250

250

500

Rail

200

400

400

Air

n/a

400

600

One-third of rail travellers travelling for business were recruited from First Class carriages.
During the surveys few commuters who made journeys of 50 miles or more were found for
whom the high-speed rail feasible would be attractive (for more details see Section 2.1.4)
so the quotas for commute travel by all modes were not met. For more details on the
obtained sample see Section 2.4.
2.1.1

Recruitment from the Household Survey of Long-distance Travel

As part of the wider study a survey of 10,000 households was being undertaken to collect a
household dataset on long-distance trip making. This survey provided a valuable sample
frame from which to draw a sample for the stated preference surveys, as it was based on a
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large scale random sample of households (and was not prone to the errors of over sampling
frequent travellers, which is a concern for choice-based sampling methods).
The household survey was particularly valuable for providing observations of car journeys,
which account for over 80% of all long-distance (Scott Wilson et al., 2008) and which are
difficult to intercept for interview. There were concerns about whether the full car sample
could be obtained from the sample, when response rates for participating in the further SP
survey and further inclusion criteria (see below) were considered. It was therefore decided
to purchase an additional sample of telephone numbers, which was structured so that it
geographically represented the population of Great Britain as shown in the 2001 Census.
From this additional sample contacts were made to identify individuals who had made
long-distance journeys by car (and subsequently also by rail).
It was judged that the household sample would not provide a large enough sample of rail
or air travellers, on the basis that rail travellers account for around 10% of all long-distance
travel and air travellers less than 1% of all long-distance travel (Scott Wilson et al., 2008).
We therefore aimed to use the household survey to recruit half of the rail users, with the
other half of the sample being obtained through choice-based sampling of rail travellers on
trains. All air travellers were recruited at airports. Rail and air travellers who were
interviewed while making their journey were interviewed using computer-assisted personal
interview (CAPI) surveys.
The stated preference surveys with those who could be recruited from the household
survey (or from the additional telephone sample) were undertaken using a phone–post–
phone approach. This entailed phoning participants from the sample frame, gaining their
agreement to participate in the survey, and asking some basic background questions about
their previous long-distance trip making to allow customised SP choice exercises to be
generated. These SP exercises were then sent to the respondent, either by e-mail with a
hyperlink to a website, or in hardcopy by post, and followed up with a second phase of a
telephone interview to undertake the SP choices and answer additional questions around
attitudes to HSR and provide additional socio-economic data. To maximise response rates,
respondents who completed a stated preference survey were given a £5 voucher in
appreciation of their time and effort.
2.1.2

On-train Surveys

On-train surveys were conducted with laptop computers on the following trains:
•

Virgin West Coast Mainline (London–Glasgow)

•

Virgin West Coast Mainline (London–Manchester)

•

Cross Country Route (Reading–Edinburgh)

•

East Coast Mainline (London–Edinburgh)

•

East Midlands Trains (London–Leeds, via Sheffield).

Incentives were not considered necessary for those recruited and interviewed while making
journeys on trains (so they were not offered). For further details on the survey
methodology see the final report produced by Accent.
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2.1.3

Survey design and data collection

Air Surveys

Quotas were set for interviews with domestic air travellers at the following airports:
•

•

BAA airports:
o

Heathrow

300 interviews

o

Gatwick

200 interviews

o

Glasgow

125 interviews

o

Edinburgh

125 interviews

Manchester airport

250 interviews

All surveys at airports had to be undertaken by airport staff as required by the airport
operators.
2.1.4

Sampling Respondents for whom High-speed Rail was Appropriate

On the basis of discussions with DfT, it was agreed that the hypothetical high-speed rail
option presented in the stated preference surveys would be based around a possible highspeed rail system linking London and Scotland via the west and east coast. For the
purposes of this exercise a hypothetical network was defined with stations at: Glasgow,
Edinburgh, Newcastle, Darlington, Leeds, Sheffield, Nottingham, London, Birmingham,
Manchester, Liverpool and Carlisle.
Respondents from the household survey were deemed eligible for inclusion in the survey if
they would be offered sensible high-speed rail options in the stated preference choice
exercises. The specific test undertaken to indicate whether the respondent’s journey was inscope for the survey was that the respondent’s journey by HSR should be quicker when the
HSR was used for part of the journey than if it was not used at all (access to an HSR
station and then egress from the same station straight to their destination). This criterion
indicated that 70% of all district origin–destination pairs would be considered in scope for
the survey, but ensured that respondents would be presented with options that retained an
appropriate level of realism.
The choice exercises for respondents who were recruited through the household surveys
were tailored around a specific journey reported in that survey.
2.2

Stated Preference Survey Structure
A stated preference questionnaire was developed, which contained a number of distinct
sections:
•

Section 1 collected information required for recruitment, for example whether the
respondent had been recruited through the household surveys, or was being
interviewed on a train or at an airport, information on purposes for quotas, and so
on.

•

Section 2 collected information on a previously identified recent long-distance
journey. For respondents recruited through the household surveys, this
information was transferred directly from that survey. For respondents recruited
on trains or at airports, information was collected on the journey origin and
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destination (through zone maps) and the mode used for the journey. In addition,
detailed information on the journey characteristics for the mode used was
collected.
Car users provided information on:
o

car journey time, including rest breaks and delays, but not including
intermediate stops for other leisure activities

o

car costs, based on distance information and car cost information
provided to the respondent, and including parking and tolls.

Rail users provided information on:
o

access and egress modes and times

o

wait time at the station

o

delays

o

rail in-vehicle time

o

number of interchanges

o

train frequency

o

ticket type and total fare by rail.

Air users provided information on:
o

access and egress modes and times

o

wait time at airport

o

delays

o

scheduled flight time

o

flight frequency

o

total air travel cost.

Information was also collected on the purpose of the journey, the size of travelling
party (including numbers of adults and children), and number of nights that the
respondent would be away.
•

Section 3 asked respondents to consider how their mode choices might change
given hypothetical changes in their travel conditions, for example if congestion
was worse and car journey times were higher, if petrol costs changed, or if public
transport fares or travel times changed. They were then asked to consider a
sequence of stated preference choices where they could choose between currently
available modes.

•

Section 4 then introduced respondents to the concept of a high-speed rail
alternative and asked them to consider a further sequence of stated preference
choices where they could choose between currently available modes (again with
changing service levels) and a new HSR alternative.
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•

Section 5 contained a series of diagnostic questions to assess the respondent’s
understanding of the choice experiments.

•

Section 6 collected attitudinal information on the respondent’s perception and use
of rail services.

•

Section 7 collected socio-economic information about respondents who had not
been recruited through the household surveys (socio-economic information for
those recruited through the household survey was transferred directly from that
survey). This section included questions to collect information on:
o

age

o

gender

o

employment status

o

whether work involves making regular business trips

o

personal income (gross, before deductions for tax and National Insurance)

o

household income (gross, before deductions for tax and National
Insurance)

o

number of adults in the household

o

number of children under the age of 16 who live in the household

o

number of vehicles owned by the household (cars, vans and motorcycles).

The wording of the socio-economic questions in the SP survey was designed to be
consistent with that of the questions collected in the household survey to ensure the data
could be pooled in analysis.
The survey was designed to be of a length that could typically be completed in 20 minutes.
2.3

Stated Preference Choice Experiments
Each respondent was asked to participate in two stated preference choice experiments, one
relating to choices between currently available modes for long-distance travel, and one
where an additional high-speed rail alternative was introduced with varying levels of
service. The first experiment, without the high-speed rail alternative, provided information
on the value of service attributes on choices, as well as the nesting hierarchy for currently
available modes. It also provided respondents with an opportunity to become familiar with
the choice experiments, before the introduction of a further mode choice alternative –
high-speed rail.
In specifying the experiments it was recognised that one of the key issues in the design of
the stated preference surveys was the number of alternatives that would be considered by
respondents in the choice exercises. The issue was one of presenting all of the information
that may be considered by travellers and maximising the information collected from each
respondent (for example by presenting information on all modes of travel) versus the
burden on respondents, which can affect response rates and data quality.
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After much discussion within the team, it was decided to ask respondents to consider all
available mode choice alternatives for their journey simultaneously: a maximum of three
(car, air and classic rail) or four (car, air, classic rail and high-speed rail) alternatives, plus
an option to not make the journey. Respondents were not presented with alternatives that
were not possible for their journeys; specifically, a car alternative was not presented to
respondents who did not have access to a car and an air alternative was not presented to
respondents for whom air was not a reasonable alternative. The information burden was
one of the aspects examined in the pilot survey analysis (see Section 2.3.1 for details).
Each mode alternative was described by the following attributes:
•

Journey time: with separate components for access and egress, wait time and invehicle time for rail and air journeys, as well as total journey time, on the basis that
reduced journey times are the main advantage of high-speed rail services, but that
access and egress times are also an important consideration with respect to the
attractiveness of high-speed rail.

•

journey time variability: measured as ‘percentage of journeys that arrive within
10 minutes of expected arrival time’ to be consistent with statistics collected by
train operating companies (TOCs), again on the basis that high-speed rail may
offer significant improvements in rail time variability (and that this should be
measured directly in the stated preference choice experiments, rather than being
incorporated in the alternative-specific constant).

•

Rail and air service frequency: on the basis that demand for high-speed rail
services may be affected by service frequency.

•

Rail interchanges: on the basis that these may impact demand for rail services.

•

Travel cost and crowding: travel costs were presented for either single or return
journeys, and for the individual or group (depending on the conditions for the
observed journey). Separate costs were presented for First and Standard class rail
services, with different levels of crowding for each; crowding levels were described
in a simple manner (see the table of levels below).

The service levels for the observed mode used for the journey were based around
respondents’ reported service levels. Service levels for alternative modes were provided by
network data provided by Scott Wilson.
Each attribute was varied across four levels, as summarised in Table 2.2:
Attributes and
Levels for the SP Choice Experiments. . Attribute levels in italics are those for which the
levels do not vary across origin and destination pairs. All other attributes have levels
defined relative to origin and destination specific values, which are based on reported or
imported level-of-service information.
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Table 2.2:

Survey design and data collection

Attributes and Levels for the SP Choice Experiments
SP alternative
Level
Car

Attribute
Time to get to train
station or airport

Waiting time at
airport

Time spent in car,
train or airplane

Time to get from train
station or airport
Percentage of trips
"on time" (arrive
within 10 mins of
expected arrival time)

Service frequency

Interchanges

1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1

Existing * 0.75
Existing * 1.00
Existing * 1.25
Existing * 1.50

60%
75%
90%
95%

Rail

HSR

Existing * 0.75
Existing * 1.00
Existing * 1.25
Existing * 1.50
30 mins
1 hour
1 hour 30 mins
2 hours
Existing * 0.70
Existing * 0.85
Existing * 1.00
Existing * 1.25
Existing * 0.75
Existing * 1.00
Existing * 1.25
Existing * 1.50
60%
75%
90%
95%
Headway * 2.0
Headway * 1.5
Headway * 1.0
Headway * 0.5

Existing * 0.75
Existing * 1.00
Existing * 1.25
Existing * 1.50

Predicted * 0.75
Predicted * 1.00
Predicted * 1.25
Predicted * 1.50

Existing * 0.75
Existing * 1.00
Existing * 1.25
Existing * 1.50
Existing * 0.75
Existing * 1.00
Existing * 1.25
Existing * 1.50
75%
85%
90%
95%
Headway * 2.0
Headway * 1.5
Headway * 1.0
Headway * 0.5
Max(current−1, 0)
Current
Current
Current + 1
3 in every 6 seats
will be taken
5 in every 6 seats
will be taken
You will have a
seat, but others
will be standing
around you
You won't have a
seat and will have
to stand for some
of the journey
Existing * 0.8
Existing * 1.0
Existing * 1.2
Existing * 1.5
0.50
1.00
1.25

Predicted * 1.0
Predicted * 1.1
Predicted * 1.3
Predicted * 1.5
Predicted * 0.75
Predicted * 1.00
Predicted * 1.25
Predicted * 1.50
93%
95%
97%
99%
A train every hour
A train every 30 mins
A train every 20 mins
A train every 15 mins
Max(current−2, 0)
Max(current−1, 0)
Current
Current + 1
3 in every 6 seats will
be taken
4 in every 6 seats will
be taken

3 in every 6 seats
will be taken
4 in every 6 seats
will be taken

2
Crowding (Standard
and First class) [see
note]

Air

3
5 in every 6 seats
will be taken
4
All seats will be
taken

Total travel cost
(Standard Class)

1
2
3
4
1
2
3
4

Existing * 1.0
Existing * 1.5
Existing * 2.0
Existing * 2.5

Existing * 0.8
Existing * 1.0
Existing * 1.2
Existing * 1.5

5 in every 6 seats will
be taken

All seats will be taken
Rail * 1.0
Rail * 1.2
Rail * 1.4
Rail * 1.6
0.50
1.00
1.25

Total travel cost (First
class)
Multiplier applied in
addition to existing
1.50
1.50
1st multipliers
Note: crowding levels are specified independently for standard and first class, with no constraint applied as carriage allocation can result
in First class having higher levels of crowding on some routes.
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The SP scenarios were derived from a statistical experimental design. The designs for each
variant of the experiments have been specified to be orthogonal in attribute levels, with
orthogonal blocking to split the design into blocks for presentation to different
respondents. In addition, the choices for each individual were pivoted around their own
specific level of service providing customisation of choices for each respondent.
In the main survey respondents were presented with five choice scenarios in the first
experiment, which included only existing modes, and seven choice scenarios in the second
experiment including existing modes and high-speed rail. A slightly higher number of
choices (nine) were originally tested for the second experiment in the pilot, but this was
reduced for the main survey to reduce the duration of the interviews. See Figures 2.1 and
2.2.
The first choice experiment presented choices between existing (and available) alternatives.
The introduction and an example choice screen are presented below (note that text
between # signs indicates places where the text was tailored to reflect information from the
respondents’ observed journey).

We would now like you to consider that journey that you have made between
#QORIGIN# and #QDEST# by #HMODE# for #HPURPOSE#, and to consider what
choice of mode you would have made if the conditions of travel changed, for
example if congestion was worse and car journey times were higher, or if petrol
costs change, or if rail or air fares or travel times change.
We will present you with 5 hypothetical choice scenarios, where the characteristics
of each mode of travel are presented. We would like you to carefully consider each
of the choices, and thinking about the journey you made, #TEMPGTEXT# indicate
which choice you would have made. If you decide that, on the basis of the factors
presented, you would have chosen not to make the journey, please choose the
'neither' option.
I would like to emphasise that there is no right or wrong answer, so please consider
the information for each option carefully and select the option that you would have
chosen.
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Survey design and data collection

If the following options were available, which would you choose for your journey between Stockport and Paddington?

Expected travel times:
Time to get to train station / airport
Waiting time at airport
Time spent in car / train / airplane
Time to get from train station / airport
Total Travel time
Percentage of trips "on time"
(arrive within 10 mins of expected arrival time)

Car

Air

Existing rail
5 mins

3 hours 30 mins
3 hours 30 mins

15 mins
1 hour
1 hour
30 mins
2 hours 45 mins

2 hours 30 mins
5 mins
2 hours 40 mins

90% on time

90% on time

85% on time

One flight every 2 hours

One train every 20 mins

Service frequency
Interchanges

Need to make 1 interchange

Total travel cost and crowding

£37 return

£113 return
All seats will be taken

Standard class:
£88 return
You will have a seat, but others
will be standing around you
First class:
£154 return
3 in every 6 seats will be taken

Standard

Which would you use for your journey?

First

Or do not make journey

Figure 2.1:

Introduction and Example Choice Screen for Experiment 1, All Existing Modes

The second choice experiment presented choices between existing (and available)
alternatives and a high-speed rail alternative. When considering the new HSR alternative,
respondents were informed of the best HSR stations for them to access the network (based
on the minimum total HSR journey time for their given origin and destination district
pair) and were presented with the car and public transport (PT) access and egress times.
They were then asked to indicate which mode they would use to access the HSR service.
The HSR in-vehicle times presented were based on a working assumption of an HSR
operating speed of 300 km/hour, but were then varied significantly within the stated
preference choice scenarios to cover a wide range of possible travel times and speeds.
The introduction and an example choice screen for the second experiment are presented
below.
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So far in this survey we have discussed the transport options currently available to
you when you made your long distance trip and the choices that you would make if
different aspects of these were to change in the future.
We would now like you to consider the choice that you would have made if a highspeed rail alternative were also available. A high speed rail service could offer
significant journey time savings and would typically be more reliable than existing
inter-city train services, but you may need to travel by car or an existing public
transport service to connect with the service. The trains running on the route would
run more quickly than current trains in Britain, but the carriages are likely to be
similar inside to the existing Eurostar and newest intercity trains. Within the
carriages, power points for laptops and high speed wireless internet would be
available.
Thinking about your current long distance journey, I would like you to imagine a
service where you could now join a high speed train near #QHORIGIN# which
would then take you close to #QHDEST#.
We estimate that you could reach the high speed rail station near #QHORIGIN# in
approximately #CARHSRACCESSTIME# by car or #PTHSRACCESSTIME# by
existing public transport services. If you were to imagine using such a service, how
would you travel to the high speed rail station?
1. Access service by car (either by driving, getting a lift or taking a taxi)
2. Access service by public transport
From the high speed rail station near #QHDEST# we estimate that it would take
approximately #CARHSREGRESSTIME# by car or #PTHSREGRESSTIME# by
public transport to get to your final destination. Again, if you were to imagine using
the high-speed rail service, how would you travel from the high speed rail station
near #QHDEST# to your final destination?
1. Travel to destination by car (either by driving, getting a lift or taking a taxi)
2. Travel to destination by public transport
We will now present you with choices similar to the previous choices but with a new
high speed rail option included as well.
In the following hypothetical choice scenarios, the characteristics of each mode of
travel are presented. We would like you to carefully consider each of the choices,
and thinking about the journey you made, #TEMPGTEXT# indicate which choice
you would have made. If you decide that, on the basis of the factors presented, you
would have chosen not to make the journey, please choose the 'neither' option.
I would like to emphasise that there is no right or wrong answer, so please consider
the information for each option carefully and select the option that you would have
chosen.
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Survey design and data collection

If the following options were available, which would you choose for your journey between Stockport and Paddington?

Expected travel times:
Time to get to train s tation / airport
Waiting time at airport
Time spent in car / train / airplane
Time to get from train station / airport
Total Travel time
Percentage of trips "on time"
(arrive within 10 mins of expected arrival time)

Car

Air

Existing rail

High speed rail

5 mins

15 mins

3 hours 30 mins
3 hours 30 mins

15 mins
1 hour
1 hour
30 mins
2 hours 45 mins

2 hours 30 mins
5 mins
2 hours 40 mins

1 hour 10 mins
10 mins
1 hour 35 mins

90% on time

90% on time

85% on time

99% on time

One flight every 2 hours

One train every 20 mins

One train every 30 mins

Need to make 1 interchange

Need to make 2 interchanges

Standard class:
£88 return
You will have a seat, but others
will be standing around you

Standard class:
£130 return
4 in every 6 seats will be taken

First class:
£154 return
3 in every 6 seats will be taken

First class:
£227 return
4 in every 6 seats will be taken

Service frequency
Interchanges
Total travel cost and crowding
£37 return

£113 return
All seats will be taken

Which would you use for your journey?

Standard

Standard

First

First

Or do not make journey

Figure 2.2:

Introduction and Example Choice Screen for Experiment 2, All Existing Modes Plus
High-speed Rail Alternative

It is noteworthy that the order of the alternatives in both experiments was varied across
respondents (although the order for each individual respondent remained the same), in
order to control for potential ordering bias in the responses. The order of the attributes
were not varied between respondents as this was considered to be of a lesser concern than
any potential left–right biases in the choice of mode, which otherwise would have been
confounded with the mode-specific constants.
2.3.1

Stated Preference Choice Experiments

Pilot surveys were undertaken for all survey methodologies, as described below.
Air Surveys

Two rounds of pilot surveys were undertaken. The first pilot was undertaken on 27 and 28
October 2009, with the aim of collecting a sample of 50 respondents over two days.
However, only 27 surveys were completed. Analysis of the data indicated that the surveys
were broadly working as expected. The airport interviewers requested that the length of the
survey be reduced in order to obtain more respondents, and therefore the number of
survey responses was reduced in the second exercise (from nine to seven choice scenarios).
A second pilot was undertaken in November 2009 and the survey times were reduced from
an average of 17 minutes to 15 minutes. BAA staff revised their costings on the basis of the
second pilot survey.
Rail Surveys

Pilot surveys were undertaken with on-train travellers on 29–31 October 2009. The target
was to achieve a sample of 50 respondents, split between recruiting on train and from the
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household survey. Following the three afternoons of on-train interviewing, 30 completed
SP interviews were obtained.
Telephone Surveys

As a result of early difficulties in recruiting these respondents from the household surveys,
the pilot survey target for the telephone interviews was reduced to 20 respondents. These
surveys were undertaken between 30 October and 12 November 2009. Of the 20
respondents interviewed, 12 were interviewed about long-distance car journeys and 8
about long-distance rail journeys.
Findings

The findings from the pilot surveys were broadly the same across the different survey
methodologies:
All surveys indicated that the survey instrument was broadly working as intended.

•

The average survey duration was 20 minutes, meeting the original target specified;
however, it was decided to reduce the number of choice scenarios in the second
experiment (from nine to seven) in order to reduce the average survey time, in a
bid to increase survey response rates (particularly for air travellers).

•

No issues of understanding of the choice experiments were flagged by respondents
or interviewers, so it was judged that respondents were able to undertake the
experiments and no substantial redesign of the experiments, or specification of
attributes or levels, was required. However, an amendment was made to the
specification and presentation of interchanges for the HSR alternative in order to
improve the credibility of some of the HSR alternatives presented to respondents.

•

A number of minor coding errors in the background questions were required and
made for the main survey.

Overview of the Main Stated Choice Data
The main surveys were undertaken in December 2009 and January 2010 providing 3,045
completed SP interviews. The distribution of interviews by mode and survey method is
shown in Table 2.3.
Table 2.3:

Breakdown of SP Interviews by Mode and Survey Approach
Existing mode of travel
Car

Survey approach

2.4

•

Rail

Air

Total

Phone
(from household survey)

838

288

1,126

Phone
(additional sample)

165

30

195

705

705

On train
At airport
Total

1,003

14

1,023

1,019

1,019

1,019

3,045

RAND Europe

Survey design and data collection

As anticipated, it was difficult to recruit respondents making long-distance commute trips
on routes that met the criteria for an attractive HSR alternative, and as a result only 100
commuters were interviewed (commuting trips by air were defined as out of scope from
the start because of small numbers). The breakdown of SP interviews by mode and trip
purpose is shown in Table 2.3.
Table 2.4:

Breakdown of SP Interviews by Mode and Trip Purpose
Existing mode of travel
Car

Trip purpose

Employer’s business

Rail

Total

Air

262
(26.1%)

433
(42.3%)

631
(61.9%)

1,326
(43.5%)

25
(2.5%)

75
(7.3%)

n/a

100
(3.3%)

VFO

716
(71.4%)

515
(50.4%)

388
(38.1%)

1,619
(53.2%)

Total

1,003
(100%)

1,023
(100%)

1,019
(100%)

3,045
(100%)

Commute

The proposed quotas are shown in Table 2.1. The intention was that the sample would
seek to collect data from up to 25% of car user respondents travelling for both commute
and business, with the rest travelling for leisure; we would seek to collect 20% of the data
from rail user respondents travelling for commute, 40% for business and 40% for leisure;
and we would seek to collect data from 40% air user respondents travelling for business
and 60% travelling for leisure. However, the geographic scope of the SP surveys changed
significantly during the course of the study, with a focus placed on a potential north–south
HSR corridor. This impacted on the number of long-distance commute trips that would
be in scope (most commute trips from the South East to London fell out of scope). The
sample therefore contains fewer long-distance commute trips than was originally envisaged
and business and VFO samples were increased to compensate.
Although the SP experiments were complex, background data collected in the survey
suggests that respondents were able to undertake the exercises. Specifically, 99.2% of
respondents responded positively to the question ‘Were you able to compare the different
choices that were presented to you?’ with only 23 of the 3,045 respondents reporting
problems. Of these, 11 found the task complicated, 2 stated they needed more time, 6
didn’t appear to understand the hypothetical aspect of the exercise, 2 wanted a different
HSR station from the one offered, and 5 found that the choices did not fit their situation.
We excluded these 23 respondents from the estimation of the choice models on the basis
that they formed a small proportion of the sample but could have less coherent or more
extreme responses, which could bias the model estimation.
Within the survey, each respondent was asked to participate in two SP exercises: around
current and available mode choices (labelled SP1), and including HSR as an alternative
mode (labelled SP2). We examined how respondents traded between options within the
choice experiments (whether they ever switched away from their existing mode of travel).
This analysis reveals that there was a significantly higher propensity for those travelling by
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rail to switch to other modes than for those travelling by car or air to switch to other
modes, and this was particularly pronounced in the second experiment when HSR is
introduced. The levels of non-trading on car and air are both quite high (see Table.2.5)
suggesting that it will be important to consider whether there is a higher propensity to stay
with these modes (once the level of service differences have been taken into account) in the
model specification.
Table.2.5:

Trading Exhibited by Respondents in SP Exercises
Existing mode of travel

Trading

Car

Rail

Air

Stay with existing mode in Experiment 1

67%

48%

78%

Stay with existing mode in Experiment 2

57%

15%

61%

Stay with existing mode in both experiments

53%

11%

58%

The first choice scenarios presented to each respondent in the first and second SP
experiments were set up as ‘pseudo RP’ choices. In these choice scenarios the level of
service of the existing mode was set to the respondents’ reported values, and the level of
service of the alternative existing modes was set to reflect the best approximation of the
current situation. In the first choice scenario of the second SP experiment the service levels
for HSR reflected the best approximation of a feasible HSR scenario with levels consistent
with its representation in the current model. The data from this choice provided some
initial insight into the likely switching to HSR by mode and purpose (see Table 2.6). From
this analysis we see that rail users were much more likely to indicate that they would switch
to high-speed rail services, particularly when travelling for employer’s business, followed by
air travellers and then car travellers. It should be noted that this is a simple report of the
frequency with which HSR was chosen in the scenario as constructed; more detailed
insights are available from the mode choice model reported in later chapters of this report.
Table 2.6:

Reported Switching to HSR in First Choice Scenario in SP2
Existing mode of travel

Trip purpose

Car

Rail

Air

Total

Employer’s business

13%

50%

17%

27%

Commute

12%

39%

n/a

32%

VFO

10%

41%

24%

23%

Total

11%

44%

20%

20%

Further details of the characteristics of the SP survey sample are provided in the Accent SP
survey report (Accent, 2010).
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CHAPTER 3

3.1

Model Development

Introduction to Discrete Choice Models
Discrete choice models are used to gain insight into what drives the decisions that
individuals make when faced with a number of alternatives. These models are constructed
by specifying the range of alternatives that were available to the decision maker, and
describing each of these alternatives with a utility equation which reflects the levels of each
of the attributes that were present in the choice they faced. Each term in the model is
multiplied by a coefficient which reflects the size of its impact on the decision-making
process (Ben-Akiva and Lerman, 1985; Train, 2003).
The model coefficients are estimated in the model estimation procedure. The model is
based on the assumption that each respondent chooses the alternative that provides him or
her with the highest utility. An error term is included on each utility function to reflect
unobservable factors in the individual’s utility. The estimation can therefore be conducted
within the framework of random utility theory, accounting for the fact that the analyst has
only imperfect insight into the utility functions of the respondents.
The most popular and widely available estimation procedure is logit analysis, which
assumes that the error terms on the utilities are independently, identically distributed
extreme-value variables. The estimation procedure produces estimates of the model
coefficients, such that the choices made by the respondents are best represented. The
standard statistical criterion of Maximum Likelihood is used to define best fit. The model
estimation provides both the values of the coefficients (in utility terms) and information on
the statistical significance of the coefficients.
Additional terms and non-linear variations in the variables can be added to these utility
functions, with the testing of the appropriate forms for the utility functions being an
important part of the model specification process. By examining different functional forms
we can investigate whether different groups of respondents place different values on the
attributes in the choices, and can also test whether certain groups of respondents are more
likely to systematically choose one alternative over another, which in the case of this study
would indicate a preference for a given mode over and above the differences that can be
explained by the level of service.
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Overview of Attributes Examined Within the Choice Experiments
A summary of the attributes presented for each mode in the SP choice experiments is
shown in Table 3.1 (a detailed description of the attributes and levels was presented in
Table 2.2). These formed the basis for the level-of-service terms included in the utility
functions in the choice models estimated from the SP data.
Table 3.1:

Attributes Examined in SP Choice Experiments
Car

Time to get to train station or airport
Waiting time at airport
Time spent in car, train or airplane
Time to get from train station or airport
Percentage of trips "on time"
Service frequency
Interchanges
Crowding (rail had separate crowding by class)
Total travel cost (standard class)
Total travel cost (first class)

3.3





Air

Rail

HSR

































Modelling Conventions Adopted
The SP model was set up to work with one-way trips on the basis that this most closely
corresponded to what was presented to respondents in the choice experiments (one-way
journey times were presented, along with return journey costs). Return travel costs are
therefore divided by two so that the journey times and costs both reflect one-way
journeys.1 This does not affect the relative value of the time and cost coefficients, for
example values of time, but does require care in the application of the models as other
coefficients also relate to the one-way trip.
The models have been set up to reflect choices for individuals, rather than travelling
parties, and costs reflect per person costs to maintain consistency with the RP models.
We have dropped any cases where respondents indicated that they would not choose to
travel in the presented scenario, because this substantially improved run times and model
convergence. In practice this had little impact on the results as it led to the exclusion of
only 1% of the choice data from the model estimation.
In the choice exercises the order of alternatives was varied between respondents to reduce
ordering bias. The models therefore incorporated terms to take account of any possible
ordering biases. These were not found to be statistically significant, but have been retained
to provide transparency on this aspect of the design and modelling.
The models have been developed using the simplified assumption that the observations
within the dataset are independent (although we know that this is not true with SP data in
which multiple responses are provided by the same respondent). This simplifying

1

This is different from the RP models also being developed in parallel with this work, which use round trip
times and costs throughout.
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assumption allows considerably shorter run times during model development. The final
models take into account the repeated measures nature of the SP data, that is that
successive choices by a single individual are not independent, by applying the bootstrap resampling procedure (see Section 3.4.10 for details).
Separate models were estimated for long-distance commute, employer’s business and
visiting friends and relatives (VFR) and other travel. VFR and other travel were combined
at an early stage of model development on the basis that many of the terms were not
significantly different between the segments; throughout the rest of the report the models
estimated for VFR and other travel combined are referred to as VFO travel.
3.4

Steps in Model Development
The models developed from the stated choice data are all logit choice models. Initially
multinomial logit models were set up pooling the data from each experiment and allowing
the variance of the (unexplained) error term associated with each dataset to differ (labelled
as SP1scale and SP2scale) (Bradley and Daly, 1991). The data from the first experiment
were used as the reference point, and the scale relating to the second experiment was
estimated relative to this. A number of tests were then undertaken looking at such issues as
nesting structures, cost sensitivity, non-linearities in journey time evaluation, inertia, and
so on. These issues are discussed in more detail in the following sections.
3.4.1

Modelling Different Substitution Patterns Between Alternatives

One of the first areas for model development was the testing of nesting structures. The
introduction of these structures accounts for correlation in the error between alternatives
and reflects different substitution patterns between alternatives such that:
•

for any two alternatives that are in the same nest, the ratio of the probabilities is
independent of the attributes or existence of all other alternatives; and

•

for any two alternatives in different nests, the ratio of the probabilities can depend
on the attributes of the other alternatives in the two nests (Train, 2003).

A key issue for this study was to examine whether there are differences in substitution
between different modes. We have therefore developed models that allow different levels of
nesting and explored a wide range of specifications to determine the most appropriate
nesting structure for the models. The final tree structure is shown in Figure 3.1.
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SP Tree Structure

The nesting structure allows higher cross-elasticities between rail and HSR and between
public transport modes (rail, HSR and air, where relevant) than between public transport
modes and car.
Within the rail alternatives there was also a consideration of class of travel. Models were
estimated to explore whether there were benefits to be gained from nesting class above or
below the rail mode (classic rail or HSR). These model tests suggested there was no
significant gain in model fit, and the substitution patterns for the four alternatives of
standard classic rail, first class classic rail, standard HSR and first class HSR were best
represented by including all four alternatives at the same level of the nest (with an
additional constant applied on the first class alternatives).
3.4.2

Examining Cost Sensitivity

All costs have been converted to 2008 prices, for consistency with revealed preference
models being developed in parallel to the SP models.
Costs for the travel group were presented in the choice experiments. A series of tests were
undertaken to determine how best to formulate the costs. On the basis of these tests, and
for consistency with the RP models, we have used the costs for individuals in the models.
To achieve this we have divided the group costs by the group size, but have given children
half the weight of the adults, assuming that they are only viewed as contributing half the
cost of an adult (following the convention developed in the RP model development).
The initial models were set up with a linear cost term, which was assumed to be generic
across all modes. However, recent evidence suggests substantial evidence of a cost damping
effect, which we have tested through the use of a logarithmic cost formulation (Daly,
2010). We have undertaken tests examining the influence of linear cost, logarithmic cost
and combinations of linear and logarithmic formulations on model fit.
When both linear and log-cost terms are present the implied values of time for each mode
vary according to the cost of the tour, as shown by the following formula:
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VOT =

Model development

∂V / ∂Time
=
∂V / ∂Cost

βTime
β
βCost + LogCost
Cost

where:
V is the utility function of the mode in question
βTime is the in-vehicle time parameter for the mode in question
βCost is the linear cost parameter
βLogCost is the log cost parameter.
In addition, a series of tests were undertaken to explore the influence of household income
on cost sensitivity. The models providing the best fit to the SP data have a series of log cost
terms that vary by income indicating that those from lower income households exhibit
greater cost damping than those from higher income households. However, with this
specification no statistically significant linear cost component was found once the repeated
measures nature of the SP data was taken into account. This has implications for the
resulting cost elasticities. Therefore a number of other model formulations have been
estimated, which while providing a slightly poorer fit to the SP data were informative for
the development of the RP choice model. These are reported in Appendix A.
3.4.3

Testing for Non-linear Journey Time Sensitivity

The models developed from the SP data include mode-specific estimates of in-vehicle time,
to allow for differences in the perception of comfort and ability to utilise the travel time on
different modes. In addition the models also include mode-specific constants to capture
unexplained preferences for each mode additional to that explained explicitly by the service
characteristics (these ensure that the mode shares are exactly replicated).
The initial models included linear time terms to represent the disutility placed on
increasing in-vehicle times for each mode. However, in the model development tests have
also been undertaken using non-linear formulations for measuring sensitivity of in-vehicle
time. These have not in general resulted in significant improvements in model fit. The one
exception is for employer’s business where we found some evidence that a linear and
logarithmic in-vehicle time formulation for rail (but not HSR) provided a small but
statistically significant improvement in fit. Given that the improvement in fit was relatively
small, and that a logarithmic time term on a single mode for a single purpose introduces
inconsistency across purposes, and the complication that this term introduces in
interpreting the impact of the formulation on values of time, the decision has been taken
to retain the simpler linear in-vehicle time specification.
3.4.4

Influence of Trip Length on Attractiveness of HSR

The basic model specification contains an HSR constant, measured incrementally relative
to the classic rail constant. We have also tested specifications where the HSR constant is
interacted with trip length to reflect that HSR may be more attractive for longer trips.
These tests found no clear trend, although the analysis is complicated by the high degree of
correlation between trip length and HSR journey time. It was therefore judged that it is
not appropriate to formulate the HSR constant in this way with the dataset available for
the estimation of these models.
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Investigating whether there is a Threshold in Journey Time

One of the principal advantages of HSR is the potential reduction in journey times, and it
could be hypothesised that travellers would be more likely to use HSR services if they were
more able to make their return journey in a single day. We tested the importance of the
ability to make a return journey in a day by adding an additional constant to any mode
when the return journey time (access time + wait time + in-vehicle time + egress time, for
both the outward and return journey) would be less than a given threshold value. This was
therefore modelled as an effect that was independent of mode, although would clearly
apply more frequently to those modes that had shorter journey times for a given origin–
destination pair.
A series of runs was undertaken to test different threshold values. These suggested that the
models for employer’s business and VFO travel benefitted from the inclusion of such a
term, with the threshold applying for cases where return journeys can be made in six hours
or less. Including this term significantly reduced the HSR constant, suggesting that much
of the value associated with HSR in fact results from making day trips viable for journeys
which may previously have required an overnight stay.
Such a threshold term was not found to be significant in the commute model, probably
because there are far fewer commute journeys that have journey times of this magnitude.
3.4.6

Accounting for Inertia

A series of inertia terms have been included in the models to explain differences in the
mode-specific constants depending on the current mode used by the respondent. These are
highly significant, suggesting that those currently using specific modes have quite different
perceptions of the attractiveness of the other modes over and above the objective
characteristics described in the choice experiments, or that the mode that they are using is
highly suited to their travel needs.
The inclusion of these terms is important in estimation as otherwise the model can
confound a reluctance to change from an existing mode with the sensitivity to the service
characteristics and/or the alternative-specific constants, and as a result can lead to biased
estimates of the response to a change in the level of service. While these terms are
important in model estimation, they do raise a challenge about how best to treat them in
implementation. The decision as to the role that they should play depends largely on the
interpretation of what these terms are capturing (for further discussion of inertia constants
see Daly and Rohr, 1998).
The inertia observed in the choices made within the stated preference exercises may be in
part an artefact of the exercises, in which case it would be appropriate to treat the inertia
terms as isolating bias in estimation, and then drop these in model implementation.
However, they may also capture a true inertia that travellers have when considering
alternative modes of transport, in which case it would be more appropriate to retain them
in model implementation.
3.4.7

Impact of Other Service Characteristics on Mode Choice

A range of other service characteristics were included in the choice experiments, in addition
to journey time and cost, to seek to explicitly isolate and parameterise the impact of service
levels on mode choice, rather than have them included in the mode-specific constants.
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Access and Egress Time

The stated choice exercise included access and egress time information for air, existing rail,
and HSR services. For the latter, respondents were asked to indicate whether they would
be most likely to travel to the named HSR station location for their journey by either car
or public transport. This allowed reasonable approximations of the access and egress time
to be made, and these were then varied across the SP choices.
In developing the models, a single access and egress term was used for all modes and
statistically significant coefficients were estimated for each trip purpose reflecting the
increasing disutility of a mode as the access and egress time increases. This suggests that
respondents considered this aspect of the journey when making their choices. The relative
magnitude of this coefficient varies between the models, with those travelling on
employer’s business placing a greater penalty on this aspect of journey time over in-vehicle
time than those travelling for VFO purposes (which would make sense as it is less easy to
utilise this aspect of travel time for productive work).
Air Wait Time

Air was offered as an alternative in the choice exercises for those travelling on employer’s
business or VFO trips, for origins and destinations where it was appropriate, but not for
those making commute trips. Respondents were given information on the access, egress,
wait and in-vehicle time in order to better describe the components of the total travel time.
In developing the models, statistically significant coefficients were estimated reflecting the
increasing disutility of air as the waiting time at the airport increases. It is interesting to
note that those travelling for employer’s business value this waiting time at the airport
similarly to the in-vehicle flight time, whereas those travelling for VFO purposes place less
disutility on this time in the airport than on the time in the aircraft. It is possible that this
may be in part a response to the retail and eating and drinking facilities that are provided
within the airport, which may make the this component of the journey less onerous for
those travelling for leisure.
Service Frequency

One of the factors that could influence the demand for HSR is the frequency of the service
provided, and how this compares with the frequency of the service on other competing
modes. In the experiments service frequency was presented to respondents as headway, for
example one train every 15 mins, or one flight every 4 hours.
In developing the models, tests were undertaken to explore whether it was better to
represent this aspect as a headway (as presented in the choice exercises) or as a frequency
(for example, 4 trains per hour). Generally it was found that frequency terms provided a
better fit to the data, although it was necessary to use a headway formulation for air in the
VFO model as the frequency term was not statistically significant.
Number of Rail Interchanges

The influence of interchanges could be an important aspect of HSR services, since because
of limited access travellers may have to make more interchanges to access HSR services.
Interchanges were therefore explicitly included in the choice experiments to investigate
how travellers responded to both decreases and increases in the number of interchanges.
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In developing the models, statistically significant coefficients were estimated reflecting the
increasing disutility of the rail alternatives as number of interchanges required increases. It
should be noted that this coefficient was not significant at the 95% confidence level for
commuters, which may be because of the smaller sample available for this segment or
because commuters tend to be more familiar with rail services.
Reliability

Service reliability is another area where HSR may provide benefits over and above existing
rail services, particularly if the new track is dedicated solely to HSR services. This was
therefore explicitly included within the choice experiments to isolate this factor from the
other perceptions that come together to form the HSR mode-specific constant.
In developing the models, statistically significant coefficients were estimated which suggest
that there is positive utility associated with increasing the percentage of trips that arrive
within 10 minutes of the expected arrival time. This trend applied across the models for all
purposes.
Rail Crowding

The general perception of many survey respondents when told about new HSR services is
that these trains may have lower levels of crowding than existing rail services. High levels of
crowding would also be avoided if tickets on the HSR were sold by seat, as is the norm for
other high-speed rail services. Crowding was therefore also explicitly included within the
choice experiments to isolate this factor from the other perceptions that come together to
form the HSR mode-specific constant.
In developing the models, it was found that lower crowding factors were typically not
found to be valued as statistically different from each other; however, a distinction was
made once higher levels of crowding were reached with significant differences found
between situations where travellers would be seated or standing. For employer’s business
there was increasing disutility associated with the crowding levels of having a seat, having a
seat but having others standing around, and having to stand. Moreover, respondents who
stated they would work on the journey were found to be significantly less likely to choose
rail services in situations where they would have to stand. The sensitivity between different
levels of crowding was less marked for those making trips for VFO or commute purposes.
3.4.8

Socio-economic Differences in Modal Preferences

The choice models were further developed to capture observable heterogeneity in the
preferences of the sample as a result of socio-economic and demographic characteristics of
the individuals. In developing these models the following characteristics of the respondents
and their trip-making behaviour were examined:
•

•

respondent characteristics:
o gender
o age
o employment status
o annual personal income
household characteristics:
o number of adults in household
o number of children in household
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•

•
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o number of cars in household
o number of vans in household
o number of motorcycles in household
o annual household income
details of journey around which SP was based:
o number of bags carried on journey
o who paid the journey costs
o whether worked on the journey
o whether would return on the same day
o number of nights away
long-distance trip making:
o whether work involves making regular business trips
o frequency of making stated trip
attitudes towards rail:
o how often they travel by rail
o their perception of rail services
o whether had previously been on HSR (e.g. to Brussels or Paris).

A series of tests was undertaken to compare the predicted probabilities of choosing each
mode against the observed frequencies of these being chosen within the data across each of
these different respondent characteristics. Where these tests indicated significant
discrepancies between the observed and predicted choices, the specification of the utility
functions were developed to take explicit account of the apparent differences in
preferences.
In this phase of the model development we found a number of factors that have a bearing
on the propensity to choose HSR over other modes, over and above the differences in level
of service that the HSR may provide.
For long-distance travel for employer’s business we observe that those travelling without
luggage, those who travel by rail more than once a week and those for whom the employer
pays a substantial amount of the travel costs are more likely to choose the HSR alternative
in the choices we present in the exercises. Conversely, those aged 45 years and older, and
those who state that they never use rail services, are less likely to choose HSR. We also
observe that female respondents have a higher propensity to choose the air alternative than
the male respondents for employer’s business travel.
For long-distance travel for VFO purposes we observe that those aged between 16 and 29
are more likely to choose HSR, whereas those who are aged between 30 and 44 are more
likely to choose car (for ‘holiday’ and ‘other’ travel). HSR was also more attractive to those
travellers who made long-distance VFO trips relatively infrequently, and a term was
included in the model to show this additional preference for HSR if the trip was made less
than once a year. Of those travelling on employer’s business, we observe that those who
state that they never use rail services are less likely to choose the HSR alternative (this
group is modelled as being more likely to use a car).
In the commute model we found no groups that demonstrated statistically significant
differences in preference for HSR, although it should be noted that for this trip purpose
the sample size was much smaller.
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Reviewing the Mode-specific Constants

The utility functions in the choice models include mode-specific constants to capture the
additional value placed on each mode over and above the service characteristics. These have
been specified relative to the car alternative.
It should be noted that the HSR constants calculated in the model are specified such that
they act in addition to the rail constants – they describe the marginal perceived benefit of
HSR over and above conventional rail. In the survey respondents were given the following
introduction to the potential HSR service to be considered in the choice exercises,
indicating the quality of the HSR travel experience:
A high-speed rail service could offer significant journey time savings and would typically
be more reliable than existing inter-city train services, but you may need to travel by car or
an existing public transport service to connect with the service. The trains running on the
route would run more quickly than current trains in Britain, but the carriages are likely to
be similar inside to the existing Eurostar and newest intercity trains. Within the carriages,
power points for laptops and high-speed wireless internet would be available.

Journey time savings and reliability for HSR were included explicitly in the choice
experiments; the provision of power points and wireless internet were not explicitly
included in the utility formulations and therefore would be included in the HSR constant.
As discussed in Section 3.4.8, the choice models were developed to capture a number of
different socio-economic effects that are associated with differing modal preferences
between different groups of travellers. These terms serve two functions: they allow us to
isolate effects that may have otherwise been confounded in the estimation of the
importance of different service characteristics,2 and they are informative from a policy
perspective as they reveal differences in behaviour.
However, when applying the model for making forecasts, it is not feasible to include all of
these constants, for example we may not be able to identify people who don’t use rail
often. In addition, such terms can complicate the interpretation of the mode-specific
constants as they are effectively partitioning these constants for different sub-groups and
act to mask the average value of the constants.
We have therefore estimated a separate model, which retains the sensitivity to the service
characteristics estimated when these constants were included (to provide our best estimates
of the service attributes), but with re-estimated mode-specific constants to reflect the mean
value placed on the mode-specific constants in the absence of the additional socioeconomic constants on each mode. In these tests we have retained mode-specific inertia
terms (whose specification is discussed in Section 3.4.6) and the constant for cases where a
return journey could be made in one day (return journey time of less than 6 hours), on the
basis that the latter can be calculated from level-of-service data.
The mode-specific constants for HSR (which are estimated in addition to the rail constant)
have also been segmented according to the mode currently used by the respondent to
reveal the extent to which the additional ‘value’ placed on HSR over and above

2

This is particularly important when the sample may not be representative.

26

RAND Europe

Model development

conventional rail differs according to the existing mode being used. In future forecasts,
such information would not be available.
There is an additional issue of bias in the resulting mode-specific constants resulting from
the composition of the sample. In recruiting respondents for the survey a conscious
decision was taken not to recruit a truly random sample that was representative of the true
mode shares. This is desirable as it is known that cars have a significantly higher share of
long-distance trips than other modes, and a representative sample would include relatively
small numbers of rail users and virtually no air users; this would clearly present issues for
model estimation, and the only way to achieve significant mode-specific parameters, for
example in-vehicle times, was to collect a disproportionately large sample of these
travellers. The decision was therefore taken to stratify the sample and set quotas by mode
to provide a richer and more cost effective dataset for model estimation.
The shares by mode within the SP sample for each trip purpose are shown in Table 3.2,
and compared with the weighted trip counts from the NTS Long Distance Survey (for
data pooled over years 2002–2006).
Table 3.2:

SP Sample Proportions by Mode for Each Purpose
Business

Commuting or education

VFO

SP sample

NTS data

SP sample

NTS data

SP sample

NTS data

Air

49.8%

2.8%

n/a

n/a

25.7%

0.7%

Rail

31.2%

13.3%

71.5%

20.2%

29.9%

8.4%

Car

19.1%

83.9%

28.5%

79.8%

44.4%

90.9%

100.0%

100.0%

100.0%

100.0%

100.0%

100.0%

All modes

Weights have been calculated and applied to the SP sample so that the sample reflects the
NTS mode shares for the model runs to estimate the alternative-specific constants. These
weights are shown in Table 3.3.
Table 3.3:

NTS Weights by Mode for Each Purpose Applied to SP Sample
Business

Commuting
and education

VFO

Air

0.0559

0.0000

0.0285

Rail

0.4268

0.2819

0.2801

Car

4.3989

2.8024

2.0474

Additional models have therefore been estimated that investigate the mean value of the
mode-specific constants once these weights have been applied to reflect the observed
proportions of travellers by mode. The coefficients for the level-of-service terms, however,
are derived from unweighted data for statistical efficiency.
3.4.10 Accounting for the Repeated Measures Property of the SP Data

In model specifications developed to this point, the repeated choice nature of the data was
not taken into account, and each observation was treated as being independent. This
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assumption is clearly incorrect as each respondent participated in two stated preference
exercises and provided multiple choice observations in each. Naïve models that do not take
account of this panel nature in SP datasets typically underestimate the standard errors on
the coefficient estimates and can lead the analyst to conclude that a finding is at a higher
level of statistical significance than would be judged once the repeated measured property
of the data is taken into account.
Therefore, as a final step in the estimation, the bootstrap re-sampling procedure was
applied to the SP models to take into account the repeated measures nature of the SP data.
The appropriateness of this procedure is discussed in greater depth in WebTAG 3.11.3
and 3.11.53. In summary, this approach ensures that the t-ratios produced by the models
are a realistic statement of the true errors of the model parameters.

3

WebTAG is the UK Department for Transport’s website for guidance on the conduct of transport studies
(see http://www.dft.gov.uk/webtag/).
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CHAPTER 4

Model Findings

The models developed from the SP data are presented in Section 4.1. The key findings
from each of the models are then discussed in detail.
In addressing the model findings we review each of the specific objectives of the SP study
in providing (parameter) values for the different service components in the mode choice
modelling process that underpins the LDM demand forecasts. Specifically we review the
evidence that the models developed from the SP data provide on:

4.1

•

values of time, and whether these vary differentially by mode of travel;

•

cost sensitivity, and whether these vary by income group and distance;

•

out-of-vehicle components, such as frequency, interchanges, and access and egress
time;

•

rail service components, such as rail reliability and crowding;

•

whether there exists an additional preference for HSR, over classic rail, above that
which can be measured by service attributes; and

•

where HSR fits in the modal choice hierarchy.

Final Model Results
Tables 4.2 to 4.4 summarise the best SP models (best reflects the best model specification
derived, taking into account model fit). Each table shows the coefficient value for each
model parameter, along with its t-ratio (after bootstrapping to take account of multiple
responses per individual). Tables are presented for each model purpose and each contains
two models:
•

The first is based on the unweighted SP sample, where all terms are freely
estimated.

•

The second constrains most terms to the values obtained from the unweighted
estimation, but then removes the socio-economic constants and re-estimates the
alternative-specific constants (ASCs) while applying the NTS weights (see Section
3.4.9 for more details). The t-statistics for these models reflect the weighted data.

The implications of the results that are obtained are discussed in detail in sections 4.2–4.9.
The tables contain a number of model fit statistics, which are defined in Table 4.1.
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Model Fit Statistics

Statistic
Observations

Final log (L)

D.O.F.

RAND Europe

Definition
The number of observations included in the model estimation (reflecting the
number of respondents and number of choice scenarios).
This indicates the value of the log-likelihood at model convergence. The log
likelihood is defined as the sum of the log of the probabilities of the chosen
alternatives, and is the function that is maximised in model estimation. The value
of log-likelihood for a single model has no obvious meaning; however, comparing
the log-likelihood of two models estimated on the same data allows the statistical
significance of new model coefficients to be assessed properly through the
Likelihood Ratio Test.
Degrees of freedom: the number of coefficients estimated in this model. Note
that if a coefficient is fixed to zero then it is not a degree of freedom.
If we compare the log-likelihood (LL(final)) value obtained with the log-likelihood
of a model with only constants (LL(c)) we get:

2

Rho (c)

2

Rho (c): 1 – LL(final)/LL(c)
Again a higher value indicates a better fitting model.

In interpreting the coefficient values the following points should be considered:
•

A positive coefficient means that the attribute level or constant has a positive
impact on utility and so reflects a higher probability of choosing the alternatives to
which it is applied, for example as train frequency increases the probability of
choosing rail increases.

•

A negative coefficient means that the attribute level or constant has a negative
impact on utility and so reflects a lower probability of choosing the alternative to
which it is applied, for example as cost increases, the probability of choosing an
alternative decreases.

•

Some coefficients are applied to categorical variables; these therefore reflect the
total utility increase or decrease for that variable, relative to a base situation, for
example the decrease in utility for travelling by rail as crowding levels increase.

•

The models contain a number of alternative-specific constants which reflect
preferences for the alternative to which it is applied. For example, we observe a
negative constant for business travellers who never use rail services for HSR
services, indicating that infrequent travellers would be less likely to choose HSR
services.

•

A positive value for a constant indicates that the respondent is more likely to
choose that alternative, and a negative value indicates that the respondent is less
likely to choose that alternative (all else being equal).

The value shown after each coefficient estimate is the t-ratio. This defines the (statistical)
significance of the coefficient estimate; regardless of the sign, the larger the t-ratio, the
more significant the estimate. A coefficient with a t-ratio numerically greater than
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+/−1.960 is estimated to be significantly different from zero at the 95% confidence level. A
coefficient with a t-ratio of +/−1.645 is significantly different from zero at the 90%
confidence interval. We generally seek to estimate coefficients that exceed the 95%
confidence interval.
Table 4.2:

Final Models for Commute Trips
Unweighted
model
1,211
−830.0
36
0.365

Commute model (COM_SP12_v113)
Observations
Final Log Likelihood
D.O.F.
Rho²(c)
Term
LogCost of people with a household income up to £40,000 p.a.
LogCost of people with a household income of £40,000–50,000 p.a.
LogCost of a household income of £50,000 or above p.a.
LogCost for people who did not report income
Car in-vehicle time
Rail and HSR in-vehicle time
Access and egress time, in minutes
Percentage of trips on time
Number of trains per hour
Number of rail interchanges
Rail crowding: 3 in every 6 seats taken
Rail crowding level: 4 in every 6 seats taken
Rail crowding: 5 in every 6 seats taken, all seats will be taken, a seat with others
standing around or standing up
Inertia term for those travelling by car
Inertia term for those travelling by rail
ASC for car (base)
ASC for rail (relative to car)
ASC for the first class rail (relative to standard class)
ASC for HSR for those currently travelling by car [additional to rail ASC]
ASC for HSR for those currently travelling by rail [additional to rail ASC]
Structural coefficient for correlation between rail modes ([classic rail]; [HSR])
Appears in the first position of the choice exercise
Appears in the second position of the choice exercise
Appears in the third position of the choice exercise
Appears in the fourth position of the choice exercise
Scale of Experiment 1
Scale of SP2 relative to SP1 (reflecting different levels of unexplained error)
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Recalibrated with
weighting
1,211
−487.3
4
0.417

Estimate
−4.888
−2.665
−1.513
−3.178
−0.015
−0.017
−0.017
0.034
0.255
−0.232
0
0

t-ratio
−4.2
−2.7
−3.1
−2.8
−1.9
−5.6
−5.2
2.3
3.4
−1.6
n/a
n/a

Estimate
−4.888
−2.665
−1.513
−3.178
−0.015
−0.017
−0.017
0.034
0.255
−0.232
0
0

t-ratio
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

−0.321

−2.3

−0.321

n/a

0
8.830
0
−4.636
−0.622
0.531
−0.549
0.361
0
−0.257
0.854
1.595
1
1.049

n/a
3.5
n/a
−2.0
−2.2
0.4
−1.8
4.1
n/a
−0.4
1.0
0.5
n/a
7.6

0
8.830
0
−4.619
−0.796
0.536
−0.549
0.361
0
−0.257
0.854
1.595
1
1.049

n/a
n/a
n/a
−14.9
−4.2
1.7
−2.8
n/a
n/a
n/a
n/a
n/a
n/a
n/a
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Final Models for Employer’s Business Trips

Employer’s business model
Observations
Final Log Likelihood
D.O.F.
Rho²(c)
Term
LogCost of people with a household income up to £30,000 p.a.
LogCost of people with a household income of £30,000–75,000 p.a.
LogCost of a household income of £75,000 or above p.a.
LogCost for people who did not report income
Car in-vehicle time
Air in-vehicle time
Rail and HSR in-vehicle time
Access and egress time, in minutes
Percentage of trips on time
Number of trains per hour
Number of rail interchanges
Rail crowding: 5 in every seats taken or all seats will be taken
Rail crowding: have a seat with others standing around
Rail crowding: standing for those working on the journey
Rail crowding: standing for those not working on the journey
Number of flights per hour
Waiting time at the airport
Constant if return trip can be made in 6 hours or less
Inertia term for those travelling by car
Inertia term for those travelling by air
Inertia term for those travelling by rail
ASC for car (base)
ASC for air (relative to car)
ASC for rail (relative to car)
ASC for the first class rail (relative to standard class)
ASC for HSR for those currently travelling by car [additional to rail ASC]
ASC for HSR for those currently travelling by air [additional to rail ASC]
ASC for HSR for those currently travelling by rail [additional to rail ASC]
Constant on HSR for those who never use rail services
Constant for travelling by HSR for travellers aged 45 and older
Constant for travelling by HSR if respondent travels by rail more than once a
week
Constant for travelling by HSR if the employer pays for a substantial part of the
journey
Constant for travelling by HSR if traveller does not have luggage
Constant for travelling by air for females
Structural coefficient for correlation between public transport modes ([air];
[classic rail, HSR])
Structural coefficient for correlation between rail modes ([classic rail]; [HSR])
Appears in the first position of the choice exercise
Appears in the second position of the choice exercise
Appears in the third position of the choice exercise
Appears in the fourth position of the choice exercise
Scale of SP 1
Scale of SP2 relative to SP1 (reflecting different levels of unexplained error)
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Unweighted
model
14,625
−9,671.0
39
0.453

Recalibrated with
weighting
14,625
−9,137.0
6
0.313

Estimate
−2.344
−1.914
−1.611
−1.841
−0.011
−0.009
−0.009
−0.013
0.010
0.036
−0.105
−0.086
−0.239
−0.630
−0.410
0.940
−0.008
0.414
3.426
3.622
1.875
0
−0.219
0.611
−0.094
1.013
1.267
−0.427
−1.310
−0.397

t-ratio
−6.0
−10.3
−9.2
−9.0
−5.4
−2.4
−11.7
−14.7
4.1
2.8
−2.7
−2.9
−4.7
−6.3
−3.7
3.7
−3.3
4.2
4.1
9.6
5.3
n/a
−0.3
1.2
−1.1
3.8
4.2
−2.4
−2.6
−3.4

Estimate
−2.344
−1.914
−1.611
−1.841
−0.011
−0.009
−0.009
−0.013
0.010
0.036
−0.105
−0.086
−0.239
−0.630
−0.410
0.940
−0.008
0.414
3.426
3.622
1.875
0
−0.083
0.688
−0.448
1.366
1.838
0.106
0
0

t-ratio
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
−1.2
12.3
−11.4
22.7
6.8
1.6
n/a
n/a

0.326

2.7

0

n/a

0.484

2.9

0

n/a

0.439
0.522

4.1
2.3

0
0

n/a
n/a

0.761

8.6

0.761

n/a

0.712
0
0.026
−0.165
−0.211
1
1.101

18.1
n/a
0.3
−1.2
−1.8
n/a
30.1

0.712
0
0.026
−0.165
−0.211
1
1.101

n/a
n/a
n/a
n/a
n/a
n/a
n/a
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Table 4.4:

Model findings

Final Models for VFO Trips
Unweighted
model
16,276
−10,403.7
38
0.429

VFO trips model
Observations
Final Log Likelihood
D.O.F.
Rho²(c)
Term
LogCost of people with a household income under £10,000 p.a.
LogCost of people with a household income of £10,000–20,000 p.a.
LogCost of people with a household income of £20,000–75,000 p.a.
LogCost of people with a household income of £75,000 –100,000 p.a.
LogCost of people with a household income over £100,000 p.a.
LogCost for people who did not report income
Car in-vehicle time
Air in-vehicle time
Rail and HSR in-vehicle time
Access and egress time, in minutes
Percentage of trips on time
Number of trains per hour
Number of rail interchanges
Rail crowding: have a seat
Rail crowding: standing
Intervals between the flights, in hours
Waiting time at the airport
Constant if return trip can be made in 6 hours or less
Inertia term for those travelling by car
Inertia term for those travelling by air
Inertia term for those travelling by rail
ASC for car (base)
ASC for air (relative to car)
ASC for rail (relative to car)
ASC for the first class rail (relative to standard class)
ASC for HSR for those currently travelling by car [additional to rail ASC]
ASC for HSR for those currently travelling by air [additional to rail ASC]
ASC for HSR for those currently travelling by rail [additional to rail ASC]
Constant for HSR if respondent uses rail less than once a year never uses rail,
when travelling for purposes of ‘holiday’ and ‘other’
Constant for HSR if respondent never uses rail, when travelling for VFR
Constant for travelling by HSR for people who make the trip less than once a
year
Constant for travelling by HSR for people aged 16–29
Constant for travelling by car for people who use rail less than once a year or
never
Constant for travelling by car for people aged 30–44 for the purpose of
‘holiday’ or ‘other’
Constant for travelling by air for people who will be away 3 nights or less
Structural coefficient for correlation between public transport modes ([air];
[classic rail, HSR])
Structural coefficient for correlation between rail modes ([classic rail]; [HSR])
Appears in the first position of the choice exercise
Appears in the second position of the choice exercise
Appears in the third position of the choice exercise
Appears in the fourth position of the choice exercise
Scale of Experiment 1
Scale of SP2 relative to SP1 (reflecting different levels of unexplained error)
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Recalibrated with
weighting
16,276
−8,636.9
6
0.271

Estimate
−3.542
−2.914
−2.299
−1.866
−1.064
−2.032
−0.009
−0.006
−0.007
−0.009
0.006
0.022
−0.175
0.000
−0.517
−0.009
−0.004
0.518
4.527
2.738
0.772
0
0.973
1.824
−0.278
1.346
1.225
−0.027

t-ratio
−7.8
−7.4
−11.9
−3.5
−4.2
−10.0
−8.5
−2.0
−10.2
−8.7
3.0
1.6
−4.5
n/a
−7.5
−1.2
−1.8
5.2
7.6
10.0
2.3
n/a
2.3
3.9
−2.2
8.4
6.2
−0.1

Estimate
−3.542
−2.914
−2.299
−1.866
−1.064
−2.032
−0.009
−0.006
−0.007
−0.009
0.006
0.022
−0.175
0.000
−0.517
−0.009
−0.004
0.518
4.527
2.738
0.772
0
0.858
1.565
−0.658
1.277
1.211
0.018

t-ratio
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
12.0
28.4
−9.8
24.1
3.3
0.2

−0.522

−2.9

0

n/a

−1.181

−3.0

0

n/a

0.504

3.9

0

n/a

0.632

3.0

0

n/a

1.398

4.4

0

n/a

1.204

2.5

0

n/a

0.360

1.9
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What Does the SP Data Reveal About Values of Time and Cost Sensitivity?
From the models it is possible to deduce travellers’ values of time (VOTs). The logarithmic
cost formulation in the model means that VOTs vary with the level of observed travel cost
(see Section 4.2.3 for details). To illustrate the resulting variation in values of time, we
have plotted the resulting values of time against journey cost. We also show the cumulative
distribution of observed journey costs by mode to provide information on observed cost
levels (by mode). VOTs also vary by household income and therefore separate plots are
presented for different household income categories. With each figure a table is presented
showing values of time at mean cost levels (highlighted in the cumulative distributions) for
each mode.
4.2.1

Values of Time for Long-distance Commuters

Figures 4.1 to 4.4 show the VOTs and (cumulative) journey cost distributions for the
household income groups with different cost sensitivity identified within the commute
model. As expected, we see that VOTs increase as household income increases (sensitivity
to cost decreases). In all of the figures, the value of rail and HSR time, per minute, are
assumed to be equal (shown as VOTHSR in the plots), but we see higher average VOTs
for HSR compared with rail because of the higher average costs for HSR (assumed in the
SP exercises). The VOT for travelling by car is less, per minute, than for rail and HSR,
which may be a result of higher crowding levels on commuter rail services. Moreover, the
average VOT for travel by car is less than that for HSR and rail, because of substantially
lower car costs.
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Trip cost (one way per person)

SP sample
Car
Rail
Air
HSR
Mean costs by mode
£16.02
£33.01
N/A
£39.61
Corresponding VOT (£/hr)
£3.23
£7.18
N/A
£8.61
Figure 4.1: Commute VOT for those with an Annual Household Income up to £40,000 (2008
prices)
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VOT and trip cost distribution for commute
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Figure 4.2: Commute VOT for those with an Annual Household Income between £40,000 and
£50,000 (2008 prices)
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Figure 4.3: Commute VOT for those with an Annual Household Income of £50,000 or above
(2008 prices)
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VOT and trip cost distribution for commute
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Figure 4.4: Commute VOT for those with Unknown Annual Household Income (2008 prices)

For comparison, we present VOTs for commute travel recommended in WebTAG Unit
3.12.2, Modelling Road Pricing (currently in ‘consultation’ status), which provides VOTs
that incorporate both income and distance effects. It is noteworthy that the WebTAG
functions are based on all trip lengths, not just long-distance trips. The distance
relationship provides ‘cost damping’: a decrease in the marginal sensitivity to cost as costs
increase. The recommended VOT formulation is:
VoT = K [βt/βc] [Inc/Inc0] ηinc [D/D0]ηd
where:
K is an inflation factor
βt and βc are time and cost coefficients
Inc is the household income in thousands
ηinc is the income elasticity
D is the trip distance in miles
ηd is the distance elasticity.
Figure 4.5 shows the WebTAG-recommended values, for annual household incomes of
£25,000, £50,000 and £75,000 in 2008 prices. These values are assumed to be the same
for all modes of travel.
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WebTAG-recommended Values of Time for Commute Travel

The WebTAG values range from around £6/hour to £16/hour, depending on the journey
distance and household income. It is difficult to make direct comparisons with the SP
values, because they vary by journey cost (not distance), and the household income terms
are different, but generally the values derived from the SP models tend to be lower for car,
and higher for rail and air.
4.2.2

Values of Time for Long-distance Business Travellers

Figures 4.6 to 4.9 show the VOT and (cumulative) journey cost distributions for business
travellers. Again the values of time increase as household income increases (again because
cost sensitivity decreases as household income increases). Also, as with commute travel, the
value of rail and HSR time, per minute, are assumed to be equal (shown as VOTHSR in
the plots). In the business models, however, the disutility of travelling by car, per minute,
is higher than the other modes, possibly reflecting the greater opportunities for working on
trains and in airplanes, compared with working in cars. However, because the value of time
calculation depends on observed costs, we again see higher average VOTs for those modes
with higher costs, for example, air and HSR.
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VOT and trip cost distribution for Employer's Business
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Figure 4.6: EB VOT for those with an Annual Household Income up to £30,000 (2008 prices)

VOT and trip cost distribution for Employer's Business
£100

100%

£95
£90

90%

£85
£80

80%

£70

70%

£65
£60

60%

£55
£50

50%

£45
£40

40%

£35
£30

30%

£25
20%

£20

% of trips at given trip cost

Value of in-vehicle time (£/hr)

£75

Cumulative % of car trips
Cumulative % of ra il trips
Cumulative % of air trips
Ca r cos t ba nd with mean va lue
Rail cost band with mean value
Air cos t band with mean value
VOT Car (£/hr)
VOT Ra il (£/hr)
VOT Air (£/hr)
VOT HSR (£/hr)

£15
10%

£10
£5

0%
less than £5
£5 - £10
£10 - £15
£15 - £20
£20 - £25
£25 - £30
£30 - £35
£35 - £40
£40 - £45
£45 - £50
£50 - £55
£55 - £60
£60 - £65
£65 - £70
£70 - £75
£75 - £80
£80 - £85
£85 - £90
£90 - £95
£95 - £100
£100 - £105
£105 - £110
£110 - £115
£115 - £120
£120 - £125
£125 - £130
£130 - £135
£135 - £140
£140 - £145
£145 - £150
£150 - £155
£155 - £160
£160 - £165
£165 - £170
£170 - £175
£175 - £180
£180 - £185
£185 - £190
£190 - £195
£195 - £200

£0

Trip cost (one way per person)

SP sample
Car
Rail
Air
HSR
Mean costs by mode
£29.06 £65.79 £91.37 £78.94
Corresponding VOT (£/hr)
£10.14 £18.78 £26.55 £22.53
Figure 4.7: EB VOT for those with an Annual Household Income of £30,000 ~ £75,000 (2008
prices)
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VOT and trip cost distribution for Employer's Business
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Figure 4.8: EB VOT for those with an Annual Household Income of £75,000 or above (2008
prices)
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Figure 4.9: EB VOT for those with unknown Annual Household Income (2008 prices)
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The WebTAG recommended value of time for business travel, in 2008 prices, is £29.63.4
This is consistent with SP valuations for rail, HSR and air, but is much higher than the
values obtained for travelling by car.
It is important to emphasise that the SP surveys collect the employee’s value of business
time, which may be different from employer’s valuations, and that these will not
(necessarily) be consistent with the working value in WebTAG. Specifically, because the
WebTAG recommended values of time for working time are based on opportunity cost of
the travel time to the employer and thus reflect the wage rate, including labour-related
overheads,5 they have not been derived from SP experiments. The 1994 UK VOT study
(Accent and Hague Consulting Group, 1996) did obtain behavioural values for business
travellers, based on SP experiments with employees, but these were not incorporated in
WebTAG on the basis that the objective of the WebTAG valuations are largely for
appraisal. We believe that behavioural valuations are appropriate when modelling demand
for HSR.
4.2.3

Values of Time for Long-distance Trips for Visiting Friends and Relatives and
Other Leisure

Figures 4.10 to 4.15 show the VOT and (cumulative) journey cost distributions across
those making VFO trips. Again the values of time increase as household income increases.
Also, as with the other purposes, the value of rail and HSR time, per minute, are assumed
to be equal (shown as VOTHSR in the plots). As with business, the disutility of travelling
by car, per minute, is higher than the other modes, which could reflect higher discomfort
levels for travelling by car. However, because the value of time calculation depends on
observed costs, we again see higher average VOTs for those modes with higher costs, for
example, air and HSR.

4
We have used the latest draft guidance published in March 2010 for calculating the recommended business
values of time, based on perceived monetary costs.
5

See http://www.webtag.org.uk
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Figure 4.10: VFO VOT for those with an Annual Household Income under £10,000 (2008 prices)
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Figure 4.11: VFO VOT for those with an Annual Household Income between £10,000 and
£20,000 (2008 prices)
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Figure 4.12: VFO VOT for those with an Annual Household Income between £20,000 and
£75,000 (2008 prices)
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Figure 4.13: VFO VOT for those with an Annual Household Income between £75,000 and
£100,000 (2008 prices)
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Figure 4.14: VFO VOT for those with an Annual Household Income over £100,000 (2008 prices)
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Figure 4.15: VFO VOT for those with an unknown Annual Household Income (2008 prices)
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For comparison, we present VOTs for other travel recommended in WebTAG Unit
3.12.2, Modelling Road Pricing (currently in ‘consultation’ status), which provides VOTs
that incorporate both income and distance effects. Again we note that the WebTAG
functions are based on all trip lengths, not just long-distance trips. The distance
relationship provides ‘cost damping’: a decrease in the marginal sensitivity to cost as costs
increase. The recommended VOT formulation is:
VoT = K [βt/βc] [Inc/Inc0] ηinc [D/D0]ηd
where:
K is an inflation factor
βt and βc are time and cost coefficients
Inc is the household income in thousands
ηinc is the income elasticity
D is the trip distance in miles
ηd is the distance elasticity.
Figure 4.16 shows the WebTAG-recommended values for annual household incomes of
£25,000, £50,000 and £75,000 in 2008 prices. These values are assumed to be the same
for all modes of travel.
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Figure 4.16: WebTAG-recommended Values of Time for Other Leisure Travel

The WebTAG values range from around £4.50/hour to £9/hour, depending on the
journey distance and household income. It is difficult to make direct comparisons with the
SP values, because the SP values vary by journey cost (not distance), and the household
income terms are different, but generally the values derived from the SP models tend to be
lower for car, and higher for rail and air (as with the commute values).
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What Does the SP Data Reveal About the Value Placed on Out-of-vehicle
Components?
From the models we can quantify the value travellers place on different service attributes.
4.3.1

Out-of-vehicle Services Components for Rail

Of particular interest is the ratio of the value placed on access and egress times and invehicle time. The values obtained from the SP models are shown in Table 4.5. In general,
we see values of access and egress time greater than 1, but less than 2 (the weight
recommended in the Passenger Demand Forecasting Handbook, PDFH, for rail demand
forecasting).
Table 4.5:

Value of Access and Egress Time Relative to In-vehicle Time

Purpose

Commute
Employer’s business
VFO
PDFH

Value of access and egress
time to rail travel compared
with rail in-vehicle time
1.0
1.4
1.3
2.0

Value of access and egress
time to air travel compared
with air in-vehicle time
not available
1.4
1.5
not applicable

The values obtained from the models for rail interchanges relative to rail in-vehicle time
are shown in Table 4.6. It is interesting that we see higher values for VFO travel, which
typically has larger party sizes (with children), which may make interchanges more
onerous. The values of interchanges recommended by PDFH range from 25 to 90
minutes, depending on journey length (higher weights for longer journeys) and ticket type
(lower values for those travelling on season tickets than for full-price or reduced-price
tickets).
Table 4.6:

Value of Rail Interchanges Relative to Rail In-vehicle Time (mins)

Purpose
Commute
Employer’s business
VFO
PDFH

Value of rail interchanges
(mins of rail in-vehicle time)
14
12
26
25–90

The values obtained from the models for rail frequency are shown in Table 4.7.
Table 4.7:

Value of Frequency of Rail Services Relative to Rail In-vehicle Time (mins per
additional train/hr)

Purpose
Commute
Employer’s business
VFO

4.3.2

Value of rail frequency (mins
per additional train/hr)
15
4
3

Out-of-vehicle Services Components for Air

For business and VFO travel, we can deduce values for improvements in the frequency of
flights and waiting time at the airport.
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For employer’s business, the best model includes an air frequency term (flights/hour). The
results suggest that an increase of 1 flight per hour is valued as being equivalent to 105
minutes of in-vehicle time.
For VFO travel, the best model includes an air headway term (hours between flights),
however, this term is not statistically significant at the 90% level, so no conclusions are
drawn from the value of the estimated coefficient.
The value of waiting time at the airport is shown in Table 4.8.
Table 4.8:

Value of Air Wait Time Relative to Air In-vehicle Time

Purpose

Commute
Employer’s business
VFO

Value of air wait time
compared with air in-vehicle
time
n/a
0.9
0.7

The model results suggest that business travellers value savings in wait time at the airport
nearly equally to savings in air in-vehicle time. Travellers making journeys for VFO value
savings in wait time at the airport at around two-thirds the value of savings in air in-vehicle
time. This may be because of leisure opportunities provided in airports.
4.4

What Does the SP Data Reveal About the Value of Rail Crowding and
Reliability?
The values obtained from the models for rail crowding are presented in Table 4.9.
Table 4.9:

Value of Rail Crowding (mins)

3 in 6 seats taken
4 in 6 seats taken
5 in 6 seats taken
You will have a
seat, but others will
be standing around
you
You won’t have a
seat and will have to
stand for some of
the journey

Commute
0
0

Employer’s business

VFO
0
0
9
0
26

19
Not working
45

Working
69

77

Long-distance commuters did not respond to crowding levels in the choice exercises until
high crowding levels – levels where 5 out of 6, or all seats – were taken or others or the
respondent had to stand. At this point crowding had an impact on their choices
(influencing mode or rail class choices). The resulting crowding penalty for these high
crowding levels is equivalent to 19 minutes of journey time. It was not possible to discern
different crowding penalties for more crowded situations, specifically conditions where
others were standing or the individual was required to stand. This may be because of the
relatively small number of commute observations in the SP survey sample.
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Similarly, those travelling for employer’s business did not respond to crowding levels until
the situation where 5 out of 6, or all seats, were taken. This level of crowding was
equivalent to a 9-minute journey time penalty. The penalties increased substantially, with
increased crowding levels for business travellers. Specifically, situations where others were
standing, but the respondent had a seat, was equivalent to a 26-minute journey time
penalty. Situations where the respondent had to stand had even higher penalties:
equivalent to 45 minutes of journey time if the respondent had not planned to work and
69 minutes of journey time if they had planned to work.
Respondents who were travelling for other leisure or for visiting friends or relatives did not
respond to crowding levels until the level where they would have to stand for some of the
journey, which equated to a 77-minute journey time penalty.
The resulting values of reliability per minute of rail in-vehicle time are presented in Table
4.10.
Table 4.10:

Value of Rail Reliability Relative to Rail In-vehicle Time

Purpose
Commute
Employer’s business
VFO

Value of rail reliability (mins
per increase in % trips on time)
2.0
1.1
1.0

We observe that reliability is most important to long-distance commuters, valued at nearly
2 minutes for each percentage increase in trips on time. Values from employer’s business
and VFO are lower, around 1 minute for each percentage increase in trips on time.
4.5

The Benefits of Being Able to Make Return Journey in a Day
For long-distance business and VFO travellers we observe a large and positive constant if
the (return) journey can be made in 1 day (measured if the return journey can be made in
6 hours or less), presumably because of potential savings on overnight stays. This constant
is applied to all modes, but it is noteworthy that it significantly reduced the alternativespecific constant for HSR when it was incorporated in the model. The resulting value, in
minutes of in-vehicle rail time, of being able to make a return journey in a day is presented
in Table 4.11.
Table 4.11:

Value of Being Able to Make a Return Journey in a Day

Purpose

Commute
Employer’s business
VFO

4.6

Value of being able to make a
return journey in a day (mins of
rail in-vehicle time)
n/a
45
77

Socio-economic Differences in Modal Preferences
We have found a number of factors that influence travellers’ propensity to choose specific
modes, over and above the differences in level of service that HSR may provide. These are
summarised in Table 4.12 (a ‘+’ sign indicates traveller segments that are more likely to use
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a specific mode, a ‘−’ sign indicates traveller segments that are less likely to use a specific
mode).
Table 4.12:

Socio-economic Differences in Modal Preferences

HSR
Infrequently/never use rail services
Travel by rail more than once a week
Infrequently make long-distance trip
Employer pays
Don’t have luggage
Aged 16–29
Aged 45 and older
Air
Female preference for air travel
Duration 3 nights or less
Car
Travellers who use rail less than once a year or never
Aged 30–44, making journeys for ‘holiday’ or ‘other’

Employer’s
business

VFO

−
+

−
+

+
+
+
−
+
+
+
+

We do not observe any socio-economic differences in modal preferences for those making
commute journeys – this is likely to be related to the small sample for commute.
For long-distance travel for employer’s business we observe that those travelling without
luggage, those travelling by rail more than once a week, and those for whom the employer
pays a substantial amount of the travel costs are more likely to choose the HSR alternative
in the choices we present in the exercises. Conversely, those aged 45 years and older, and
those who state that they never use rail services are less likely to choose the HSR
alternative, as are those who state that they rarely or never use rail services. We also observe
that female respondents have a higher propensity to choose the air alternative than the
male respondents for employer’s business travel.
For long-distance travel for VFO purposes we observe that those aged between 16 and 29
are more likely to choose HSR, whereas those aged between 30 and 44 are more likely to
choose car (for ‘holiday’ and ‘other’ travel). HSR was also more attractive to those travellers
who made long-distance VFO trips relatively infrequently, and a term was included in the
model to show this additional preference for HSR if the trip was made less than once a
year. We observe that those travelling on employer’s business who state that they never use
rail services are less likely to choose the HSR alternative (this group is modelled as being
more likely to use car).
4.7

Additional Non-measured Benefits of HSR
A key question to be addressed by the study was whether there are additional preferences
or benefits for HSR services, over and above those measured by service attributes or the
constants already included in the model, e.g. for being able to make a return journey in a
day. Additional preference is measured by the HSR alternative-specific constant (ASC),
which indicates the additional preference for HSR, relative to classic rail, which is not
explained by the service attributes contained in the utility formulation. Section 3.4.1 sets
out the detailed methodology and assumptions for quantifying HSR alternative-specific
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constants, taking account of socio-economic effects and sample bias. Below we discuss the
results of this analysis (the model coefficients are shown in the second column of results in
Tables 4.2–4.4).
4.7.1

Additional Non-measured HSR Benefits for Commuters

For commute travellers, we estimate no additional preference for HSR, compared with
classic rail, for existing rail travellers. In fact, the HSR constant is negative and equivalent
to 33 minutes of in-vehicle time (the HSR alternative would need to save this much
additional time before being considered equal to classic rail, once service and price
differentials are taken into account, for the sample of commuters in the SP survey).
However, this constant is significantly only at the 90% confidence level.
The value placed on HSR by those currently travelling by car is positive, but not very
significant. The constant suggests that car users find HSR more attractive than existing
rail, once all service attributes and price have been taken into account. In this case the
value is equivalent to 32 minutes of rail in-vehicle time. This would seem to balance the
negative value elicited from the rail users and taken together these would act to cancel out
the additional value placed on HSR (over and above service improvements) for commute
users.
In interpreting the commute model results it is also important to bear in mind that this
model is based on a significantly smaller sample than that collected for other purposes (100
respondents, as opposed to 1,326 for employer’s business and 1,619 for VFO trips).
4.7.2

Additional Non-measured HSR Benefits for Business Travellers

There are significant differences in the additional value business travellers placed on HSR
(over and above conventional rail) according to the mode currently used by the
respondent.
Those who are currently travelling by rail do not perceive any significant additional benefit
to using HSR services, compared with using classic rail, that are not accounted for through
service attributes, and have an ASC which is not statistically different from 0 at the 95%
level of confidence. The absolute value of this constant is also small, equivalent to 12
minutes of rail in-vehicle time.
By contrast, the additional value placed on HSR over and above service improvements by
those currently travelling by air or car is far higher. In these cases the values are equivalent
to 202 minutes and 150 minutes of rail in-vehicle time. This reflects the additional
‘attractiveness’ of HSR over and above conventional rail when measured service
improvements are taken into account. It should also be noted that those currently
travelling by air or car also have large inertia effects acting in the opposite direction.
The value of the constant obtained from existing rail users, who may well also have a far
better perception of what an HSR trip is likely to entail, is therefore probably more
credible. This also shows the importance of identifying these differences by mode, as a
single constant across all travellers would greatly inflate the additional value placed on
HSR.
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Additional Non-measured HSR Benefits for Those Travelling for Other Leisure or
Visiting Friends or Relatives

We again see significant differences in the value those travelling to visit friends and
relatives and for other leisure travel place on HSR (over and above conventional rail)
according to the mode currently used by the respondent.
Those who are currently travelling by rail for VFO trips do not perceive a significant
difference for HSR over and above classic rail, once service differences are taken into
account, and have an ASC which is not statistically different from zero at the 95% level of
confidence. The absolute value of this constant is also very small, equivalent to 3 minutes
of rail in-vehicle time.
By contrast, the value placed on HSR by those currently travelling by air or car is far
higher. In these cases the values are equivalent to 180 minutes and 190 minutes of rail invehicle time. Again, it should also be noted that those currently travelling by air or car also
have large inertia effects acting in the opposite direction. This HSR constants follow a
similar trend to that observed in the employer’s business model, and the values from the
rail users (who better understand what an HSR trip may entail) are judged to be more
credible.
4.7.4

Conclusions on HSR Mode-specific Constants

From the models estimated it is apparent that the value placed on HSR, over and above
conventional rail, differs significantly depending on what mode of travel the respondent
was using for their journey.
We see low (and statistically insignificant) values placed on HSR over and above
conventional rail, once service differences are taken into account, by those who were using
rail for either their employer’s business or VFO trips. This suggests that the ‘HSR’
branding of the mode is seen to have little additional value and any mode-switching in the
SP experiment for these respondents is a result of differences in level of service (shorter
travel times outweighing higher travel costs). For rail commuters we see a negative value
placed on HSR; although it should be noted that this view is based on a small sample.
We observe higher levels of switching to HSR in the choice experiments among those
currently travelling by car or air than can be explained by the changes in the service
characteristics alone. This therefore gives us much higher HSR ASCs for these
respondents, added to which we see that those currently travelling by air or car also have
large inertia effects acting in the opposite direction. It is not clear the extent to which
either of these are artefacts of the SP experiment – the HSR option may sound attractive
on paper, but they may not accurately perceive how this differs (or does not differ) from
existing rail options.
It therefore would appear that the HSR constants estimated for the rail users are more
credible than those from other respondents. If this is the case, then it could be argued that
an additional constant on HSR over and above that applied to conventional rail should not
be included in the forecasting models.
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Where Does HSR Fit in the Modal Choice Hierarchy?
Section 3.4.1 describes the testing of different modal choice hierarchies, which resulted in
the tree structure shown in Figure 4.17.

Figure 4.17: SP Tree Structure

The model nesting parameters, described by θ (theta), reflect the ratio of the relative
sensitivities of different response mechanisms (often referred to as lambdas in UK transport
modelling practice). By definition, the value of this parameter must be less than or equal to
1 in order to main consistency with intuitive response characteristics. A value of 1 reflects
that the relative sensitivity of responses is equal, resulting in a multinomial model
structure. The resulting θs along with their t-ratios (relative to 1) are presented in Table
4.13.
Table 4.13:
ThetaPT
ThetaR

Structural Nesting Parameters (thetas)
Commute
1.0 (n/a)
0.36 (7.1)

Employer’s business
0.76 (2.6)
0.71 (7.3)

VFO
0.54 (9.0)
0.81 (3.4)

The nesting structure reflects higher cross-elasticities between rail and HSR (ThetaR) and
between public transport modes (rail, HSR and air, where relevant) than between public
transport modes and car (ThetaPT). However, the parameters themselves only tell part of
the story: the overall scale of the different responses will also depend on observed market
shares, availability of alternatives, and so on, so that the attribution of the size of response
to each specific mechanism has to be made on the basis of model tests.
Within the rail alternatives there was also a consideration of class of travel. Models were
estimated to explore whether there were benefits to be gained from nesting class above or
below the rail mode (classic rail or HSR). These model tests suggested that there was no
significant gain in model fit, and the substitution patterns for the four alternatives of
standard classic rail, first class classic rail, standard HSR and first class HSR were best
represented by including all four alternatives at the same level of the nest, a multinomial
structure, with an additional constant applied on the first class alternatives.
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Other Findings
In parallel with this study, forecasting models for long-distance modelling are being
developed using revealed preference data. Because of time constraints, the models
estimated to date have used sequential estimation to combine SP and RP data. That is, the
SP data are used to estimate trade-offs and these are then applied in RP models using a
single scaling parameter for all of the coefficients.6
When the time and cost coefficients were imported from the SP models into the RP
models, incorporating an estimated scale adjustment, the resulting elasticities were
generally judged to be too small. This could be expected from the logarithmic cost
formulation, which will limit destination responses. Therefore, an additional set of models
was estimated for business and VFR/Other models, which incorporated income covariates
on the linear cost terms only and with income covariates on the linear cost terms plus an
additional logarithmic term. The fit of these models to the stated choice data is inferior to
the models using logarithmic cost only, which have been reported in the main body of this
chapter. These additional models are reported in Appendix A.

6

Ideally model coefficients contained in both the RP and SP models would be estimated jointly using the
simultaneous estimation techniques set out in Bradley and Daly (1991).
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CHAPTER 5

5.1

Conclusions

Conclusions and Key Findings
The survey design of this research marked a significant step forward in the design of stated
preference exercises from previous high-speed rail studies in the UK. The stated preference
experiments developed and presented to respondents included more alternatives
(examining the trade-offs between all available modes of travel simultaneously) and more
attributes (which allowed more service related perceptions to be drawn out explicitly and
isolated from the mode-specific constants) than has typically been the case in previous
studies. Moreover, it is clear from the results of this research that this additional
complexity in the choice tasks has not created problems, and in fact 99.2% of respondents
responded positively to the question ‘Were you able to compare the different choices that were
presented to you?’. The resulting data have supported the estimation of models with wellestimated coefficients in which the importance of each of the relevant attributes is taken
into account. The success of the stated preference experiments is likely to be in part due to
the level of customisation undertaken in the design of the choices, with network level of
service information being used to specify realistic travel times and costs for each of the
competing modes. It does, however, demonstrate that respondents can assess a large
amount of information when presented with relevant information and through the careful
design of choice experiments.
The study set out to provide insight into a number of factors that need to be considered in
modelling the choice of high-speed rail as a new alternative within a mode-choice model of
long-distance travel. Areas of particular interest included:
•

cost sensitivity, and whether this varies by income group and distance

•

values of time, and whether these vary differentially by mode of travel

•

whether there exists an additional preference for HSR, over classic rail, above that
which can be measured by service attributes

•

where HSR fits in the modal choice hierarchy.

We will now address each of these in turn.
5.1.1

Cost Sensitivity

With respect to cost sensitivity the model results suggest that there are significant
differences by household income, with cost sensitivity diminishing as household incomes
increase. This pattern was observed across all purposes of travel. In addition we observe
evidence of significant cost damping: the sensitivity to unit changes in cost diminishes as
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travel costs increase. It is noteworthy that this trend is particularly strong in the stated
preference data, to the extent that a logarithmic (cost) formulation with income covariates
provides the best fit to the data, rather than the less pronounced linear and logarithmic
(cost) combination identified from other datasets. This does, however, bring challenges, as
this formulation of the behavioural response was found to lead to low demand elasticities
when applied within the wider model system.
5.1.2

Values of Time

With respect to values of time, we find that there is evidence of differences by mode. There
are two components that come into play. The first is that there are differences in the value
placed on in-vehicle time savings by mode, with a unit time saving in car travel being
valued more negatively per minute than for rail or air travel for employer’s business and
VFO trips (although it is not statistically different for commute trips). However, the
second and larger influence is the non-linearity captured in the formulation of the cost
functions, which implies that values of time increase as journey costs increase. As a result,
we find that those modes which have higher mean journey costs have higher implied values
of time.
In discussing values of time, it is also interesting to note that reducing journey times so
that travellers can make a return journey in a day (measured as the ability to make a return
journey in less than 6 hours) substantially increases the demand for a mode. This is of
particular importance in explaining the potential for HSR to compete for mode share for
those journeys that currently have longer travel times that preclude a return trip within one
day. This effect may have been confounded with the HSR constant in previous studies.
5.1.3

Evidence for an HSR constant

The research also provides useful insight into whether there exists an additional preference
for HSR over classic rail. The structure of the stated preference exercises allowed other
attributes (such as reliability and crowding), which may have been confounded with modespecific constants in previous studies, to be taken into account and isolated. The models
suggest that the value placed on HSR over and above conventional rail differs significantly
depending on what mode of travel the respondent was using for their journey. For rail
users we find weak evidence for any value placed on the ‘HSR’ branding of the faster train
services, and any mode-switching in the SP experiment for these respondents is a result of
differences in level of service (shorter travel times outweighing higher travel costs, with the
ability to make a return in a day acting as a significant factor). For those currently
travelling by car and air we do find a positive and significant constant on HSR; however,
the extent to which this, or the inertia observed for the current mode, is an artefact of the
SP experiment is not clear – the HSR option may sound attractive on paper, but
respondents may not accurately perceive how this differs (or does not differ) from existing
rail options. We therefore conclude that the HSR constants estimated for the rail users are
more credible than those from other respondents, and that an additional constant on HSR
over and above that applied to conventional rail should not be included in the forecasting
models.
5.1.4

The location of HSR in the choice hierarchy

Finally, the stated preference data have allowed an examination of where HSR should sit as
a mode within a mode choice nest. The evidence produced through this study suggests that
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HSR should be modelled as sitting in the same nest as conventional rail, which then sits
within a further public transport nest with air. This evidence implies that there are higher
cross-elasticities between rail and HSR and between public transport modes (rail, HSR and
air, where relevant) than between public transport modes and car. However, as noted
previously, the parameters themselves only tell part of the story: the overall scale of the
different responses will also depend on observed market shares, availability of alternatives,
and so on, so that the attribution of the size of response to each specific mechanism has to
be made on the basis of model tests. Nonetheless, this SP research provides up to date
evidence, from a study designed around an HS2 style rail network, to inform us how best
to include high-speed rail as a new mode within existing mode-choice models.
5.2

Recommended Future Research
It should be noted that while the SP models developed provide a rich understanding of
mode choice decisions, they have been developed from data collected in a survey context of
stated preferences, and therefore there could be considerable benefits from exploring the
potential for a joint estimation alongside datasets containing real long-distance travel
choices. Joint estimation with revealed preference data sources was not possible for the
current study because of the need to produce an operational model within a constrained
timescale to provide a tool that could form the basis for policy analysis runs.
It is also worthy of note that the models developed in this research incorporate different
cost sensitivity parameters for different income groups, as well as cost damping for
different trip cost levels. However, it is known that cost sensitivity also varies within
income groups, while the income groups in the models are comparatively coarse.
Additional useful insights might be gained by representing variation in cost sensitivity as an
unknown (effectively random) parameter in the models. Such an approach might also help
in understanding better why cost damping is so strong in the SP models. One hypothesis is
that the logarithmic cost term better accounts for heteroskedasticity – that there is larger
unexplained error for larger costs – and that if we explicitly incorporated such effects in the
modelling errors we would not see such significant logarithmic effects. This approach was
investigated in other datasets by Daly and Carrasco (2009), who found it could explain
some or all of the cost damping effect. However, the data collected in this study are
particularly valuable as the primary focus of the research is longer distance trips, which by
definition cover a higher range of travel costs than is usually the case in most travel
datasets.
We would therefore suggest that a useful future avenue for research would be to undertake
some tests looking at the impact of explicitly incorporating cost variation in the models,
using random terms whose variance is a function of the cost level. The dataset collected
through this study could form the ideal platform on which to undertake such an analysis,
and the findings resulting from this could provide additional evidence of value regarding
the impact of travel cost in mode-choice decisions for long-distance travel.

55

REFERENCES

57

Reference List

Accent Marketing and Research and Hague Consulting Group, The Value of Time on UK
Roads, The Hague, 1996.
Accent, Long-Distance Model: Stated Preference Survey for Long-Distance Journeys, technical
report prepared for Department for Transport, 2010.
Ben-Akiva, M. and Lerman, S., Discrete Choice Analysis: Theory and Application to Travel
Demand, Cambridge, MA: MIT Press, 1985.
Bradley, M. and Daly, A., Estimation of Logit Choice Models using Mixed Stated Preference
and Revealed Preference Information, presented to 6th International Conference on Travel
Behaviour, Quebec, 1991.
Daly, A. (2010) Cost Damping in Travel Demand Models: Report of a Study for the
Department for Transport, TR-717-DFT, Cambridge: RAND Europe, 2010. As of 14
February 2011:
http://www.rand.org/pubs/technical_reports/TR717.html
Daly, A. and Carrasco, J., ‘The Influence of Trip Length on Marginal Time and Money
Values’, in Kitamura, R. et al. (eds.), The Expanding Sphere of Travel Behaviour Research:
Selected Papers from the Proceedings of the 11th Conference on Travel Behaviour Research,
Bingley: Emerald Books, 2009.
Daly, A. and Rohr, C., ‘Forecasting Demand for New Travel Alternatives’, in T Gärling, T
Laitila, K Westin (eds) Theoretical Foundations of Travel Choice Modeling, Oxford:
Pergamon Press, 1998.
Scott Wilson, RAND Europe and Hugh Gunn Associates (2008) Modelling Longer
Distance Demand for Travel: Feasibility Study, available from the UK Department of
Transport. As of 14 February 2011:
http://www.dft.gov.uk/pgr/economics/rdg/longdistancemodelling/modellinglongerdistance
.pdf
Train, K.E., Discrete Choice Methods with Simulation, Cambridge: Cambridge University
Press, 2003.
WebTAG, Transport Analysis Guidance, London: Department for Transport, 2010. As of
14 February 2011:
http://www.dft.gov.uk/webtag/

59

APPENDICES

61

Appendix A: Additional Models to Inform the
Development of the LDM Model

The models reported within the main section of this report reflect the best models
developed from the SP data collected in this study, capturing the richness of the observed
behaviour within the choice exercises and providing the best fit to the data. These models
include non-linear formulations for cost and seek to provide insight into the HSR
constants by using a parameterisation that provides most insight into how different groups
place additional value on HSR as a mode over and above the service attributes within the
models.
As a result of complications experienced in the estimation of values of time in the
development of the RP models, there was an interest in exploring the behaviour of models
that imported some of the key SP parameters. In doing so it became apparent that
although the ‘best’ SP models provide a good fit to the SP data, the parameterisation of the
cost sensitivity produced coefficients which when used in the RP models led to responses
that were too inelastic. As a result, some additional models were estimated on the SP data
to provide alternative cost formulations for testing in the RP model development.
Two additional model runs are reported in A1 and A2, with:
•

income covariates on the linear cost terms and a single log cost term;

•

income covariates on the linear cost terms and no log cost term.

These runs were only undertaken for the business and VFO models, as the commute
model had relatively little data to support drawing strong conclusions in this area.
It should be noted that as the t-ratios from these models were not being used directly the
models reported have not been bootstrapped to take account of the repeated measures
nature of the SP data.
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Additional Business Models Estimated for Testing in RP Model Development

Observations
Final Log Likelihood
D.O.F.
Rho²(c)
Term
Linear cost of people with a household income up to £30,000 p.a.
Linear cost of people with a household income of £30,000–50,000 p.a.
Linear cost of a household income of £50,000 or above p.a.
Linear cost for people who did not report income
Log cost
Car in-vehicle time
Air in-vehicle time
Rail and HSR in-vehicle time
Access and egress time, in minutes
Percentage of trips on time
Number of trains per hour
Number of rail interchanges
Rail crowding: 5 in every seats taken or all seats will be taken
Rail crowding: have a seat with others standing around
Rail crowding: standing for those working on the journey
Rail crowding: standing for those not working on the journey
Number of flights per hour
Waiting time at the airport
Constant if return trip can be made in 6 hours or less
Switching term air users to car
Switching term rail users to car
Switching term car users to air
Switching term rail users to air
Switching term car users to HSR
Switching term air users to HSR
ASC for car (base)
ASC for air (relative to car)
ASC for rail (relative to car)
ASC for the first class rail (relative to standard class)
ASC for HSR [additional to Rail ASC]
Constant on HSR for those who never use rail services
Constant for travelling by HSR for travellers aged 45 and older
Constant for travelling by HSR if respondent travels by rail more than once a week
Constant for travelling by HSR if the employer pays for a substantial part of the
journey
Constant for travelling by HSR if traveller does not have luggage
Constant for travelling by air for females
Structural coefficient for correlation between public transport modes ([air]; [classic
rail, HSR])
Structural coefficient for correlation between rail modes ([classic rail]; [HSR])
Appears in the first position of the choice exercise
Appears in the second position of the choice exercise
Appears in the third position of the choice exercise
Appears in the fourth position of the choice exercise
Scale of experiment 1
Scale of SP2 relative to SP1 (reflecting different levels of unexplained error)
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Model 125
14,625
−9,666.9
41
0.453
Estimate
t-ratio
−0.0000965
−4.4
−0.0000376
−3.6
−0.0000146
−2.3
0.0000047
0.6
−1.631
−15.9
−0.011
−13.2
−0.009
−4.0
−0.009
−15.8
−0.013
−16.8
0.010
4.1
2.081
3.3
−0.110
−3.7
−0.085
−2.1
−0.236
−3.6
−0.629
−6.9
−0.405
−3.5
55.063
6.2
−0.008
−5.3
0.414
6.5
−3.482
−8.4
−5.303
−13.8
−3.593
−12.4
−5.449
−18.0
1.489
9.4
1.758
11.1
0.000
n/a
−0.098
−0.3
−2.892
−9.4
−0.097
−2.4
−0.450
−3.8
−1.331
−4.9
−0.390
−5.6
0.326
4.4

Model 129
14,625
−9,886.7
40
0.441
Estimate
t-ratio
−0.000226
−10.2
−0.000141
−13.1
−0.000112
−18.7
−0.000086
−11.0
0.000
n/a
−0.010
−13.5
−0.008
−4.4
−0.008
−15.1
−0.011
−16.2
0.008
3.8
1.609
2.9
−0.090
−3.5
−0.080
−2.0
−0.207
−3.3
−0.591
−6.8
−0.352
−3.2
33.046
4.7
−0.006
−5.1
0.364
6.5
−2.859
−7.6
−4.716
−13.2
−3.044
−12.4
−4.611
−17.9
1.481
10.1
1.878
13.1
0.000
n/a
−0.383
−1.2
−3.041
−10.7
−0.367
−10.9
−0.670
−6.1
−1.175
−5.0
−0.324
−5.2
0.342
5.1

0.489
0.432
0.512

5.3
6.0
5.2

0.488
0.321
0.373

5.7
5.0
4.7

0.760
0.717
0.000
0.023
−0.171
−0.218
1.000
1.099

17.8
21.6
n/a
0.4
−2.8
−3.4
n/a
37.6

0.765
0.868
0.000
−0.001
−0.138
−0.176
1.000
1.099

16.2
21.6
n/a
0.0
−2.6
−3.1
n/a
36.9
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Table A.2:

Appendix A:
Additional Models to Inform the
Development of the LDM Model

Additional Business Models Estimated for Testing in RP Model Development

Observations
Final Log Likelihood
D.O.F.
Rho²(c)
Term
Linear cost of people with a household income up to £10,000 p.a.
Linear cost of people with a household income of £10,000–75,000 p.a.
Linear cost of people with a household income of £10,000–100,000 p.a.
Linear cost of a household income of £75,000 or above p.a.
Linear cost of a household income of £100,000 or above p.a.
Linear cost for people who did not report income
Log cost
Car in-vehicle time
Air in-vehicle time
Rail and HSR in-vehicle time
Access and egress time, in minutes
Percentage of trips on time
Number of trains per hour
Number of rail interchanges
Rail crowding: have a seat
Rail crowding: standing
Intervals between the flights, in hours
Waiting time at the airport
Constant if return trip can be made in 6 hours or less
Switching term air users to car
Switching term rail users to car
Switching term car users to air
Switching term rail users to air
Switching term car users to HSR
Switching term air users to HSR
ASC for car (base)
ASC for air (relative to car)
ASC for rail (relative to car)
ASC for the first class rail (relative to standard class)
ASC for HSR
Constant for HSR if respondent uses rail less than once a year never uses rail,
when travelling for purposes of ‘holiday’ and ‘other’
Constant for HSR if respondent never uses rail, when travelling for VFR
Constant for travelling by HSR for people who make the trip less than once a year
Constant for travelling by HSR for people aged 16–29
Constant for travelling by car for people who use rail less than once a year or
never
Constant for travelling by car for people aged 30–44 for the purpose of ‘holiday’ or
‘other’
Constant for travelling by air for people who will be away 3 nights or less
Structural coefficient for correlation between public transport modes ([air];
[classic rail, HSR])
Structural coefficient for correlation between rail modes ([classic rail]; [HSR])
Appears in the first position of the choice exercise
Appears in the second position of the choice exercise
Appears in the third position of the choice exercise
Appears in the fourth position of the choice exercise
Scale of experiment 1
Scale of SP2 relative to SP1 (reflecting different levels of unexplained error)
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Model 115
16,276
−10,430.5
38
0.427
Estimate
t-ratio
−0.000362
−8.7
0.000000
n/a
−0.000129
−9.1
0.000000
n/a
0.000000
n/a
−0.000045
−3.3
−1.598
−17.1
−0.008
−15.3
−0.005
−2.4
−0.007
−18.0
−0.009
−17.8
0.006
3.0
1.188
2.7
−0.169
−7.4
0.000
n/a
−0.500
−7.6
0.000
−2.7
−0.004
−4.1
0.490
8.7
−4.016
−12.7
−4.587
−17.0
−2.650
−14.5
−3.540
−18.0
1.303
13.6
1.290
11.6
0.000
n/a
−0.427
−1.7
−2.316
−11.9
−0.370
−5.4
−0.108
−1.7

Model 121
16,276
−10,742.0
38
0.410
Estimate
t-ratio
−0.000547
−13.3
−0.000343
−21.1
0.000000
n/a
−0.000124
−9.3
0.000000
n/a
−0.000226
−16.1
0.000
n/a
−0.007
−15.8
−0.004
−1.9
−0.006
−17.4
−0.007
−17.3
0.005
2.9
0.871
2.2
−0.144
−7.2
0.000
n/a
−0.453
−7.4
0.000
−2.3
−0.003
−3.7
0.400
8.2
−2.785
−11.2
−3.605
−16.5
−2.340
−14.7
−3.174
−18.3
1.171
13.4
1.367
13.2
0.000
n/a
−0.510
−2.3
−2.087
−12.9
−0.981
−20.0
−0.338
−5.8

−0.504
−1.169
0.480
0.622

−4.9
−5.5
5.5
7.0

−0.445
−0.996
0.378
0.545

−4.7
−5.2
4.9
7.4

1.266

7.9

0.927

7.6

1.034
0.342

5.4
4.4

0.884
0.255

6.1
3.9

0.610
0.836
0.000
−0.040
−0.070
−0.166
1.000
1.166

23.4
23.2
n/a
−0.8
−1.4
−2.9
n/a
43.1

0.701
0.954
0.000
−0.030
−0.076
−0.154
1.000
1.190

22.0
23.2
n/a
−0.7
−1.8
−3.1
n/a
42.6

