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Preface

This study quantifies the willingness of car and light van travellers in the Copenhagen area to pay to use a
proposed new tunnel, the Harbour Tunnel (Havnetunnel), and to explore the motivations for potential
users to choose the tolled tunnel. The crucial issue in predicting whether drivers will choose to pay the toll
is to understand the ‘value of time’ of each driver; that is, the value that each is willing to pay to save a
minute of his or her time (and that of the passengers, if any). To fulfil the research purpose, a stated
choice experiment was undertaken to measure values of time for drivers and passengers travelling in the
relevant corridor. This report provides a detailed description of the design of the experiments, the survey
methodology, data collection, the resulting sample and the development of discrete choice models to
analyse the resulting data. The values of time estimated from the study will be used in a detailed travel
demand model to explore the business case for the Harbour Tunnel investment.
This report may be of value to those who are interested in the technical details of the study, including the
detailed structure of the experiments and resulting analysis, as well as those interested in measuring the
value of travel time savings and discrete choice modelling methods more generally.
The study was led by MOE | Tetraplan who oversaw the market research, survey design and model
analysis. MOE | Tetraplan is the transport planning department of Danish engineering consultancy
company MOE A/S. MOE | Tetraplan is specialised in strategic transport planning and modelling for all
modes of transport.
RAND Europe was responsible for the survey design and model analysis. RAND Europe is an
independent, not-for-profit policy research organisation that aims to improve policy and decision making
in the public interest, through research and analysis. RAND Europe’s clients include European
governments, institutions, NGOs and firms with a need for rigorous, independent, multidisciplinary
analysis. This report has been peer-reviewed in accordance with RAND’s quality assurance standards.
Dr Stephane Hess provided survey design and model analysis guidance to the project team.
For more information about RAND Europe or this document, please contact:
Charlene Rohr
RAND Europe
Westbrook Centre, Milton Road
Cambridge CB4 1YG, United Kingdom
Tel. +44 (1223) 353 329
crohr@rand.org
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Summary

The Danish Road Directorate commissioned this study to quantify the willingness of car and light van
travellers in the Copenhagen area to pay to use a proposed new tunnel, the Harbour Tunnel
(Havnetunnel), which would complete the Copenhagen Eastern Ring Road.
For a driver to choose to use a tolled facility, such as the proposed Harbour Tunnel, he or she must
consider that the time saving offered by using the tunnel is worth more than the cost of the toll. The
crucial issue in predicting whether drivers will choose to pay the toll is then to understand the ‘value of
travel time’ (VTT) of each driver. Simply put, the VTT is the monetary valuation – in this study for a
driver or car passenger – of a one minute change in his or her travel time (and that of the passengers, if
any). Demand for the new tolled tunnel can then be estimated by comparing travellers’ VTT against the
likely time savings and proposed toll, as well as taking account of aversion to travelling in a tunnel or
paying a toll.
The value of travel time is a key component of infrastructure appraisal more generally, and therefore there
is a substantial research and literature in quantifying travellers’ values of time. From these studies it has
been found that VTT varies by:


Journey purpose – where business travellers (or their employers) are willing to pay more than
those travelling for commute or leisure purposes.



Income – where people with higher incomes are less sensitive to cost and therefore tend to have
higher VTTs.



Journey length – where those making longer journeys, which tend to cost more money, are
observed to be willing to pay more per minute to save time.

VTT also varies with other socio-economic characteristics of the traveller, for example their gender and
age, as well as whether there are passengers in the vehicle.
Often VTT is given as an average, for example for cost-benefit analysis. However, research shows
unambiguously that however much segmentation is incorporated in VTT models, there remains a
considerable degree of variation in the population. Some people are, or think they are, more pressed for
time than others, for reasons that cannot be explained exogenously. This ‘taste variation’ is an important
component of any explanation of behaviour.
Further, the nature of forecasting for tolled facilities focuses attention on travellers with high values of
time. In some cases, the toll road will offer a substantial advantage and many drivers will choose it.
However, for many journeys, the advantage given by the road will be small and only those with high
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values of time will obtain an advantage by choosing it. Thus in each case we need to know the fraction of
drivers whose value of time exceeds the critical value.1
For these two reasons it is necessary to obtain information about the distribution of the value of time
among drivers.

Study objective and restrictions
The key objective of this study was to quantify the willingness of car and light van travellers to pay to use
the proposed new tunnel under the Harbour in central Copenhagen.
The study was restricted to travellers in cars and vans (including both drivers and passengers). It was also
limited to investigate two specific travel responses: whether travellers would use a tolled alternative (a
route choice response) and whether people would change their time of travel (a time-of-day response).
Mode choice responses, for example people switching to or away from car travel as a result of the tolled
infrastructure, were not in scope: nor were heavy goods vehicles. The study was also restricted to journeys
made on weekdays.

Stated choice experiments are used to quantify travellers’ values of time
Currently the most widely used method for measuring travellers’ VTT is through stated choice (SC)
experiments. In SC experiments, respondents participating in surveys are asked to make choices between
hypothetical travel alternatives, with varying costs and times, developed from a carefully constructed
experimental design. The choices that respondents make in these experiments are used to quantify their
VTT and the factors that influence VTT.
To quantify travellers’ VTT in this study, a survey was undertaken with travellers who made journeys by
car either as a driver or passenger on a weekday across the harbour in Copenhagen. The survey collected
information about the trip the respondent made, including the trip origin, destination, day of the
journey, journey purpose, travel time (in freely flowing and congested conditions), departure time and
time of travel flexibility, distance, cost, whether the respondent was the driver or a passenger, the number
of travellers in the vehicle, etc., as well as socio-economic characteristics of the traveller and attitudinal
questions around congestion and travelling in tunnels.
Respondents next participated in an SC experiment to quantify the respondents’ VTT as well as their
sensitivity to paying a toll and their relative sensitivity to switching departure time compared to switching
their route of travel (and using a tolled facility). All responses were tested in one experiment incorporating
(hypothetical) alternatives offering tolled and untolled travel options across different time periods, in
order to maximise the statistical information content from the data. Using a single experiment also
avoided inconsistency in values between different experiments. Moreover, presenting all options
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Some drivers, e.g. those on business trips whose employers are paying their costs, may be willing to pay a toll for
any time saving, even if it is quite small.
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simultaneously could be perceived to be more realistic, rather than presenting them separately, i.e. tunnel
choice separately from time period choice.
In the experiment the Harbour Tunnel was not mentioned to avoid political (strategic) biases. Instead
respondents were presented with a hypothetical tunnel. Using a hypothetical tunnel also allowed a wider
range of times and costs to be tested in the experiment, which was necessary to identify the distribution of
VTTs.
The experiment incorporated five attributes to describe the different travel options: free flow and
congested time, driving cost, toll (for the tolled alternatives) and for some respondents the trip departure
time. Within the survey, congested time was defined as the journey time that was impacted by other cars
on the road, in the judgement of the respondent, and free flow time as the time where the journey was
not impacted by other cars on the road. Driving costs were approximated for the journey and respondents
were able to amend these before the experiment, if they thought the approximations did not accurately
reflect the costs they actually faced. Respondents who made a journey in the peak period were offered
peak and off-peak travel options, both for the tolled and untolled routes, on the basis that the travel times
for the untolled options would increase in future due to congestion, and people may have to consider
travelling outside the peak. Respondents who travelled in the off-peak and who wished to travel in the
peak (and who did not do so because of road congestion) were also presented options with peak and offpeak alternatives (defined as travelling 1 or 2 hours later), on the basis that the tolled tunnel would offer a
less congested option. Respondents who travelled in the off-peak but who did not wish to travel in the
peak period were only offered two off-peak travel options, on the basis that they would never choose to
travel in the peak given that the travel times in the peak period were only assumed to worsen.
An example of a choice scenario is presented below.
Which option would you choose for the journey you made between [your origin] and [your destination] for [your trip purpose]?
New tunnel, leaving at
Current route, leaving at
Current route, leaving
New tunnel, leaving one
[your prefered departure
[your prefered departure
one hour earlier or later
hour earlier or later
time]
time]
Journey time
‐ Time in freely flowing traffic
‐ Time in congested traffic
Journey cost
‐ Driving costs
‐ Toll

14 mins
67 mins

24 mins
9 mins

45 mins
4 mins

15 mins
1 mins

18 kr.

14 kr.

9 kr.
50 kr.

8 kr.
10 kr.

In order to reduce potential bias in the responses, the presentation order of the alternatives was
randomised across respondents. So too was the presentation of the time and cost information, with half
the respondents seeing the journey time attributes first and half seeing the journey cost attributes first.
The experimental design tested a wide range of time and cost trade-offs (six levels were tested for each
attribute). For realism, the journey times and costs were varied around the observed trip. Also, for realism
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it was assumed that congestion would increase on the untolled options, that the congestion in the peak
would be higher than in the off-peak and that the tolled option would be faster than the untolled option.2
Efficient experimental designs were used to ensure that the SC data were able to identify the key
parameters in a statistically efficient manner.
Each respondent was presented with nine choice scenarios. They were also presented with a 10th choice,
which was an identical copy of an earlier task but where the toll for the tolled option was set to zero (in
order to examine tunnel phobia and the impact of a zero toll).

A substantial data collection effort was undertaken
The data collection was conducted through a web-based questionnaire hosted and managed by KANTAR
Gallup. Panel members were in scope if they had made a car journey across any of the four bridge
crossings in Copenhagen between Sjælland and Amager on a weekday in the previous month. Because of
concerns regarding the quality of surveys derived from panels in other countries, the panel survey was
supplemented by recruiting respondents making journeys across the bridges as part of a postcard survey
also being undertaken for the project.
For the surveys obtained from the survey panel, quotas were set to ensure that a minimum number of
surveys were obtained for commute, business and other (private/leisure) journey purposes. Business trips
were prioritised in order to be able to fulfil the quotas. Quotas were also set to ensure that the survey
collected responses from both drivers and passengers.
A pilot survey was undertaken prior to the main survey to check the survey instrument, recruitment and
survey response rates. Few changes were made to the pilot surveys and therefore the pilot survey data were
incorporated in the model analysis.
In the main survey, 19,300 postcards were handed out to car drivers while stopped at red traffic lights,
which accounted for 21 per cent of the total traffic during the survey periods. The response rate for the
postcard survey was 15 per cent, with 5 per cent (912 respondents) completing the SC questionnaire.
In total, 3,688 surveys were completed for this study, as shown in the following table.
Recruitment methodology

Commute

Business

Other

Total

Panel GallupForum

384

324

925

1,633

Gallup other*

575

349

219

1,143

Postcard

616

88

208

912

1,575

761

1,352

3,688

Total
* Recruited by phone and Facebook.

2

There is no point in testing dominant options, like where the tolled option would take longer than the untolled
option, because few people would choose a longer and more expensive travel option unless there were other
characteristics that made the tunnel more attractive, which are not considered in the survey or subsequent
modelling.
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Models were developed to quantify travellers’ values of time
Discrete choice models were developed to quantify travellers’ values of time. This work was done under
considerable time pressure and decisions were taken that ensured completion of the work within the
project timescales. Prior to development of the models, a review of the quality and reliability of the data
was undertaken, removing data that were judged to be unreliable or of poor quality. In total, data for 256
respondents were removed from the model analysis, i.e. 6 per cent of the total sample.
Examination of the trading behaviour of respondents indicated that there was a good balance of choices
across the four alternatives, supporting robust model estimates.
To determine the best model specification, a series of tests was undertaken, following the model
formulation and development from the recent UK Value of Time study (Hess et al. 2017). Specifically,
the model specification tests explored: whether models with additive or multiplicative error structures
fitted the data better; the presence of reference dependence (size and sign effects); deterministic
heterogeneity (through socio-economic segmentation); and random heterogeneity in the resulting
valuations. Given the timescales, it was not possible to consider all possible combinations of each of these
dimensions, but instead a linear modelling process was employed where modelling decisions were made
using early model formulations. All models explicitly took account of correlation between choice
observations from the same individual. In the main models, the 10th choice observation with the zero toll
cost level was not included. The impact of including this choice was then tested at the completion of the
model estimation work to explore the impact on the model results.
During model testing and development, models were developed for travellers making commute, business
and other journeys. The resulting VTT values for commute and other travel were quite similar, and when
the final values were produced using a sample enumeration procedure with a sample of observed trips, the
values for other travel were slightly higher than for commute (largely because other trips are longer than
commuter trips, on average). This pattern is inconsistent with the evidence from other studies,
particularly the recent UK value of time study (Hess et al. 2017) and the previous Danish value of time
study (Fosgerau et al. 2008). We therefore estimated a joint model for commute and other travel,
including a purpose-specific VTT multiplier and purpose-specific income elasticity for commuting and
other travel. However, these multipliers were not found to be significantly different from 1 and were
therefore constrained to 1. The fit of the combined model was worse than the separate models
(significantly so, based on likelihood ratio tests), but given the changes in likelihood as a result of
introduction of other coefficients, the reduction in likelihood was not very large. The joint
commute/other travel model was chosen as the best final model on the basis that it gave more acceptable
VTTs without too much loss of explanation.
Discrete choice models with multiplicative error structures give a better fit to the data and gave more
reasonable estimates for VTT. Most previous VTT studies have used discrete choice models with utility
formulations incorporating an additive formulation, including the error term. Models assuming a
multiplicative error formulation (where the systematic utility is multiplied by the error term) were tested
in the most recent UK VTT study (Hess et al. 2017) and the Danish National VTT study (Fosgerau et al.
2008) and found to give better results. Theoretically, this formulation is advantageous because the utility
variance increases as utility increases.
ix

Additive and multiplicative models were developed for all data and for each journey purpose, using both
multinomial (MNL) and mixed (MXL) logit formulations. For models with all data, we found that the
multiplicative structures fitted the data better for the MNL models, although the additive models fitted
better for some of the mixed-logit models. However, convergence issues were experienced with the mixedlogit additive models – and this was considered a serious issue given the time constraints for the modelling
work. Multinomial additive and multiplicative models were developed for commute, business and other
purposes; in all cases the multiplicative models fitted the data better. On the basis of this analysis, and
more importantly the convergence issues with mixed logit additive models, it was judged that
multiplicative structures performed better, and were adopted for the rest of the model analysis.

Reference dependence was not significant
There is a growing literature indicating that stated choices are influenced by the sign of changes presented
in SC experiments (i.e. losses are valued more than gains) and the size of the change (i.e. that the size of
the time or cost change impacts the value of the change) relative to base/reference values. In line with the
UK VTT study, we tested reference-dependent effects following the de Borger and Fosgerau (2008) (dBF)
approach. For this study, time and cost differences are measured between the values presented in the
choice experiments and the values for the reference (observed) trip. While there were a small number of
significant reference dependence terms identified in the MNL models, the final MXL models did not
incorporate any significant reference dependence terms.
It is interesting that less reference dependence is observed in this study than in others. It may be because
of the size of changes in this study, which were based around potential changes brought about because of
a new tunnel. This may mean that there is less variation in the cost and time changes tested across
respondents. Further, the changes were not larger for those who made longer trips (the changes were
restricted to changes that would be experienced within the centre of Copenhagen), which may reduce
reference dependence effects.

Travellers with higher incomes place higher value on travel time savings
Consistent with the UK VTT study, the impact of income on VTT was represented through continuous
elasticity terms. The impact of both household income and personal income was tested. We found that
models incorporating personal income had a better model fit, again consistent with the UK VTT study.
The resulting income elasticities for the final models are presented below. Note that the elasticities are
conditional elasticities rather than marginal elasticities, i.e. effects of trip length and time that are
correlated with income are in addition to these.
Purpose segment

Personal income elasticity

Business

0.12

Commute/Other travel

0.17

x
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Values of time are higher for longer journeys
Again, consistent with the UK VTT study, elasticity terms were included to represent the impact of VTT
with the distance, cost and journey time of the trip. The resulting elasticities for these terms for the final
models are presented below.
Purpose segment
Business
Commute/Other travel

Distance elasticity

Cost elasticity

Time elasticity

-0.17

0.64

-0.19

n/a

0.19

-0.05

The result of these terms is that VTTs increase with journey length. For instance, for business trips, the
positive cost elasticity outweighs the time and distance elasticities. Therefore the net effect is that the
VTTs increase with the increase of the journey length (which tends to be more expensive and take longer,
assuming that cost and time are roughly proportional to distance).

Respondents react more negatively to tolls than to other driving costs
In the final models we observe that respondents react more negatively to tolls than to other driving costs,
but the differences are not large (and the difference for business travellers is not significantly different).
Below we show the multiplier for tolls relative to driving costs. The finding that respondents react more
strongly to tolls than to other driving costs is not unusual in the literature and the multipliers found here
are in fact lower than elsewhere. A multitude of reasons can arise for why respondents value the two
components differently, including strategic bias against tolls but also the fact that tolls are paid per
journey while driving costs are paid in a lump sum at irregular intervals (when refuelling in particular).
These results may also reflect short-term effects.
Purpose segment

Toll multiplier (relative to driving costs)

Business

1.02 (t=0.3)

Commute/Other travel

1.10 (t=3.3)

T-statistics presented in brackets, measured relative to 1.

The design of the experiments impacts the resulting values of time
As in the UK VTT study, multiplicative design effects coding was used to take account of potential biases
as a result of the position of time and cost components in the choice experiments. We find that the VTT
for commute and other travel is significantly less when time is presented first in the choices. This is not
observed in the UK VTT study. This impact was not significant for business travellers. Design effects
coding means that the resulting VTT reflects the average of either time or cost being presented first, so
that the design effects do not influence the estimated VTT.
The order of the alternatives in the choice experiments also affects the alternative-specific constants. Most
of the terms have a relatively small magnitude and many are not significantly estimated.
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Values of time are influenced by socio-economic characteristics of travellers for
commute and other travel
We tested the impact of a large number of socio-economic characteristics and journey characteristics on
VTT. The table below summarises those that were identified as being significant (or nearly significant) in
the models. The only covariate that significantly impacted business VTTs was whether the traveller was
reimbursed for travel. For commute and other travel, we see that women and people aged over 60 years of
age consistently have lower VTT than men (even when income differences have been taken into account).
We also see that sensitivity to departure time changes are less for shopping and other travel, relative to
commute, and higher for those escorting others.
Socio-economic/trip covariate
Free flow time adjustment for females
Congested time adjustment for females
Departure time adjustment for females
Free flow time adjustment for age 60 plus
Congested time adjustment for age 60 plus
Departure time adjustment for age 60 plus
Departure time adjustment for shopping
Departure time adjustment for escort
Departure time adjustment for other (relative to
commute)
Reimbursement on VTT

Business

Commute/Other
0.89 (t=-2.2)

0.92 (t=-1.4)
0.68 (t=-2.1)
1.58 (t=1.7)
0.62 (t=-5.5)
1.69 (t=2.4)

1.73 (t=6.1)

T-statistics presented in brackets, measured relative to 1.

It is emphasised that we did not observe different valuations between car drivers and adult passengers,
although the resulting VTTs for drivers and passengers will be different because of differences in their
socio-economic characteristics as well as trip patterns, e.g. passengers tend to make shorter trips.
We also did not observe significant differences in valuations between car and van users.

Values of time were not impacted by the survey methodology
The impact of different data collection methods, i.e. recruitment through a panel survey or recruited
directly through postcard surveys, on values of time was also tested, both in terms of the impact on the
error variances of the responses (through model scales) and the resulting values of time. Initial model tests
indicated that the different data collection approaches did not have a significant impact on the error
variances of the responses, i.e., respondents recruited from the panel survey were not necessary making
more errors than those from postcards. The scale terms were therefore dropped to reduce the complexity
of the models and reduce model run times. However, covariates were retained to detect whether the VTTs
varied by the different survey data collection methods. These were also found to be insignificant in the
final models. This is different to findings from other VTT studies (for example see Kouwenhoven et al.
2014) and may be a result of the high quality of the Kantar Gallup panel. However, we emphasise that it
was necessary to collect the postcard data to enable us to undertake the comparison of data collection
approaches and obtain this finding.
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There is substantial random variation in VTTs for commute and other travel
Consistent with other VTT studies, we observe significant random heterogeneity in the free flow value of
time, the congested value of time and the model scale for commute and other travel, additional to the
variation by income, trip length and other measured covariates. Two distributional assumptions were
tested, log-normal and log-uniform. The use of a lognormal distribution led to a number of convergence
problems and the resulting covariance matrix could not be fully computed – this is not an unusual finding
and is a result of the extreme tail of the lognormal distribution. Therefore, a log-uniform distribution was
adopted for all three variables. The introduction of the random variables led to a significant increase in
model fit for commute and other travel. We were not able to estimate random variation terms for
business, perhaps because of the relatively small sample size for this segment. The commute/other model
formulation also included correlation between the free flow and congested value of time random terms.

There is correlation between time period and route alternatives
The models incorporate additional error components to approximate a cross-nested formulation to
quantify the correlation between route alternatives (tolled and untolled alternatives) and time-period
alternatives (peak and off-peak). The results indicate that the correlation is higher between alternatives
sharing the same time period than between alternatives sharing the same route.
Current departure time
Business travel
Peak
Peak
Offpeak
Offpeak
Commute/other travel
Peak
Peak
Offpeak
Offpeak

Correlation

Implied nesting coefficient

Peak untolled * Peak toll
Peak toll and Off-peak toll
Peak untolled * Peak toll
Peak toll and Off-peak toll

0.43
0.74
0.50
0.73

Peak untolled * Peak toll
Peak toll and Off-peak toll
Peak untolled * Peak toll
Peak toll and Off-peak toll

0.42
0.77
0.45
0.78

In principle it is possible to import the peak and off-peak nesting parameters to define the car driver’s
time-period sensitivity in the Multi-modal Transport model for Greater Copenhagen (OTM) models.
However, a more detailed assessment, relating the coarse time-period definition of peak and off-peak of a
single trip used in this study to the more detailed definition of a car driver’s time-period or travel (defined
based on an entire tour) in OTM is required before making this recommendation.
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Resulting values of time
To obtain average values for application in the subsequent model tests, the models were applied to a
sample of individuals and trips in the Danish National Travel Survey (TU) database. The sampleenumerated values represent the average VTT value, i.e., averaged across free flow and congested time
values in the proportions observed in the SC study (labelled OTM 7). The base sample used in the sample
enumeration process are trips observed in the TU in the years 2006-2016, for the area defined by Greater
Copenhagen. A total of 37,652 records were used. This work was performed by Vejdirektoratet
themselves, using Excel with macros to calculate VTT, and is reported here for completeness.
For comparison purposes, the previous values (labelled OTM 6.1) are also reported in the table. For
commute and other travel, the values obtained in this study are 12-15 per cent higher than the values that
are currently being used (OTM 6.1). However, the new business VTT values are substantially higher than
the value implied in OTM 6.1.
VTT (average for car and van travellers, DKK/hour, 2015 prices)
Purpose
OTM 7

OTM 6.1

Ratio

Business

172.1

98.6

1.75

Commute

72.4

64.6

1.12

Other

63.1

55.1

1.15
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1. Introduction

This chapter sets out the objectives of the study.

1.1. Background
The Ministry of Transport, Copenhagen Municipality, The Capital Region of Denmark and Refshaleøens
Ejendomsselskab have initiated a feasibility study of the Eastern Ring Road (Østlig Ringvej) around
Copenhagen (Harbour Tunnel), as shown in Figure 1-1. The feasibility study will constitute the basis for
a possible decision to implement the project and initiate an Environmental Impact Assessment. An
important detail of the Eastern Ring Road is that it is planned to be a tolled facility.
As part of the feasibility study, the Danish Road Directorate commissioned this Stated Choice (SC) study
to determine the willingness of car and light van travellers in the Copenhagen area to pay to use the
proposed new tunnel. The results of the SC study are to be used as inputs for conducting new forecasts of
the future travel demand for the new Eastern Ring Road.
The feasibility study will include the following four sub tasks:


Technical and environmental studies.



Investigations of financial and organisational aspects.



Studies of traffic flows and demand, road users’ willingness to pay, and socio-economic
evaluations.



Elaboration of a plan for the traffic calming of central Copenhagen as a part of the overall project.

As part of studies investigating the traffic and socio-economic impacts of the Ring Road, the Danish Road
Directorate has commissioned this Stated Choice (SC) study to determine the willingness of car and light
van travellers in the Copenhagen area to pay to use the proposed new tunnel.
The results of the SC study are to be used to assess the road users’ willingness to use the tolled tunnel.
Furthermore, the results of the SC study will be incorporated in an improved version of the OTM
transport model. The transport model will used to examine new forecasts of the future travel demand for
the new Ring Road.
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Figure 1-1 Map of proposed Eastern Ring Road/Østlig Ringvej (Harbour Tunnel) and existing
harbour crossings

1.2. Predicting the use of a tolled facility
For a driver to choose to use a tolled facility, such as the proposed Harbour Tunnel, he or she must
consider that the time saving offered by using the tunnel is worth more than the cost of the toll. The
crucial issue in predicting whether drivers will choose to pay the toll is then to understand the ‘value of
travel time’ (VTT) of each driver. Simply put, the VTT is what a driver is willing to pay to save a minute
of his or her time (and that of the passengers, if any). Demand for the new tolled tunnel can be estimated
by comparing travellers’ VTT against the likely time savings and proposed toll, as well as taking account
of aversion to travelling in a tunnel or paying a toll.
In previous studies to quantify travellers’ values of time, it has been found that travellers’ VTT varies by
(for example, see DATIV 2007, Hess et al. 2017):

2

Quantifying travellers’ willingness to pay for the Harbour Tunnel in Copenhagen


Journey purpose: generally, business travellers (or their employers) are willing to pay more than
those travelling for commute or leisure purposes.



Income: people with higher incomes have less sensitivity to cost and therefore tend to have
higher VTT.



Journey length: those making longer journeys, which already cost more money, are observed to
be willing to pay more to save time.

VTT also varies by the socio-economic characteristics of the traveller, for example their gender and age, as
well as whether there are passengers in the vehicle.
Often VTT is given as an average, for example for cost-benefit analysis. However, research shows
unambiguously that however much segmentation is incorporated in VTT models, there remains a
considerable degree of variation in the population. Some people simply are, or think they are, more
pressed for time than others, for reasons that cannot be explained exogenously. This ‘taste variation’ is an
important component of any explanation of behaviour.
Further, the nature of forecasting for tolled facilities focuses attention on travellers with high values of
time. In some cases, the toll road will offer a substantial advantage and many drivers will choose it.
However, for many journeys, the advantage given by the road will be small and only those with high
values of time will obtain an advantage by choosing it. Thus in each case we need to know the fraction of
drivers whose value of time exceeds the critical value.3
For these two reasons it is necessary to obtain information about the distribution of the value of time
among drivers.

1.3. Using stated choice experiments to quantify travellers’ values of time
Currently the most widely used method for measuring travellers’ VTT is through the use of SC
experiments. In SC experiments, respondents are asked to choose between hypothetical travel alternatives,
with varying costs and times, developed from a carefully constructed experimental design. The choices
that respondents make in these experiments can quantify their VTT, plus quantify the factors that
influence VTT.

1.4. Study objectives
The key objective of this study was to quantify the willingness of car and light van travellers in the
Copenhagen area to pay to use the proposed new tunnel.
The study is restricted to cars and vans (including drivers and passengers) and to specific responses of
route and time-of-day choice: mode choice responses and responses by heavy goods vehicles are excluded.
The study is also restricted to journeys made on weekdays.

3

Some drivers, e.g. those on business trips whose employers are paying their costs, may be willing to pay a toll for
any time saving, even if it is quite small.
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The required output from the SC study was an estimate, together with an error measure, of willingness to
pay (WTP) at different toll levels distinguished over a number of dimensions:


Traveller income, in not less than three income groups (and outputs should be produced giving
the distribution of WTP over quantiles), in fact the resulting models incorporate income
elasticities, which can quantify income effects for any groupings of income categories.



Travel time components, split into free flow time and congested time.



Travel cost, split into driving costs and tolled costs (and specifically to test whether the sensitivity
to travel cost is different for these).



Time of day, including morning peak, evening peak and inter-peak.



Travel purpose, for example for business, commuting and other travel.



Plus other socio-economic drivers of differences, as observed from the study.

It was also required that the study should give estimates, segmented as necessary, of any impact of ‘tunnel
phobia’ and of resistance to paying at all.

1.5. Structure of the document
This document is structured as follows:
Chapter 2 describes the research methods, which cover the detailed explanation of design of the survey
and stated choice experiments. It also describes the pilot survey testing and refinements that were
undertaken before the main survey data collection.
Chapter 3 describes the data collection process.
Chapter 4 describes the data that were collected for the study, including descriptions of the journeys made
by the nearly four thousand respondents who participated in this research, as well as their socio-economic
characteristics.
Chapter 5 describes the development of the discrete choice models to quantify travellers’ values of time.
Chapter 6 summarises the research undertaken, reports the key findings and provides the recommended
values of time.

4

2. Design of the survey and stated choice experiments

To quantify travellers’ VTT a survey was undertaken with travellers who make journeys across the
harbour. The survey contained a number of components:


Background questions on reference journey



The SC experiment



Socio-economic and attitudinal questions.

Each of these sections is described below. We first describe the background questions on the reference
journey and socio-economic and attitudinal questions, noting that many of the latter came after the
choice experiment. The detailed survey questions (in English and Danish) are in Annex A. The surveys
were only conducted in Danish.

2.1. Background questions on reference journey
The survey commenced by collecting information on a recent in-scope trip made by the respondent (this
reference trip then formed the basis for the choice experiment). The following information was collected
on the reference trip:


Trip origin



Destination



Day of the journey



Travel purpose



Frequency of journey



Length of journey (in minutes)



Time of travel (morning or afternoon peak, inter-peak)



Departure time and flexibility



The amount of the journey made in congested conditions, and the level of congestion



Whether the respondent made the journey as a driver or passenger



The number of people travelling in the car.

An in-scope trip was any trip that crossed one of the four harbour crossings between Sjælland and Amager
by drivers or passengers in a car or van on a weekday within the last month.
In terms of congestion, respondents were asked to report the amount of time travelling, across three levels
of congestion:
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Minor congestion, where they were mostly able to travel at the speed limit or slightly slower than
the speed limit.



Moderate congestion, where they travelled at a speed lower than the speed limit, with some
periods of being stopped.



Severe congestion, where they travelled at very low speeds or were stopped.

It is noted that the detailed congestion information was not used in the subsequent modelling, but the
information is available for context.

2.2. Socio-economic and attitudinal questions
After the completion of the choice experiment, socio-economic and attitudinal information was collected.
Table 2-1 summarises the information collected.
Table 2-1 Socio-economic and attitudinal information collected in the survey
Age

Car ownership

Gender

Home location/work location

Family status

Reimbursement of costs

Employment status

Attitudinal questions on tolls

Income (personal and household)

Attitudinal questions on tunnel phobia
Journey time flexibility

All background questions were specified to be consistent with the definitions in the TU data,4 for
consistency in application in the OTM model.5

2.3. The stated choice experiment
The main aim of the SC experiment was to quantify respondents’ willingness to pay for a tolled
alternative along with their willingness to switch time of travel. Both responses were tested in one
experiment incorporating alternatives that offered tolled and untolled travel options across different time
periods. Presenting both tolled and untolled and different travel time alternatives simultaneously
maximised the statistical information content from the data. Using one single experiment also avoided
inconsistency in values between different experiments, for example where you would get different VTTs
in one experiment looking at time period choices and another looking at preferences between tolled and

4

Survey data from the Danish National Travel Survey (TU) which serves to document the travel behaviour of the
Danish population.

5

OTM is an advanced multi-model Transport Model for the Greater Copenhagen Area. The current model version
is OTM 6.1.
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untolled options. Moreover, presenting all options simultaneously could be perceived to be more realistic,
rather than presenting them separately, as respondents would have to make choices like this in reality.

2.3.1. Experiment attributes
The experiments incorporate five attributes: free flow and congested time, driving cost, tolled cost, and
departure time shifts.
The SC experiments contained two journey time components: free flow time and time in congestion. It is
noteworthy that these are not defined in the same way as they are in the OTM model (or how these
components would be defined in most standard assignment software), where the free flow time is defined
as the time that the journey would take without other vehicles on the road and congested time is defined
as the difference between the total journey time and the free flow time, which may not be natural ways of
thinking of congestion to travellers. For the experiments, we talk about how much of the journey was
made in congested conditions, i.e. where the journey time was impacted by other vehicles on the road and
how much of the journey time was made in uncongested conditions, where the journey time was not
impacted by other vehicles. This is consistent with most other studies on this topic and is generally judged
to be more consistent with how travellers think about congestion.
Driving costs were estimated based on the average costs per kilometre:


Business driving costs: 3.53 DKK/km



Non-business driving costs: 0.77 DKK/km



Van cost 2.12 DKK/km

All driving costs are in 2017 prices. Non-business driving costs reflect the fuel cost only and the cost for
vans reflects the distance-dependent operating cost (both according to ‘Transportøkonomiske
Enhedspriser – version 1.71’). The costs for business trips reflect the reimbursable cost as specified by the
tax authorities.
Respondents were presented with estimated driving costs, which they were able to amend prior to the
experiment. Toll costs were considered separately to driving costs.
Representation of departure times are discussed in further detail below.

2.3.2. Experiment alternatives
The SC experiments included up to four alternatives, tolled and untolled options for peak and off-peak
periods, i.e.:


Untolled option (based on current alternative), in the peak period



Untolled option (based on the current alternative), in the off-peak period



Tolled option, in the peak period



Tolled option, in the off-peak period.

In Copenhagen, the morning peak period is between 07:00 and 09:00 and the evening peak period is
between 14:00 and 18:00 (in the current OTM model the pm peak period is from 15:00 to 18:00, but
examination of current counts for the Harbour Crossings indicates the same level of congestion between
14:00 and 15:00). In the experiments, it is assumed that congestion for the untolled option increases in
7
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the peak period, relative to the reference journey, leading to increased journey times, and that the journey
times for all other alternatives are less than for the (untolled) peak period. Specifically, it is assumed that
the (untolled) off-peak alternative is faster and cheaper than the (untolled) peak period alternative; the
tolled tunnel peak alternative is faster than the untolled peak period alternative; and that the tolled tunnel
off-peak alternative is faster than both the untolled peak period alternative and the tolled peak alternative.
Respondents travelling in the peak hours could therefore switch to the off-peak period, either using the
tolled or untolled option, depending on the journey time increases in the peak period and the relative
time differences for the alternatives.
However, in the experiments there was no incentive for those who travel in the off-peak to switch to the
peak, certainly for the (worsening) untolled alternative (in terms of travel time); although travellers could
switch to the tolled peak period, which would be faster than the current non-tolled alternative. Whether a
traveller would consider switching to the tolled alternative in the peak period depended on whether the
respondent wished to travel in the peak. For example, a commuter may currently travel in the off-peak
period, but would rather travel in the peak if traffic were better. This may not be the case for someone
meeting a friend for lunch who would have no desire to travel in the peak period and would never choose
to do so. To avoid a situation where we had substantial non-trading across time periods for travellers
making journeys in the off-peak period, they were asked whether they would wish to make their journey
in the peak period, if traffic levels were not so bad. For those who said that they would consider making
their journey at another time in the peak period, information was collected on their preferred departure
time (PDT). For those who have a PDT in the peak period, all four alternatives were offered, including
the peak period choices. Those who said that they would never consider making their journey in the peak
period were only presented (binary) choices between untolled and tolled (off-peak) alternatives.
Further, to emphasise the implications of time period switching, departure time information was
explicitly presented to respondents for each of the alternatives. For those travelling in the peak period,
departure time changes of one and two hours were tested for the off-peak alternatives. The departure time
changes were randomly assigned across individuals.
An example choice for those travelling in the peak period is shown below.
Figure 2-1 Example choice for respondents travelling in the peak period
Which option would you choose for the journey you made between [your origin] and [your destination] for [your trip purpose]?
New tunnel, leaving at
Current route, leaving at
Current route, leaving
New tunnel, leaving one
[your prefered departure
[your prefered departure
one hour earlier or later
hour earlier or later
time]
time]
Journey time
‐ Time in freely flowing traffic
‐ Time in congested traffic
Journey cost
‐ Driving costs
‐ Toll

14 mins
67 mins

24 mins
9 mins

45 mins
4 mins

15 mins
1 mins

18 kr.

14 kr.

9 kr.
50 kr.

8 kr.
10 kr.

The table below summarises the time and cost characteristics of the different alternatives.
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Table 2-2 Summary characteristics of alternatives for those travelling in the peak period
Current route
Departure time

Alt 1: Current (PDT)

Time
Cost

T1
C1

Tolled Route

Alt 2:
Leave 1 or 2 hours
earlier
T2<T1
C2<C1

Alt 3: Current (PDT)

T3<T1
C3>C1

Alt 4:
Leave 1 or 2 hours
earlier
T4<T3 & T4<T2
C4<C3 & C4>C2

An example choice for those travelling in the off-peak period and whose PDT is in the peak is shown
below. In these choices, the respondent’s stated preferred departure time was presented along with the
observed departure time rather than a one- or two-hour departure time shifts as was used in the SC
experiment for those travelling in the peak period.
Figure 2-2 Example choice for respondents travelling in the off-peak period, whose PDT is in the
peak
Which option would you choose for the journey you made between [your origin] and [your destination] for [your trip purpose]?
Current route, leaving at
New tunnel, leaving at
Current route, leaving at
New tunnel, leaving
[your prefered departure
[your prefered departure
[departure time]
[departure time]
time]
time]
Journey time
‐ Time in freely flowing traffic
‐ Time in congested traffic
Journey cost
‐ Driving costs
‐ Toll

14 mins
67 mins

24 mins
9 mins

45 mins
4 mins

15 mins
1 mins

18 kr.

14 kr.

9 kr.
30 kr.

8 kr.
10 kr.

The table below summarises the time and cost characteristics of the different alternatives.
Table 2-3 Summary characteristics of alternatives for those travelling in the off-peak period,
whose preferred departure time is in the peak
Current route
Departure time
Time
Cost

Alt 1: Shift to PDT
T1
C1

Tolled Route

Alt 2: Current
T2<T1
C2<C1

Alt 3: Shift to PDT
T3<T1
C3>C1 & C3<C1

Alt 4: Current
T4<T3 & T4<T2
C4<C3 & C4>C2

An example choice for those travelling in the off-peak period whose PDT is in the off-peak is shown
below.
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Figure 2-3 Example choice for respondents travelling in the off-peak period, whose PDT is in the
peak
Which option would you choose for the journey you made between [your origin] and [your destination] for [your trip purpose]?
Current route, leaving at [your
departure time]

New tunnel, leaving at [your
departure time]

24 mins
9 mins

15 mins
1 mins

14 kr.

8 kr.
20 kr.

Journey time
‐ Time in freely flowing traffic
‐ Time in congested traffic
Journey cost
‐ Driving costs
‐ Toll

The table below summarises the time and cost characteristics of the different alternatives.
Table 2-4 Summary characteristics of alternatives for those travelling in the off-peak period,
whose preferred departure time is in the off-peak

Departure time
Time
Cost

Current route

Tolled Route

Alt 1: Current
T1
C1

Alt 2: Current
T2<T1
C2>C1 & C2<C1

It is noted that the design for this experiment is derived from the same one used for the four-alternative
experiments.
In order to reduce potential bias in the responses, the presentation order of the alternatives was
randomised across respondents.6 There are eight possible orders for the four-alternative experiments, and
these were randomly allocated between respondents (ensuring that the same order was used for all choice
tasks for an individual respondent):


1: Alt1, Alt2, Alt3, Alt4 (current route on left, toll tunnel on right, peak, off-peak)



2: Alt2, Alt1, Alt4, Alt3 (current route on left, toll tunnel on right, off-peak, peak)



3: Alt3, Alr4, Alt1, Alt2 (toll tunnel on left, current route on right, peak, off-peak)



4: Alt4, Alr3, Alt2, Alt1 (toll tunnel on left, current route on right, off-peak, peak)



5: Alt1, Alt3, Alt2, Alt4 (peak alternatives on left, off-peak alternatives on right, current, HT)



6: Alt2, Alt4, Alt1, Alt3 (off-peak alternatives on right, peak alternatives on left, current, HT)



7: Alt3, Alt1, Alt4, Alt2 (peak alternatives on left, off-peak alternatives on right, HT, current)



8: Alt4, Alt2, Alt3, Alt1 (off-peak alternatives on right, peak alternatives on left, HT, current)

There are only two possible orders for the two-alternative experiments: T1, T2 and T2, T1. Again, these
were randomly assigned across respondents.

6

Although it is emphasised that the presentation was not randomised across choices presented to a single
respondent. The randomisation was done for the choice presentation across respondents.
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The presentation of time and cost information was also randomised across respondents, with half the
respondents seeing the journey time attributes first and half seeing the journey cost attributes first.

2.3.3. Experimental design
The experimental design tested a wide range of VTT values, by incorporating a wide range of cost and
time differences (six levels for each attribute), as shown in Table 2-5.
For realism, the journey times and costs were varied around the reference trip. For the untolled peak
option, peak journey times and costs were calculated, based on reported journey time values (or
assumptions if the observed journey is made in the off-peak). These were then adjusted by multipliers
drawn from the experimental design (see Table 2-5 for multipliers). The journey time in the off-peak
period for the untolled alternative was assumed to be faster than in the peak period, but never faster than
the free flow time. The uncongested proportion is less than or equal to the free flow time. The congested
proportion is the remaining journey time, if any. The driving cost for the off-peak alternative is less than
the peak-hour alternative, on the basis that the congestion is less.
The Harbour Tunnel alternative was not labelled explicitly in the SC experiments to avoid political
(strategic) biases. This also allowed us to test a wider range of journey time and cost differences. The
journey time for the peak Harbour Tunnel alternative was assumed to be faster than the peak alternative
for the non-tolled option. The congestion level was assumed to be a fraction of the difference between the
peak journey time for the Harbour Tunnel alternative and free flow time. Both larger and small driving
costs, relative to the untolled peak alternative, were tested. The design also tested toll levels from zero to
50 DK.7 The journey time for the off-peak Harbour Tunnel alternative was assumed to be faster than the
peak Harbour Tunnel alternative, but also faster than the non-tolled off-peak alternative. The proportion
of congested time was assumed to be a fraction of that for the Harbour Tunnel option, in the peak. The
off-peak cost and toll were assumed to be the same or a fraction of the Harbour Tunnel option for the
peak period.
To ensure sensible adjustments as a result of a tunnel crossing for long trips, the relevant journey time was
capped at 45 minutes and adjustments were made to this component of the journey, which was then
added back on to the rest of the journey time.
Simulations were undertaken for journey times of 10 minutes, 20 minutes, 40 minutes, 60 minutes, 120
minutes and 240 minutes, with different levels of congestion (20 per cent, 50 per cent and 80 per cent)
for peak and off-peak journeys. The orthogonal design covered a wide range of VTTs, as shown in Figure
2-4 below. The boundary VTTs show the relative valuation of the travel time savings at which alternatives
are equally valued. A good spread of boundary values should cover the range where the true value is
expected to lie.

7

A zero toll level was only tested in the 10th choice, as discussed later in this chapter.
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Figure 2-4 Boundary VTTs tested in the experiments
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2.3.4. Specifying an efficient experimental design
A large number of potential scenarios were generated, utilising the relationships specified between
attribute levels. These were used to identify an efficient design (Rose and Bliemer 2009, Rose and
Bliemer, 2014). In contrast to an orthogonal design, efficient designs do not merely try to minimise the
correlation in the data, but enable estimation of parameters with as low as possible (efficient) standard
errors by minimising the trace or determinant of the asymptotic variance-covariance matrix which is a
function of the values of the parameters. Efficient designs are increasing in popularity and are now widely
used in the academic literature and leading applied studies, such as the recent UK value of time project. A
set of prior decisions (the range of coefficient estimates and model structure) is required for the design.
In addition to the statistical benefits offered by efficient designs, they also give the analyst flexibility in
avoiding dominated (or quasi-dominated) choice tasks and ensure inclusion of specific choice tasks
allowing us to test for tunnel phobia and zero cost effects. For this study, all respondents were presented
with the following choices:


At least one option where a low value of time trade-off is offered for the peak option or two
where the low trade-off occurs either from the peak to peak or off-peak to off-peak option.



At least one, with a high toll (top two levels).



One choice where there are no tolls on the new tunnel route alternatives (the 10th choice).
12
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Prior information on VTTs in Denmark was available from the Danish Value of Time study (Tetraplan
and RAND Europe 2005).8 Specifically, the mean VOT at average income levels for car drivers was 74
DKK/hr and for passengers was 61 DKK/hr (Table 6, page 17). We assume that these reflect averages
across free flow and congested conditions.
Inflation in Denmark between 2004 and 2016 (measured by CPI) was about 10 per cent (100.3/91.2).9
The following were defined as reasonable priors:


Non-business, car free flow time = 80 DKK/hr



Non-business, car congested time = 120 DKK/hr



Business, car free flow time = 100 DKK/hr10



Business, car congested time = 250 DKK/hr.

Twelve different efficient designs were then generated, reflecting different vehicle types (cars or vans),
journey purposes (business and non-business), trip lengths (short, i.e. journey time 30 minutes or less, and
long, journey time greater than 30 minutes), and experiment type (two or four alternatives), i.e.:


Business journeys by car: short and long x 2 experiment types



Non-business journeys by car: short and long x 2 experiment types



Journeys by van: short and long x 2 experiment types.

Each design generated nine choice options for each respondent. The 10th choice reflected a choice with no
toll, which was a repeat of the sixth choice without a toll.

8

The final VTTs in Denmark were developed by the Danish Technical University (Fosgerau, et al. 2008). The
analysis reported here was undertaken by Tetraplan and RAND Europe using the same data.
9

http://www.dst.dk/da/Statistik/emner/priser-og-forbrug/forbrugerpriser/forbrugerprisindeks

10

The business values are derived from the OTM 4 model.
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Table 2-5 Summary characteristics of alternatives for those travelling in the off-peak period, whose preferred departure time is in the off-peak

Observed route
Peak
Level

Tolled tunnel
Off-peak

Peak

Off-peak
Toll

Total

Uncongested

Cost

Total journey

Uncongested

Multiplier

Multiplier on

Variation

Multiplier

Multiplier on

Variation

Multiplier

journey

time

multiplier

time: Multiplier

time

on peak

presented

on

on

presented

on peak

on -

time

multiplier

on difference

multiplier

cost

peak time

congested

presented

off-peak time

HT

presented

proportion

peak cost

congestion

HT peak

from peak time
and free flow

Toll

cost

0

2

100%

2

0.6

100%

1

0.95

90%

1.5

5

0.95

100%

1

100%

1

1.7

90%

1.8

0.5

90%

0.95

0.9

70%

1.25

10

0.9

90%

0.95

90%

2

1.4

80%

1.6

0.4

80%

0.9

0.8

50%

1

20

0.8

80%

0.9

80%

3

1.2

70%

1.4

0.3

70%

0.85

0.7

30%

0.85

30

0.7

70%

0.85

70%

4

1.1

60%

1.2

0.15

60%

0.8

0.6

20%

0.7

40

0.6

60%

0.8

60%

5

1

50%

1

0.05

50%

0.75

0.5

10%

0.5

50

0.5

50%

0.75

50%
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2.4. Pilot testing
A successful pilot test was undertaken in May 2017. A total of 123 survey respondents participated in the
pilot from the Gallup panel survey. Additionally, 149 respondents returned postcard surveys.
Detailed findings were presented in a PowerPoint presentation, which has been provided to the client.
The key findings and observations from the pilot survey were:


The pilot survey and SC experiments worked as intended, but some minor adjustments were
needed (discussed below).



There were substantial differences in the trip and person characteristics in the postcard and panel
surveys. This was partly a result of the differences in recruitment methodology, and some
adjustments were needed to the sampling approach for the panel responses for the main survey
(again, discussed below).



There seemed to be little difference in the quality of the surveys done through the postcards and
panel surveys. The postcard surveys were done more slowly, but this may because the people
intercepted for these surveys were less experienced in doing surveys. The level of error in the
models describing the stated choices is about the same (measured as a ‘scale term’ in models using
both datasets).



We have observed differences in travellers’ VTTs between the panel user and postcard
respondents. However, this is largely explained by the differences in trip purposes sampled
between the panel and postcard surveys. A much larger proportion of passengers in the panel
sample also accounted for some of the difference. The remaining difference due to the different
recruitment approach was not significant in explaining differences in VTT between the two
approaches.



Leisure VTTs were found to be significantly lower than those for commuters and business
travellers. Passenger VTTs also appeared to be lower, but the difference was not significant in the
pilot survey.

2.4.1. Post-pilot amendments to sampling
The following amendments were recommended for the sampling for the main survey, on the basis of the
pilot analysis:


No weekend trips to be included in the sample (the OTM is a model of weekday trips only).



Journey time threshold to be set at 15 minutes, those whose journey times are 15 minutes or
more should be kept in the sample
o



Based on examination of the journey time distribution between 10 and 20 minutes.

Journey distance threshold to be set at 5 kms, those whose journey distances are 5 kms or more
should be kept in the sample.



Focus on business trips (as in pilot survey), but shift balance from leisure to commute trips,
which should:
o

Increase average trip length
15
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o


Reduce age profile and increase income profile.

The main sample should include fewer retired people.

It was also recommended that not more than 1000 surveys be conducted before the summer break, which
allowed for further analysis of the sample before the main survey was completed.

2.4.2. Post-pilot amendments to questionnaire
The following amendments to the questionnaire were recommended for the main survey, on the basis of
the pilot analysis:


Check that information is clear that this is for the cost of the trip, even if traveller is not paying
the cost, e.g. passengers, business travellers, etc..



If cost is input as zero ask question again, emphasising that this is the cost for the trip, even if
they are not paying the cost.



If reported costs are 50 per cent larger or smaller than estimated costs, ask for reason.



Check that the units for journey time are clear – i.e. that this is in minutes.



Check it is clear that departure time shifts are to avoid congestion.



Encourage people to take their time and to read through experiment carefully.



Drop the third and last attitudinal questions:
o

Q3 ‘Charging people to drive on roads is a good way to reduce car traffic congestion’

o

Q6 ‘Charging people to drive on roads is ok as long as the money is used for improving
public transport and facilities for pedestrians and cyclists’.

2.4.3. Amendments to choice experiments
One amendment was recommended to the calculations for the choice experiments: amend the cost factor
of the off-peak journey time assumption from 1.35 to 1.2 (based on analysis of peak and off-peak journey
times), as we judged that a cost factor of 1.35 was a little high and resulted in large cost differences
between alternatives in some of the off-peak choices.
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3. Data collection

The data collection of the SC interviews was conducted through a web-based questionnaire hosted and
managed by KANTAR Gallup. The survey sample included travellers by car having passed any of the four
bridge crossings in Copenhagen between Sjælland and Amager on a trip (the ‘reference trip’).
The respondents for the survey were primarily recruited from KANTAR Gallup’s internet panel
GallupForum, supplemented by recruitment of respondents through postcard surveys.11
A pilot survey was conducted in May 2017. The main survey was conducted from June to October 2017,
excluding the summer holiday period.

3.1. Sampling
Respondents for the survey were selected from the GallupForum panel through a screening procedure.
The GallupForum panel has more than 45,000 members who have been selected based on telephone
recruitment. It is a randomly recruited panel from which representative samples can be stratified. The
sampling base for interviewing found through the screening procedure, was:


Persons 18 years and above.



Residing in Region Hovedstaden (excluding Bornholm) or Region Sjælland.



Having made a trip (reference trip) passing any of the four harbour crossings between Sjælland
and Amager (Langebro, Knippelsbro, Sjællandsbroen, Amagermotorvejen/Kalvebodbroen).



As a driver or passenger in a passenger car or van.



On a weekday.



Within the last month (primarily last week).

A map showing the four harbour crossings and proposed Harbour Tunnel is shown below in Figure 3-1.

11

The postcard survey was undertaken by COWI. In both main and pilot surveys, postcard questionnaires were distributed to

car drivers who stopped at red traffic lights on the road passing the harbour bridges in central Copenhagen. It is in general quite
difficult to get people to participate in surveys and for postcard surveys the response rate today is much lower than it was for the
previous Harbour Tunnel Study twenty years ago. We have no information on which particular groups are most willing to
complete such surveys.
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Figure 3-1 Map of harbour crossing and proposed harbour tunnel

Interview quotas were set up with respect to the travel purpose segments for the reference trip:


Commute – trips between home and work/education



Business – trips with professional purpose in connection to work



Other – trips with private/leisure purpose.

Quotas were also initially set for drivers and passengers. The passenger quotas were relaxed during the
survey period as they proved difficult to fulfil and review suggested that fewer passenger interviews would
be sufficient.
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In the selection of reference trips from panel participants, business trips were prioritised in order to be
able to fulfil the interview quotas set out.

3.2. Pilot survey
The pilot survey was conducted to test the clarity and functionality of the questionnaire, the design of the
SC experiments and the quality of interview data.
The pilot survey included collection of interviews from panel respondents during the period 18-24 May
2017 and interview of respondents recruited by a postcard survey.
The postcard survey was conducted on 18 May, where postcards/flyers were distributed to car drivers and
passengers stopped at traffic lights at one of the two central harbour bridges, with an invitation to
complete the web-based questionnaire.
In total, 3,465 flyers were handed out between 7 am and 5 pm at Knippelsbro and Langebro in the
direction towards Sjælland, with approximately 50 per cent of the flyers distributed in the peak hours.
The response rate with completion of the SC questionnaire was 4 per cent.
An overview of the number of interviews conducted at the pilot survey is stated in the table below.
Table 3-1 Pilot survey sample size by survey approach
Sampling group

Total

Commute

Business

Other

GallupForum panel

123

28

15

80

Postcard

149

100

23

26

Total

272

128

38

106

3.3. Main survey
The interviewing for the main survey was conducted during the periods 12-28 June and 22 August to 12
October 2017. The respondents were primarily recruited via the GallupForum panel but the recruitment
of respondents to the survey was supplemented by other contact methods by Gallup in order to fulfil the
interview quotas set out.
In addition, respondents were recruited through a traffic survey conducted at the three harbour bridges
Knippelsbro, Langebro and Sjællandsbroen on 5-7 September 2017 from 7 am to 7 pm each day. Here
travellers by car or van who chose to complete the postcard questionnaire on the Internet were invited to
participate in the SC questionnaire. In total 19,300 postcards were handed out to car drivers while
stopped at red traffic lights, which accounted for 21 per cent of the total traffic during the survey periods.
The response rate for the postcard survey was 15 per cent, with 5 per cent (912 respondents) completing
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the SC questionnaire. The number of interviews conducted in the main survey distributed by sampling
group are summarised below.12
Table 3-2 Main survey sample size by survey approach
Sampling group

Total

Commute

Business

Other

Panel GallupForum

1.633

384

324

925

Gallup other

1.143

575

349

219

912

616

88

208

3.688

1.575

761

1.352

Postcard
Total

* Recruited by phone and Facebook.

12

It is difficult to compare our very specific sample – car trips across the central bridges – with data from the national travel
survey, where we only have few of these trips. Furthermore, in our study we have oversampled specific age and income groups. In
the mini pilot Gallup conducted before starting the study, they compared some socio-economic characteristics of the respondents
with the car trips in Greater Copenhagen from the TU travel survey and found a relatively good match.

20

4. Characteristics of the sample data

4.1. Introduction
This chapter describes the characteristics of the data collected for this study, including the sample size
achieved in the study (in Section 4.2), respondents’ socio-economic characteristics (Section 4.3), their
reported journey characteristics (in Section 4.4) and engagement in the SC survey (Section 4.5). All
statistics presented in this chapter reflect the full sample (pilot and main survey), while in the next chapter
the data analysis and modelling development are based on the ‘cleaned’ data (as described in Section 5.3).
13

4.2. Sample size
A total of 3,960 completed responses were collected from both the pilot and main surveys (see Table 4-1).
Of these, 73 per cent of the respondents were recruited from the online panel and 27 per cent from the
postcard survey. The balance of surveys collected by each method differs across modes and purposes. The
car commuters’ sample has a relatively balanced split between panel and postcard surveys, whereas the
other three groups (Car Business, Car others and Van) have a large proportion of the panel respondents
(over 80 per cent), supplemented with a small percentage of the postcard survey respondents.
Table 4-1 Total sample by journey purpose and survey approach (n = 3,960)

Panel
Postcard
Total

Car
Business

Car
Commute

Car
Other

Van

Total

Car
Business

Car
Commute

Car
Other

Van

Total

479

897

1,202

321

2,899

84%

56%

84%

91%

73%

92

704

232

33

1,061

16%

44%

16%

9%

27%

571

1,601

1,434

354

3,960

100%

100%

100%

100%

100%

Vans accounted for 9 per cent of the total sample. Of the 354 van users, 29 per cent were commute trips,
64 per cent were business trips and the rest 7 per cent were other purposes. Because vans were used for
both commute and other travel, they were included in the models for each journey purpose, with specific
terms to test whether the values of time for van users were different from those of car users.

13

Very few changes were made to the pilot survey and therefore it was judged that those should be included in the
main analysis.
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The distribution by journey purpose for drivers and passengers is shown in Table 4-2. It is noteworthy
that 87.5 per cent of the sample was car drivers. Of these, 45 per cent were making journeys for commute
purposes (it is noteworthy that education trips were included with commuting trips in the model
estimation process). Including passengers, 42 per cent of journeys were made for commute purposes and
20 per cent for business purposes. The rest were travelling for other purposes.
Table 4-2 Total sample by sub-journey purpose and if driver or passenger (n = 3,960)
Driver

Passenger

Total

Driver

Passenger

Total

Purpose

1,590

64

1,654

45%

14%

42%

Commute

40

9

49

1%

2%

1%

Trip with professional purpose in
connection to work

740

59

799

21%

13%

20%

Business

Trip for dropping off/picking up
things (shopping or other errand)

253

48

301

7%

11%

8%

Others

Trip to pick up/take people to
activities/transport hub

279

46

325

8%

10%

8%

Trip with other private/leisure
purpose

602

230

832

17%

50%

21%

3,504

456

3,960

100%

100%

100%

Trip between home and work
Trip between home and
education

Total

4.3. Respondents’ socio-economic characteristics
This section presents information on respondents’ socio-economic characteristics. It should be noted that
the focus of this study is to understand potential tunnel users’ willingness to pay for a hypothetical tunnel
and thus the sample reflects people who were in scope to use the tunnel and not travellers in general in
Copenhagen.

Age and Gender
Table 4-3 shows the distribution of the sample data across gender and age categories. Overall, 63 per cent
of the respondents were men and men were more likely to be interviewed undertaking commute and
business journeys (they were also slightly more likely to be interviewed making other journeys). Further,
most of the respondents were in the 40–59 age bands. Particularly, those travelling for other purposes
contained a higher proportion of the respondents aged 60 plus. The numbers of younger people (18-29
years of age) included in the survey is small.
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Table 4-3 Age and Gender by journey purpose
Commute
(1,703)

Business
(799)

Others
(1,458)

Total
(3,960)

Commute
(1,703)

Business
(799)

1,052

643

791

2,486

62%

80%

54%

63%

Female

651

156

667

1,474

38%

20%

46%

37%

18–29

109

32

74

215

6%

4%

5%

5%

30–39

274

74

177

525

16%

9%

12%

13%

40–49

498

198

258

954

29%

25%

18%

24%

Male

Others
(1,458)

Total
(3,960

50–59

557

305

433

1,295

33%

38%

30%

33%

60–69

244

155

368

767

14%

19%

25%

19%

21

35

148

204

1%

4%

10%

5%

70+

Income
Table 4-4 and Table 4-5 present the distribution of gross annual personal and household income, before
tax and insurance for each purpose. As would be expected, we observed that those travelling for commute
and business have higher personal incomes than those travelling for other purposes: 34 per cent of those
travelling for commute and 33 per cent of those travelling for business had personal incomes of 600k
DKK per year or more, compared to 18 per cent of those travelling for other purposes. A similar pattern is
found in the household income distribution.
Table 4-4 Gross annual personal income by purpose
Commute
(1,703)

Business
(799)

Others
(1,458)

Total
(3,960)

Commute
(1,703)

Business
(799)

Others
(1,458)

Total
(3,960)

less than 99.999 kr.

18

6

41

65

1%

1%

3%

2%

100.000–199.999 kr.

33

16

101

150

2%

2%

7%

4%

200.000–299.999 kr.

69

46

182

297

4%

6%

12%

8%

300.000–399.999 kr.

300

143

298

741

18%

18%

20%

19%

400.000–499.999 kr.

295

137

264

696

17%

17%

18%

18%

500.000–599.999 kr.

244

107

130

481

14%

13%

9%

12%

600.000–699.999 kr.

162

64

88

314

10%

8%

6%

8%

700.000–799.999 kr.

128

56

72

256

8%

7%

5%

6%

800.000–899.999 kr.

74

37

33

144

4%

5%

2%

4%

900.000–999.999 kr.

54

28

22

104

3%

4%

2%

3%

1.000.000 or more

149

70

40

259

9%

9%

3%

7%

Don’t know

177

89

187

453

10%

11%

13%

11%

1,703

799

1,458

3,960

100%

100%

100%

100%

Total
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Table 4-5 Gross annual household income by purpose

less than 99.999 kr.

Commute
(1,703)

Business
(799)

Others
(1,458)

Total
(3,960)

Commute
(1,703)

Business
(799)

Others
(1,458)

Total
(3,960)

5

2

9

16

0%

0%

1%

0%

100.000–199.999 kr.

17

9

51

77

1%

1%

3%

2%

200.000–299.999 kr.

27

22

86

135

2%

3%

6%

3%

300.000–399.999 kr.

92

33

124

249

5%

4%

9%

6%

400.000–499.999 kr.

136

47

139

322

8%

6%

10%

8%

500.000–599.999 kr.

109

64

122

295

6%

8%

8%

7%

600.000–699.999 kr.

124

76

123

323

7%

10%

8%

8%

700.000–799.999 kr.

158

73

138

369

9%

9%

9%

9%

800.000–899.999 kr.

149

72

121

342

9%

9%

8%

9%

900.000–999.999 kr.

151

66

89

306

9%

8%

6%

8%

1.000.000–1.249.999 kr.

228

90

127

445

13%

11%

9%

11%

1.250.000–1.499.999 kr.

120

66

57

243

7%

8%

4%

6%

1.500.000–1.749.999 kr.

80

22

23

125

5%

3%

2%

3%

1.750.000–1.999.999 kr.

39

16

10

65

2%

2%

1%

2%

2.000.000 or more

59

36

15

110

3%

5%

1%

3%

209

105

224

538

12%

13%

15%

14%

1,703

799

1,458

3,960

100%

100%

100%

100%

Don’t know
Total

The preferred VTT models (see Chapter 5) use personal income, as informed by early model tests (this is
also consistent with the OTM model specification).

Education and employment status
Below Table 4-6 and Table 4-7 present education level and employment status by purpose. With respect
to the education level, we observe a relatively even distribution across the three purposes.
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Table 4-6 Education level by purpose
Commute
(1,703)

Business
(799)

Others
(1,458)

Total
(3,960)

Commute
(1,703)

Business
(799)

Others
(1,458)

Total
(3,960)

1

3

6

10

0%

0%

0%

0%

Primary and lower
secondary school 8 to 10
years

41

40

50

131

2%

5%

3%

3%

Middle school

20

13

28

61

1%

2%

2%

2%

Upper secondary certificate,
higher preparatory
certificate, higher
commercial certificate,
higher technical certificate

141

45

116

302

8%

6%

8%

8%

Business college

301

235

393

929

18%

29%

27%

23%

Basic/final vocational
training

233

81

137

451

14%

10%

9%

11%

Short-term higher education
(under 3 years)

447

190

410

1,047

26%

24%

28%

26%

Medium-term higher
education (3 to under 5
years)

497

188

313

998

29%

24%

21%

25%

22

4

5

31

1%

1%

0%

1%

1,703

799

1,458

3,960

100%

100%

100%

100%

Primary and lower
secondary school 7 years or
less

Do not know/Will not
answer
Total

As would be expected, the commute and business segments have relatively higher percentages (over 98 per
cent) of respondents who are workers (including employed or self-employed workers), compared to the
other segment (83 per cent). In the other segment, over 14 per cent of the respondents are retired and
around 3 per cent are unemployed. There were very few commute and business respondents who stated
they were retired or unemployed: these respondents were removed in the model development stage (see
Section 5.3).
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Table 4-7 Employment status by purpose
Commute
(1,703)

Business
(799)

Others
(1,458)

Total
(3,960)

Commute
(1,703)

Business
(799)

Others
(1,458)

Total
(3,960)

Worker, unskilled (not
specialised)

47

36

77

160

3%

5%

5%

4%

Worker, unskilled
(specialised)

33

40

37

110

2%

5%

3%

3%

Worker, skilled

228

85

101

414

13%

11%

7%

10%

Salaried, lower

332

117

399

848

19%

15%

27%

21%

Salaried, higher

858

283

370

1,511

50%

35%

25%

38%

0

3

8

11

0%

0%

1%

0%

28

55

9

92

2%

7%

1%

2%

Self-employed, other

114

148

144

406

7%

19%

10%

10%

Apprentice, trainee

7

6

8

21

0%

1%

1%

1%

41

8

57

106

2%

1%

4%

3%

Retired person, early
retirement pension

8

11

199

218

0%

1%

14%

6%

Married without employment

0

0

4

4

0%

0%

0%

0%

Assisting spouse (of selfemployed person)

1

0

3

4

0%

0%

0%

0%

Unemployed

6

7

42

55

0%

1%

3%

1%

1,703

799

1,458

3,960

100%

100%

100%

100%

Self-employed,
agriculture/fishery
Self-employed, retail/master
craftsmen

Student/pupil

Total

4.4. Respondents’ travel characteristics
This section presents the key travel characteristics reported by respondents prior to the SC experiment,
specifically:


Distance, time and cost



Congestion



Frequency of trip



Group size



Activities undertaken during the trip



Trip time variability.

4.4.1. Distance, journey time and cost
In the survey, journey distances were calculated automatically from OTM level of service (LOS) data for
2015, based on the reported origin and destination locations of the respondent. LOS data were obtained
from OTM 6.1 for trips inside the Greater Copenhagen Area. Journey times were reported by
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respondents.14 Within the survey, journey costs were calculated based on the respondent’s estimated
journey distance and reported to respondents. Respondents were able to agree with the cost or enter a
revised cost (called the ‘reported cost’). The overall sample journey characteristics are reported in Table
4-8. Key points are:


The average journey distance is 37.42 km.



Time average reported journey time is 48 minutes, and the average free flow time is 35 minutes.



The estimated cost is 52DKK, while the reported journey cost is 55 DKK.

Table 4-8 Journey characteristics for all respondents
Reported Journey
time (mins)
Min.
1st Quartile
Median
Mean
3rd Quartile
Max.

Free flow time,
from LOS (mins)

Observed
distance, from
LOS (km)

Average cost 15
(DK)

Estimated cost,
based on
distance (DK)

0

0

0

0

0

25

17.7

11.54

10.65

11.15

40

24.58

21.42

23.12

24.8

48.43

35.3

37.42

51.9

54.87

55

40

44.53

54.37

55.24

600

614

999

2000

2000

Table 4-9 reports the journey characteristics (mean values) by purpose. Journeys for other purposes were
longest (at 48 km), followed by business and then commute. Correspondingly, the average journey time
for other travel was the longest compared to that for business and commute travel.
Looking at the congestion time for each purpose, commuters experienced higher levels of congestion,
reporting that 45 per cent of their total journey time was in congestion conditions. Journeys for other
purposes experienced the least level of the congestion condition, with travellers reporting that 24 per cent
of their total journey time was in congestion conditions.
As noted above, car journey costs were calculated using a fixed factor for each purpose and vehicle type.
Respondents were then asked whether they agreed with this cost estimate. Over 85 per cent of
respondents accepted the estimated cost. Respondents who provided an amended cost were asked for
reasons for the discrepancies. Most of them stated ‘the car/van operated at more expensive /less cost’.
Business travellers had the highest travel costs (both for estimated distance-based and reported cost),
reflecting the higher cost basis for journeys.

14

Free flow times were also collected from level-of-service data. These were only used as the maximum amount of
time that a journey could be undertaken in free flow conditions for the calculation of values presented in the choice
experiments when the total journey time was less than the assumed cap on city travel time (45 minutes).

15

This is the average cost for all the respondents, calculated from the estimated cost (respondents who accepted the
estimated cost) and reported cost (respondents who did not accept the estimated cost and provided a revised figure).
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Table 4-9 Journey characteristics by purpose
Commute

Business

Others

Distance (km)

29.4

35.7

47.7

Total journey time (minutes)

44.2

48.7

53.2

Congestion time (minutes)

20.4

17.1

12.6

Estimated Cost (DKK)

26.7

127.5

40.0

Reported Cost (DKK)

32.0

117.9

47.0

Figure 4-1 presents the journey distance distribution by purpose. Overall, the business and commute
distances were shorter compared to those made for other purposes. Most of the journeys in the sample
were between 3-30 km.16 However, we observed around 20 per cent of the journeys for other purposes
were in the 50-100 km distance band.
Figure 4-1 Journey distance by purpose (percentage of respondents by purpose)

Figure 4-2 shows the total journey time by journey purpose. The business journeys were shorter, on
average, compared to the other two purposes. A very small percentage of the respondents travelled less
than 10 minutes and judged that it is unrealistic for the potential tunnel users to have journeys less than
10 minutes. Therefore any journeys less than 10 minutes were removed from the sample (Section 5.3.1).
Most of the commuters travelled less than 120 minutes. In the modelling stage, we removed the
commuters with very long journey time (over 3 hours).

16

After the pilot, a minimum threshold of 5 km was set for journeys to be in scope. However, in the survey,
observations with shorter distances were collected. During the data cleaning analysis we explored the impact of these
shorter trips and found that the models were not impacted unduly by including the shorter distance trips so these
were retained for the model analysis.
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Figure 4-2 Reported total journey time by purpose (percentage of respondents by purpose)

4.4.2. Congestion
In the questionnaire, respondents were also asked to report the amount of time their journey was in
congested conditions. Commuters, on average, experienced a higher proportion of congestion in their
travel, as would be expected. Those travelling for other purposes experienced the least amount of
congestion in their travel.
Figure 4-3 Reported journey time in congestion (percentage of respondents by purpose)
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Figure 4-4 Congestion proportion to the total journey time (percentage of respondent by purpose)

Figure 4-5 presents the congestion proportion by departure time period. Reasonably, those travelling in
the peak period (for both am and pm) reported larger proportions of their journey in congested
conditions compared to the off-peak travellers.
Figure 4-5 Congestion proportion to the total journey time by departure time period

Key: AM = am peak, PM = pm peak, IP = interpeak and EP = evening period

Respondents who reported that they have experienced congestion during their journey were asked to
report the amount of the journey in minor, moderate, or severe congestion (see questionnaire (I15) for
detailed questions). The results are reported in Table 4-10. Commuters reported, on average, that 53 per
cent of their journey in congestion was severe congestion, compared to 46 per cent for business and 40
per cent for those making journeys for other purposes.
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Table 4-10 Level of congestion by purpose
Commute

Business

Other

Minor

16%

18%

23%

Moderate

31%

36%

37%

Severe
Total congestion

53%

46%

40%

100%

100%

100%

4.4.3. Travel frequency
As would be expected, commuters made their reference journey trip more frequently compared to
business and other travellers, as shown in Figure 4-6. Over 70 per cent of the commuter sample travelled
four times or more per week. Business and other travellers made much less frequent trips: 36 per cent of
business travellers and 53 per cent of other travellers travelled less than once a month.
Figure 4-6 Travel frequencies by purpose

4.4.4. Travel group size
Table 4-11 presents the group size by purpose. The other purpose sample was the most likely to travel
with passengers, 56 per cent of the journeys in the sample were accompanied, as compared to 12 per cent
for commuters and 20 per cent for the business travellers.
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Table 4-11 Travel group size by purpose
Commute
(1,703)

Business
(799)

Others
(1,458)

Total
(3,960)

Commute
(1,703)

Business
(799)

Others
(1,458)

Total
(3,960)

Number of adults
Travel alone

1,495

638

639

2,772

88%

80%

44%

70%

1 other adult

184

113

630

927

11%

14%

43%

23%

24

48

189

261

1%

6%

13%

7%

1

47

12

107

166

3%

2%

7%

4%

2+

14

3

73

90

1%

0%

5%

2%

1,703

799

1,458

3,960

100%

100%

100%

100%

2 + adults
Children (aged 0-14)

Total

4.4.5. Departure and arrival time (preference and flexibility)
As expected, there was substantial variation of departure time across purposes, as shown in Figure 4-7.
Over 45 per cent of the commute trips were made in the am peak. Most of the business trips (over 45 per
cent) were made during the inter-peak period (IP).
Figure 4-7 Departure time period by purpose

Key: AM = am peak, PM = pm peak, IP = interpeak and EP = evening period

Respondents were asked if they were making their journey at their preferred time, if traffic was not an
issue. Overall, 60 per cent of respondents made journeys at their preferred departure time. As expected, a
higher proportion of commuters were not travelling at their preferred departure time (44 percent),
compared to those travelling for business and other purposes (37 per cent and 31 per cent respectively).
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Table 4-12 Preferred departure time or not
Commute
(1,703)

Business
(799)

Others
(1,458)

Total
(3,960)

Commute
(1,703)

Business
(799)

Others
(1,458)

Total
(3,960)

Preferred departure time

950

504

1,011

2,465

56%

63%

69%

62%

Not preferred departure time

753

295

447

1,495

44%

37%

31%

38%

1,703

799

1,458

3,960

100%

100%

100%

100%

Total

Respondents who stated the current departure time period was not their preferred option were also asked
what their preferred departure time would be if traffic was not an issue. A total of 27 per cent of
respondents indicated that that they would shift their journey time by more than 2 hours. The time
shifting information was used to tailor the SC experiment for respondents who travelled during the offpeak but preferred to travel in the peak. Initial model tests showed that including the responses with very
high departure time shifting could distort the model estimates of the time components. Therefore, we
undertook a case-by-case review of the respondents whose time shifts were over 2 hours, retaining only
those that were judged to be reasonable (see Section 5.3.1 for details).
Respondents were also asked about the flexibility of the arrival time at their destination. Those travelling
for business had the least flexibility (45 per cent of the sample said that they had to arrive at a certain
time), compared to those travelling for commute and other purposes (where just over one third had to
arrive at a certain time).
Table 4-13 Arrival time flexibility
Commute
(1,703)

Business
(799)

Others
(1,458)

Total
(3,960)

Commute
(1,703)

Business
(799)

Others
(1,458)

Total
(3,960)

At a certain time

572

357

513

1,442

34%

45%

35%

36%

There was some flexibility

780

267

410

1,457

46%

33%

28%

37%

It did not matter at all

351

175

535

1,061

21%

22%

37%

27%

1,703

799

1,458

3,960

100%

100%

100%

100%

Total

4.4.6. Cost sharing and reimbursement
Nearly 80 per cent of respondents made journeys that were paid for by themselves. Those travelling for
other purposes had the highest percentage of the trips paid by themselves (93 per cent), while only 33 per
cent of those making business journeys paid the cost themselves. A total of 62 per cent of those making
business journeys and 14 per cent of those making commute journeys indicated that their travel was
reimbursed by their employers.
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Table 4-14 Cost reimbursement by purpose

No

Commute
(1,703)

Business
(799)

Others
(1,458)

Total
(3,960)

Commute
(1,703)

Business
(799)

Others
(1,458)

Total
(3,960)

1,442

267

1,353

3,062

85%

33%

93%

77%

238

495

51

784

14%

62%

3%

20%

23

37

54

114

1%

5%

4%

3%

1,703

799

1,458

3,960

100%

100%

100%

100%

Yes, my trip was reimbursed
by my employer
Yes, my trip was reimbursed
by someone else
Total

Twelve per cent of the commuters, 20 per cent of the business travellers and 56 per cent of those
travelling for other purposes made their trips with passengers.
Drivers who were accompanied by others were asked if they were sharing the cost with those others. We
found that in total only 2% of the total trip costs were shared between drivers and passengers.
Table 4-15 Cost sharing – drivers
Commute
(1,703)

Business
(799)

Others
(1,458)

We shared the cost of
driving between us

12

1

I paid all cost myself

81

I did not pay anything –
others paid the cost
It doesn’t really matter
because we are from the
same family

Total
(3,960)

Commute
(1,703)

Business
(799)

Others
(1458)

Total
(3960)

56

69

1%

0%

4%

2%

23

299

403

5%

3%

21%

10%

6

1

10

17

0%

0%

1%

0%

52

3

195

250

3%

0%

13%

6%

Note that the percentages reflect the percentages relative to the total sample which is reported in the brackets.

Passengers were also asked about cost sharing, reporting that only 1 per cent of the total trip costs were
shared between drivers and passengers, with another 1 per cent of the total trip costs paid by passengers, as
shown in Table 4-16.
Table 4-16 Cost sharing – passengers
Commute
(1,703)

Business
(799)

Others
(1,458)

20

7

I paid all cost myself

4

We shared the cost of
driving between us

10

I did not pay anything –
others paid the cost
It doesn’t really matter
because we are from the
same family

The driver paid all the costs

Total
(3,960)

Commute
(1,703)

Business
(799)

Others
(1,458)

Total
(3,960)

77

104

1%

1%

5%

3%

1

34

39

0%

0%

2%

1%

1

47

58

1%

0%

3%

1%

2

2

3

7

0%

0%

0%

0%

19

3

110

132

1%

0%

8%

3%

Note that the percentages reflect the percentages relative to the total sample which is reported in the brackets.

34

Quantifying travellers’ willingness to pay for the Harbour Tunnel in Copenhagen

4.5. Respondents’ attitudes towards the tunnel and congestion
After the experiment, respondents were asked a series of attitudinal questions to understand their views on
traffic congestion and the use of tunnels. Table 4-17 shows the average scores for the questions on
congestion. The average scores are similar across the three journey purposes. On average, travellers for
other purposes were more likely to agree with the statement that ‘Air pollution generated from cars is a
serious problem’; and they gave marginally higher scores (more strongly agree) to the statements on the
new toll charges or road user charging, as long as the charges were used for the facilities or for providing
high quality roads.
Table 4-17 Average score to attitudinal questions (1 = strongly disagree, 7 = strongly agree)
Commute

Business

Others

Total

Traffic congestion is a serious problem in Copenhagen

5.76

5.77

5.52

5.67

Air pollution generated from cars is a serious problem

4.87

4.88

5.15

4.98

Charging people to drive on a new bridge or tunnel is ok
if the charges are used for that facility

4.58

4.71

4.83

4.70

Charging people to drive on roads is ok as long as the
money goes back into providing high quality roads

4.33

4.47

4.51

4.43

Figure 4-8 shows responses to the questions on respondents’ attitudes towards congestion and road
charging across all the purposes. Some 80 per cent of respondents agreed with the statement that ‘traffic
congestion is a serious problem in Copenhagen’. Over 60 per cent of all respondents agreed that air
pollution generated from cars is a serious problem and that charging people to drive on a new bridge or
tunnel is ok if the charges are used for that facility. Lastly, over half the sample agreed that is it ok to
charge people to drive on roads as long as the money goes back into providing high quality roads.
Figure 4-8 Agreements with attitudinal statements

The findings about the use of tunnels are reported in Section 5.9 on measuring ‘tunnel phobia’.
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5. The stated choice models

5.1. Model development process
This chapter presents the process to analyse the SC data, which involved a systematic five-step approach as
shown in Figure 5-1. The first step was to review and clean the data to ensure that they met appropriate
quality standards. We also examined the choice data to explore trading patterns during this step.
Secondly, a series of model tests was undertaken to determine whether an additive or multiplicative model
specification was more appropriate. Thirdly, we tested for reference dependence for each journey purpose.
Fourthly, for each journey purpose, we tested and identified a wide range of covariates. Fifthly, for each
journey purpose, random heterogeneity elements were incorporated into the model specification and the
final model specification was identified. Note that Steps 2 to 5 indicated the aspects we examined, not
necessarily the sequential order of the model development. For instance, we examined the Multinomial
Logit (MNL) models and Mixed Logit (MXL) models in Step 2 to determine the best formulation of the
model structure.
Figure 5-1 Process for developing the SC models

Step 1
Step 2
Step 3
Step 4
Step 5

• Survey data cleaning
• Model specification test (Additive or multiplicative models)
• Reference dependence tests (size and sign effects)
• Deterministic heterogeneity tests
• Random hetergeneity tests

It is noted that we drew heavily from the UK VTT work (Hess et al. 2017).

5.2. Modelling glossary terms
To aid in understanding the models, we provide a glossary of terms used in the model development and
describe the statistical features of the choice models.
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Table 5-1 Glossary of model terms
Terms

Abbreviated
terms

Definition

Obs

The number of choice observations included in the model estimation (reflecting
the number of respondents and number of choice scenarios).

Final log (L)

Final LL

This indicates the value of the log-likelihood at convergence. The log-likelihood
is defined as the sum of the log of the probabilities of the chosen alternatives
across all observations, and is the function that is maximised in model
estimation. Comparing the log-likelihood of two nested models estimated on the
same data allows the statistical significance of new model coefficients to be
assessed properly through the Likelihood Ratio test.

Degree of
Freedom

D.O.F.

Degrees of freedom, i.e. the number of coefficients estimated in this model.
Note that if a coefficient is fixed then it is not a degree of freedom.

Adjusted rhosquared

Adj.

This is a further goodness of fit measure derived from the log-likelihood, which
‘adjusts’ for the number of parameters in the model.

Observations

Sign

The sign of the coefficient indicates the direction of impact on utility for that
attribute. A positive sign indicates that the attribute has a positive impact on
respondents’ choices and therefore a higher value for the attribute is preferred
by respondents, and vice versa.

Magnitude

The magnitude of the coefficient indicates the degree of preference. The larger
the coefficient the stronger the impact on utility/choice for the attribute.

t-ratio

t-rat

This indicates the significance of the coefficient. A ‘t-ratio’ equal to (+/-) 1.96
indicates that the corresponding coefficient is significant at a 95 per cent level
and in practice is the minimum acceptable level at which the effect implied by
the coefficient is called significant. If we apply tests against zero and one, then
they are distinguished by notation t(0) and t(1) respectively.

Value of travel
time

VTT

The monetary value of travel time.

Value function
for a cost change
Value function
for a time
change
‘Underlying’ VTT
parameter

∆
∆

θ

A mathematical expression representing the monetary value of a change in
travel cost from a given reference cost.
A mathematical expression representing the monetary value of a change in
travel time from a given reference cost.
This refers to the underlying VTT.

Scale parameter

This refers to the scale of the estimated model, which is related to the variance
of the associated error terms.

Elasticities

These parameters refer to the elasticities of VTT with respect to income,
distance, cost and time.

Covariate
parameters

These parameters represent the interaction of VTT with various features of the
travellers and trip.

dBF parameters

, ,

These parameters represent various effects of size and sign on VTT.

5.3. Data cleaning
A key step prior to development of the models was a review of the quality and reliability of the data and
the removal of data that were judged to be unreliable or of poor quality. The data cleaning followed a
systematic approach which is generally in line with the UK VTT study (see Table 5-2 for a comparison of
data cleaning criteria between the UK VTT study and this study). The overall principles in the data
cleaning process were:


The choice observations were only removed when absolutely necessary and to avoid bias.
38

Quantifying travellers’ willingness to pay for the Harbour Tunnel in Copenhagen


When a concern was identified for an individual, all of the choice observations from that
individual were removed from the dataset.

Below we outline the detailed data cleaning criteria and the impact on the model results.

5.3.1. Data cleaning criteria
Data cleaning involved the application of the following criteria. The impact of data cleaning on the
number of choice observations affected and on modelling tests is presented in Table 5-3:


Eliminating all those individuals who reported a very small travel cost (C5), travel time
(C1) and/or distance (C4): This was particularly the case when these values were judged to be
unrealistic for making a trip across the harbour. Moreover, because the SC experiments ‘pivoted’
around the travel costs and times for the observed reference journey, these very small values
would have led to presentation of nonsensical choice scenarios. We tested two options of data
cleaning as outlined in Table 5-3. The first option involves a higher threshold in time (C1) and
distance criteria (C4) compared with Option 2, which is slightly less restrictive.



Exclusions for ‘extreme’ journey times (C2 and C3): Very long journeys were removed from
the dataset, on the basis that these could have a significant influence on model parameters. Again
we tested two options, with Option 1 (240km) having a lower threshold compared to Option 2
(360km). Commuting trips over 3 hours were removed.



Checking reported journey characteristics ratios (i.e. DKK per hour, km per hour C6C10): In the SC experiments, the journey distance and driving costs were calculated from OTM
level of service information, based on the respondents’ stated origin and destination. We then
calculated the ratio of the driving cost to reported time and distance, as well as time to distance
(i.e. speed) to check whether the ratios looked reasonable. The test criteria largely followed the
UK VTT study with a small adjustment for speed limits because the driving speed limit in
Denmark is 130 kph (higher than the speed limit in the UK), so we set the upper speed limit to
150 kph (see Table 5-2 for comparison).



Exclusions for very large departure time shifts (C11): The size of the departure time shift is
used in the modelling for respondents whose current journey was made in the off-peak period but
who preferred to travel in the peak. Among them, 72 respondents’ departure time shifts were over
two hours. Initial model tests found that keeping the very high departure time shift responses in
the models distorted the value of the departure coefficient. Therefore, a case-by-case review was
undertaken by considering their reported journey time, journey purpose, departure time period
and preferred departure time period. For example, one respondent stated a departure time shift of
five hours (current departure time of 09:00, preferred departure time of 14:00) to avoid
congestion for a journey of 14 minutes. We judged that this was not sensible and removed this
respondent on the basis that they had probably misunderstood the departure time shift question
(i.e. that it was to avoid congestion). After the review, we removed 42 respondents in this
category (1.1 per cent of the sample).



Removing respondents who were presented with negative values in the SC experiments
(C12): Very few choices (73 out of 39,600) have negative costs for some of the SC alternatives.
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This could occur when the reported journey time was more than 45 minutes but with a very
small journey distance (less than 15km), as a result of capping the time and cost adjustments in
the SC design. 34 respondents were removed as a result.


Other covariates: Respondents were also removed who reported their journey purposes as
commuting or business but who indicated that they were unemployed. In total, 14 respondents
were excluded due to this criterion (0.4 per cent of the sample).

Table 5-2 Comparison of data cleaning criteria between the UK VTT study and the Harbour
Tunnel study
UK VTT

Distance (miles for UK and km for HT)
Time (hours)
Cost (£ for UK and DKK for HT)
Journey costs: £/hour; DKK/hour
Journey costs: £/mile; DKK/km
Journey speed: (kph)
Departure time shifting (hours)

HT VTT

Lower

Upper

Lower

Upper

<0.5

>700

<5

-

-

-

<0.25

>4

<£0.1

-

< 2DKK

-

<2

>40

-**

>400

<0.02

>1

<0.1

>10

<8

>120

<5

>150

-

-

>2

** A lower bound on the journey cost/time (<16 DKK/hr) would impact 432 respondents, and therefore we did
not implement this lower bound.

5.3.2. Quantifying the impact of data exclusions
As part of the cleaning process, models were estimated to quantify the impact of each data cleaning
criterion on model fit. Table 5-3 summarises the number of respondents that were excluded by each data
cleaning criterion, as well as the model results. All models were estimated using a simple additive model
specification in willingness-to-pay space. No purpose segmentation is considered. For each model, we
present two model fit indicators: the final log likelihood and Rho²(0), along with the estimated value of
time for each time component (in DKK/min).
It can be seen that some of the exclusions improved the model performance – for instance, C2, C4, C9
and especially C11, where we found the model fit improved. This reassured us that the data exclusion
improved the ability of the model to replicate respondents’ choice behaviour. We also found that for C1,
C2 and C4 where two options were tested, that the relaxed criteria for Option 2 (C2) did not lead to a
substantial worsening of model fit. In fact, for C1, Option 2 achieves a better model fit compared to the
first option. We selected Option 2 on the basis that it was valuable to retain as much data as possible for
the modelling and that the relaxation of the inclusion criteria did not lead to a worse model performance.
In total, 256 respondents were removed from the model analysis (6 per cent of the total). Among them,
73 were from commuting purpose (4 per cent of the group), 84 from business group (11 per cent of the
group) and 99 from others group (7 per cent of the group).
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Table 5-3 Summary of data cleaning tests
Criteria

Number of
respondents
removed

%
sample

Obs. in
model*
35,235

-35450

0.082

0.760 (11.0)

1.28 (17.9)

0.134 (3.9)

1.26 (22.6)

86

2.2%

34,560

-34899.8

0.081

0.757 (10.8)

1.27 (17.6)

0.131 (3.8)

1.27 (22.3)

Full
C1

Reported journey time >= 15 mins

Final log
(L)

Rho²(0)

VTTFF

VTTCG

DDEPWTP

Toll

C1_Opt2

Reported journey time >= 10 mins

26

0.7%

35,055

-35296.3

0.082

0.756 (10.9)

1.28 (17.7)

0.132 (3.9)

1.26 (22.5)

C2

Reported journey time <= 240 mins

27

0.7%

34,992

-35222.4

0.083

0.763 (11.0)

1.27 (18.1)

0.135 (4.0)

1.25 (23.0)

C2_Opt2

Reported journey time < = 360 mins

7

0.2%

35,172

-35400.7

0.082

0.762 (11.0)

1.28 (17.9)

0.133 (3.9)

1.26 (22.7)

C3

Commuters’ time less than 3 hours

2

0.1%

35,217

-35422.8

0.082

0.760 (11.0)

1.28 (17.9)

0.133 (3.9)

1.26 (22.6)

C4

Observed distance > 5km

45

1.1%

34,902

-35118.2

0.083

0.767 (11.0)

1.30 (17.8)

0.133 (3.9)

1.28 (22.3)

C4_Opt2

Observed distance > 3km

31

0.8%

35,100

-35290.6

0.083

0.769 (11.1)

1.30 (17.9)

0.134 (3.9)

1.27 (22.4)

C5

Reported cost > 2DKK

34

0.9%

C6

Rptd. Cost/Obsd. Distance > 0.1

26

0.7%

35,217

-35433

0.082

0.748 (11.0)

1.26 (18.1)

0.132 (3.9)

1.25 (23.1)

C7

Rptd. Cost/Obsd. Distance <10

22

0.6%

35,037

-35238.9

0.082

0.750 (10.8)

1.28 (17.8)

0.129 (3.7)

1.26 (22.5)

C8

Rptd. Cost/Reported time <400

29

0.7%

35,235

-35450

0.082

0.760 (11.0)

1.28 (17.9)

0.134 (3.9)

1.26 (22.6)

C9

Speed (Obsd. distance/Reported
journey time) >= 5

19

0.5%

35,190

-35390.1

0.083

0.768 (11.1)

1.29 (17.9)

0.133 (3.9)

1.27 (22.5)

C10

Speed (Obsd. distance/Reported
journey time) < = 150

15

0.4%

35,100

-35324.7

0.082

0.735 (11.2)

1.24 (18.7)

0.128 (3.9)

1.23 (24.3)

C11**

For those whose departure time will
be considered in the model,
departure time shifting < 120, a
case by case review

42

1.1%

34,857

-34891.1

0.084

0.846 (13.1)

1.30 (18.6)

0.219 (7.7)

1.24 (23.0)

C12

Negative attributes

34

0.9%

34,938

-35076.2

0.082

0.747 (10.8)

1.28 (18.1)

0.123 (3.7)

1.26 (22.7)

14

0.4%

C13

For business and commute purposes,
respondents’ employment status is
not un-employed
* Excludes the 10th choice in the choice dataset
** Followed a case-by-case review
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5.3.3. Respondents’ engagement with the SC surveys
One way of examining whether people have engaged in the choice exercises – and therefore informing our
judgement as to the reliability of the outputs – is to investigate the level of trading between the
alternatives in the choice exercises. Here we explore the trading characteristics of the choice experiments.
In the SC experiments the four alternatives presented were: A (current peak journey), B (current off-peak
journey), C (tunnel peak journey) and D (tunnel off-peak journey). Respondents who currently travelled
during off-peak time and stated that they would not change the departure time were presented with two
alternatives only (A and C). Table 5-4 shows the proportions of respondents who saw the 2-alternative
and 4-alternative experiments. A total of 76 per cent of commuters participated in the four-alternative
experiment, whereas over half of the business and other travellers received only two alternative SC choices.
Table 5-4 Number of alternatives presented to respondents by purpose

2-alts SC experiments
4-alts SC experiments
Total

Commute

Business

Others

Total

24%

58%

54%

42%

76%

42%

46%

58%

100%

100%

100%

100%

The Venn diagram in Figure 5-2 shows the trading behaviour by respondents. The percentages reflect the
proportion of respondents who chose one or two alternatives (the overlap areas in the diagram show the
proportion of respondents who switched between the alternatives within the experiment).17 Those
respondents who make trades, i.e. the proportions in the overlap areas, provide the most information for
the key model parameters. We emphasise that it is appropriate that some respondents will always choose
the same alternatives, for example 9 per cent of respondents always preferred their current peak journey
(Alternative A). Thirty-four per cent of the respondents always selected between current peak and off-peak
journeys (A and B).

17

In addition, 1 per cent of respondents always preferred B (off-peak current route) or C (peak tunnel), and 1 per
cent of respondents always preferred A or D. Those making choices between 3 or 4 alternatives are not shown. In
total, twenty-one per cent of the respondents made choices across three or four alternatives.
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Figure 5-2 Trading-off behaviour across four options

Note: Trading behaviour is only shown for respondents who chose one or two alternatives. Those who made
choices between three or four alternatives are not presented.

We found in general that there was a good balance of choices across the four alternatives, which would
support robust model estimation on the value of travel time savings and the alternative specific constant
terms.
Table 5-5 shows the aggregate choices by respondents, for different journey purposes. For the twoalternative experiment, commuters were split 50:50 across the two alternatives. Business travellers had a
small preference for the tunnel alternative, while other travellers had a preference for the current
(untolled) alternative. For commuters and other travellers who completed the 4-alternative, the split was
fairly even between the tolled tunnel and untolled route, with a higher proportion of respondents
choosing off-peak options. Business travellers showed higher preference for the tunnel options, especially
for the tunnel in the off-peak period.
Table 5-5 Aggregate choices by purpose
2 Alts

4 Alts

Current

Tunnel

Current peak

Current off‐peak

Tunnel peak

Tunnel off‐peak

Commute
Business
Others

50%
47%
58%

50%
53%
42%

22%
18%
24%

28%
23%
30%

19%
23%
18%

31%
36%
28%

Total

53%

47%

22%

28%

19%

31%

5.4. Model development
To determine the best model specification, we have undertaken a series of tests, following the model
formulation and development from the UK Value of Time study (DfT 2015, Hess et al. 2017).
Specifically, we explore whether additive or multiplicative error structures are more suitable, quantifying
reference dependence (size and sign effects, see Section 5.5) and the incorporation of deterministic
(through socio-economic segmentation, see Section 5.6) and random heterogeneity in the valuations
(Section 5.7).
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Throughout the model development, correlation between choice observations from the same individual
was properly taken into account by calculating the robust standard errors using R Package. This
calculation treats the block of choices for one person as an observation, rather than working with
individual choices, and thus incorporates some of the correlation across choices for the same person in the
error calculation.
During the model development, we removed the 10th choice observation, which contained a zero toll cost
level. Further model tests were undertaken including this observation at the completion of the model
estimation work (see Section 5.8).

5.4.1. Additive or multiplicative error structures?
One of the first key decisions taken was whether the models should reflect an additive or multiplicative
error structure. Because of the timescales for the study it was not possible to test all models with both
additive and multiplicative error structures. This decision was required at a relatively early stage of the
model analysis, before we examined reference dependence (which is specified differently for additive and
multiplicative models) and socio-economic segmentation.
In a random utility model, the utility is decomposed into a deterministic and a random component, the
error term (e.g. Ben-Akiva and Lerman 1985). Additive models have been widely used in most VTT
studies previously conducted, where the utility function can be written as:
(5.1)

where V and represent the deterministic and random components of utility, respectively.
Multiplicative models (MM) were tested in the UK VTT study (Hess et al. 2017) and the Danish
National VTT study (De Borger and Fosgerau 2008). Theoretically, this formulation can be
advantageous because the utility variance increases as utility increases – in essence accommodating greater
noise on longer trips. This is reasonable, as it would be our expectation that for longer trips there are more
factors that could be influencing decisions and of which the analyst is not aware. The UK VTT study
found better results with a multiplicative model structure (Hess et al. 2017). In the MM formulation,
instead of adding to the deterministic utility, the error component is included by multiplying the
deterministic part (Hess et al. 2017), i.e.:
∙

(5.2)

In practice, the multiplicative model is estimated by taking the logarithm of each side of the equation:18
(5.3)

The error term in (5.2) follows a log-extreme-value distribution, following Fosgerau and Bielaire (2009),
so that a simple logit model can be used to formulate the multiplicative formulation as ε now follows an

18

To implement the formulation, we need to ensure that both V and are positive.
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extreme value distribution. The multiplicative models were also estimated in WTP space, where the
deterministic utility V for respondent j is written as:
∙

∑

∑

is a positive scale parameter, and ω

where

for reductions/increases in the K time (

(5.4)

and ω

are monetary values (i.e. willingness to pay)

) and non-time utility components (

).

5.4.2. Testing the implication of multiplicative model formulations
Additive and multiplicative models were developed for all data and each journey purpose, both for
multinomial (MNL) and mixed (MXL) logit formulations (Train 2009). Table 5-6 below presents the
model comparison of the two forms using all data. A number of observations are made:


The multiplicative structure fits the data much better in the MNL models, but the additive
structure has some advantages – in terms of model fit – in the MXL models.



We experienced convergence issues in the MXL additive models and were not able to obtain a
covariance matrix for one of the MXL models. This was considered a serious issue given the time
constraints for the modelling work.



The VTT estimates were judged to be too low in the MNL version of the additive model.



The toll multiplier was judged to be more reasonable in the multiplicative MNL model than in
the additive model, and they were both fine in the mixed models.



VTTs were judged to be high for the mixed multiplicative model at the mean, but the median
was judged to be reasonable.



The VTTs from the additive mixed models were much lower at the median, which was an area of
concern.



The level of random heterogeneity is slightly lower in the multiplicative model.

Table 5-6 Comparison of additive and multiplicative model formulations, all data
Additive
Final log (L)
VTT free flow (fixed)

Multiplicative

MNL

MXL

MNL

MXL

-33,386.00

-25,013.00

-32,800.34

-25,174.80

0.93

0.44

VTT free flow (median)

0.69

1.08

VTT free flow (mean)

1.74

2.32

VTT free flow (sd)

2.20

2.70

Coefficient of variation

1.26

1.16

VTT congested (fixed)

1.52

0.62

VTT congested (median)

1.18

1.69

VTT congested (mean)

2.36

3.20

VTT congested (sd)

2.62

3.43

Coefficient of variation
Toll multiplier

1.11
1.47

1.26
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Table 5-7 presents the comparison of the two model formulations for each journey purpose (commute,
business and other travel). The models also contain terms to control for potential confounding effects of
the data collection method (by panel or postcards, or via devices) and for SC design effects (for instance
position of the time components presented in the choices). The models do not incorporate random taste
heterogeneity, because of the longer run times for these models. They also do not incorporate reference
dependence (which will be discussed in the following section), because the specification is different in the
two model structures.
Table 5-7 Comparison of additive and multiplicative MNL model formulations, by journey purpose
Commuting

Business

Other travel

Additive

MM

Additive

MM

Additive

MM

Observations

14,598

14,598

6372

6372

11997

11997

Final log (L)

-15,840

-15,647

-5,657

-5,625

-10,593

-10,532

Rho²(0)

0.11

0.12

0.28

0.29

0.29

0.29

Design effects

Y

Y

Y

Y

Y

Y

Reference dependence

N

N

N

N

N

N

Panel/device

Y

Y

Y

Y

Y

Y

Random component

N

N

N

N

N

N

Covariates

N

N

N

N

N

N

As can be seen in Table 5-7, the model fit for the multiplicative models is better for all purposes.
Based on the above evidence, multiplicative structures were adopted for the main data analysis. Unless
otherwise noted, all further tests were therefore undertaken using multiplicative formulations.

5.5. Reference dependence
There is ample evidence in the literature indicating that stated choices are influenced by the sign of
changes (i.e. losses are valued more than gains) and the size of the change (i.e. the size of the time or cost
change impacts the value of the change) relative to base/reference values (see Daly, Tsang and Rohr
(2014), for example). These empirical findings are related to Prospect Theory (Kahneman and Tversky
1979). In line with the UK VTT study, we therefore tested reference-dependent effects following the de
Borger and Fosgerau (2008) (dBF) approach. In the formulation for this study, time and cost differences
were measured between the values presented in the choice experiments and the base (observed trip) values,
not between alternatives (which would only be suitable for binary choice settings anyway).
In the present study, we define the value of a change ∆ relative to the reference value
∆

∆ .

where: ∆

∆

,

.|

1

:

|

(5.5)

∆



S ∆x is the sign function, defined for ∆x



η gives the difference between gains and losses, η measures the sign effect; we expect η

0 by S ∆x

losses mattering more than gains
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β allows the impact of size of gains and losses to be non-linear. If

0, the marginal value of

changes decreases as the size of the change increases. We anticipate

is larger for cost than for

time, so that VTT increases as the changes in both time and cost increase.


γ allows the non-linearity of value to be different for gains and losses. It is the interaction
between the sign and size effects. A negative value for

means, for example, that any damping

would be smaller for increases than for decreases from the reference value.
To calculate the implied VTT, solving the equation
value functions
|∆ |
|∆ |

∆

∆ |∆ |

∆ ′

∆′

0, for the gain-loss average

we obtain, for oppositely signed ∆ and ∆ :

|∆ |
|∆ |

(5.6)
|∆ |

(5.7)

where
VTT (per unit of time) can now be written as:
|∆ |

|∆ |

|∆ |

(5.8)

VTT is a function of the change in time, except when

, which gives

1. Note that this value is

not obtained by differentiation of the value functions. 19
Results for the MNL model are presented in Appendix B (B.1). No significant correctly signed reference
dependence terms were identified in the models with random heterogeneity.

5.6. Deterministic heterogeneity tests
As part of the model development, we undertook a series of tests to understand the impact of respondents’
socio-demographic characteristics and journey characteristics on the resulting VTTs. We also examined
the impacts of SC design and data collection approaches on the scales and VTTs’ estimates. The design
effects include the position of the time relative to cost attribute, and the position of the alternatives
presented in the choices.

5.6.1. Income, cost, time and distance elasticities
Consistent with the UK VTT study, the impacts of continuous effects – i.e. for reported income, trip
distance from the LOS data, reported journey time and reported journey cost – are represented through
elasticity terms ( . For example, the formula for the impact of income would be:

See Hess et al., (2017) for more details. If
1, as occurs in this study, the value,
equation, is the same as would be obtained by differentiation.

19
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,

,

where

,

,

(5.9)

is then the income multiplier for respondent n, which is used to multiply the cost

attribute in Equation 5.4.
Note that the ‘not reported’20 term is only relevant for income (all respondents have base cost, time and
distance values).
In early tests we examined the impact of household income and personal income, finding that the models
with personal income achieved a better model fit. This is consistent with the OTM model and the UK
VTT study.
As shown in Equation 5.9, the elasticity formulation requires the use of a normalisation for the
denominator in the elasticity calculations. The choice of normalisation is arbitrary, and we adopted the
following as the average values used in the calculation:


Average personal income = 550k DKK



Average travel distance derived from LOS data = 35 km



Average reported journey cost = 50 DK



Average reported journey time = 45 minutes.

These average values were obtained from analysis of the overall sample. Values are rounded for simplicity.
For consistency, these same values need to be used in the sample enumeration implementation of the
model. The comparison of the elasticities for the MXL model is presented in Section 5.7.5. The results of
the MNL model are presented in Appendix B.2.1.

5.6.2. SC experiment design effects
As in the UK VTT study (Hess et al. 2017), multiplicative design effects coding was used to take account
of potential biases resulting from the position of time and cost components in the choice experiments.
The model specification with multiplicative design effects coding is written as:

_

(5.10)

_

This specification means that the resulting VTT will reflect the average situation (geometric mean) of the
position of cost and time in the experiments.
The values for the models incorporating random heterogeneity are reported in Section 5.7. The results
for the MNL models are presented in B.2.2.

20

This is for respondents who selected “Do not know/Will not answer” in the question on income.
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5.6.3. Taste heterogeneity
We tested the impact of socio-economic characteristics, journey characteristics and variants of the survey
data collection on VTT. For most of these factors, multipliers on base VTTs are used, with one category
specified as the base. This specification can be written as:
∗

(5.11)

All t-statistics for multipliers are measured relative to 1.
Separate multipliers were applied to each of the time components: free flow time, congested time and
departure time shifts. The model outputs were then examined to see if any of the impacts across different
time components were significantly different from each other, and if they were not they were then
combined across the time components. These tests were conducted within the purpose-specific models. In
some cases the multipliers were not significantly different from the base. We retained most of the
multipliers in the MXL model tests, on the basis that we wanted to wait until the final models were
developed before dropping key socio-economic terms.
For journey characteristics, we tested valuation differences across different segments by:


Drivers and passengers



Cars and vans



Journey frequency



Frequency of using bridges in Copenhagen



If the departure time is the preferred one



If there is flexibility on the arrival time



Number of passengers (adults, and children)



If the cost is reimbursed for the journey



Travel time period



Travel time components.

For the socio-economic characteristics, we tested valuation differences across different segments by:


Gender



Age group



Income (as elasticities)



Car ownership



Family status



Housing status



Education



Employment.
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For the survey data collection, we tested valuation differences across different segments by:


Data collection: panel or postcard



Device used: mobile/personal computer/tablets/others.

5.6.4. Scale parameters
In addition to testing the impact of socio-economic, journey and survey methodology characteristics on
the resulting time valuations, we also tested the impact of data collection on the model scale parameters
(see Bradley and Daly (1991) for a detailed discussion) in order to understand the impacts of these on the
error variances of the responses:


Survey data collection: main or pilot



Data collection approach: postcard and panel



Device used to complete the survey: mobile/pc/tablets/others.

Initial MNL model tests (see Appendix B.2.3 ) indicated that the different data collection approaches did
not have a significant impact on the error variances of the responses, i.e., respondents recruited from the
panel survey were not necessarily making choices that were less easy to explain by the analyst than were
those from postcards. The separately-estimated scale terms were therefore dropped to reduce the
complexity of the models and reduce the model run times; however, covariates were retained to detect
whether the VTTs varied by the different survey data collection methods. These were found to be
insignificant in the final models.

5.7. Random heterogeneity tests
A series of tests was undertaken allowing for random heterogeneity in the free flow value of time, the
congested value of time, and the model scale. Pooling data across all the purposes, the initial testing
focused on:


Finding the appropriate distributional form for the random variables



Introducing polynomial terms to deal with the tail of the distribution



Specifying the correlation between random variables



Capturing the correlation between peak/off-peak alternatives and the toll/non toll alternatives.

Two distributional assumptions were tested initially, namely log-normal and log-uniform. The former
uses exponentials of Normals, the latter of Uniforms. The assumption of a lognormal distribution led to a
number of convergence problems, and the resulting covariance matrix could not be fully computed.
Therefore, we initially adopted a log-uniform distribution for all the three variables, i.e., free flow time,
congested time and the model scale parameter, so that the log of the coefficients followed a Uniform
distribution. The shape of these distributions may change further with polynomial terms or correlation,
which we discuss later, meaning that the distribution is no longer log-uniform. The equation below shows
the log-uniform distributional form for a variable ‘x’.
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log(x) = a + b*U

(5.12)

where ‘a’ is the lower bound, ‘b’ is the spread of the distribution and U is a standard uniform variable.
The resulting mean (E(x)) and median (M(x)) of this distribution are given in the equation below.
E(x) = (exp(a+b) - exp(a))/b ; M(x) = exp(a+b/2)

(5.13)

After incorporating the random terms, the observed probability for person ‘n’ across all choice tasks is
shown in equation below:

Pn  

P ( , 


  
c

n

f

, c ) f ( )d  f ( f )d f f (c )dc

(5.14)

f

where f (  ) , f ( f ) and f (c ) are the density functions (i.e., log-uniform in this case) for model
scale, free flow time and congested time respectively. This multi-dimensional integral is then
approximated using numerical simulation.
Table 5-8 presents a comparison between an early model test with and without random variables,
including all data. The base model presented in the table is MNL and in the mixed model free flow time,
congested time and the scale variables follow a log-uniform distribution. The three random terms were
drawn from a sequence of 100 Halton draws for each individual.21 The introduction of the random
variables led to a significant increase in the model fit (over 8,000 likelihood units). Also, reported in the
table are the values for the lower bound and the spread for each of the random variables, along with their
respective mean and median values.

21

100 Halton draws is not a sufficient number of draws for final models, but it does give a good indication of the
likely impact of the parameters.
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Table 5-8 Improvement in model fit with introduction of random variables

Description

Summary statistics

Base

Mixed (3 RV's)

Observations

33,093

33,093

Final Log Likelihood

-33,386

-25,175

D.O.F

8

12

Coefficient

Estimate

t-ratio

Value of free flow time (DK/min)

VTTFF

0.9250

11.5

Estimate

t-ratio

Value of congested time (DK/min)

VTTCG

1.5243

15.6

Value of departure time (DK/min)

DDEPWTP

0.3576

5.4

2.6667

11.3

WTP toll
Constant Alt B
Constant Alt C 2 Alt
Constant Alt C 4 Alt
Constant Alt D
Constant Alt A
Constant Alt A
Scale
Value of free flow time
Value of congested time
Scale parameter
Value of free flow time
Value of congested time
Scale parameter
Mean free flow time (DK/min)
Mean congested time (DK/min)
Median free flow time (DK/min)
Median congested time (DK/min)

Toll
ASC_B4Alt
ASC_C2Alt
ASC_C4Alt
ASC_D4Alt
ASC_A4Alt
ASC_A2Alt
Scale
VTTFF_a (lower bound)
VTTCG_a (lower bound)
sc_a (lower bound)
VTTFF_b (spread)
VTTCG_b (spread)
sc_b (spread)
E(VTTFF)
E(VTTCG)
M(VTTFF)
M(VTTCG)

1.4713
-0.0298
-0.2034
-0.1378
0.1607
0
0
-0.0239

18.8
-0.3
-4.1
-2.4
1.3
n/a
n/a
-16.6

1.225
4.8301
-0.2909
-0.4111
4.4583
0
0

24.96
18.6
-1.5
-2.5
15.2
n/a
n/a

-2.2192
-1.5518
0.3986
4.5982
4.1562
3.2890
2.32
3.20
1.08
1.69

-8.7
-12.3
5.2
11.6
36.8
22.0

5.7.1. Introducing polynomial terms
The difference between the mean and the median values in the mixed logit models was high, this was
hypothesised to be because of the long tail of the distribution. Therefore, to reduce the impact of long tail
on the valuations, we undertook a test introducing a quadratic term to the equation 5.12.
The modified equation is shown below; an additional parameter ‘c’ is introduced in this model.22
Log(x) = a + b*U+ c*U^2

(5.15)

In early model tests we found that the polynomial terms tended to improve the model fit and also lead to
a slight reduction (10%-17%) in the values of time (mean and median) for both free flow and congested
time. However, it was judged that the addition of the polynomial terms was not necessary in the final
models, where the ratio of mean to median value was not as high as in interim models.

22

Note that the introduction of the polynomial term means the distribution is no longer log-uniform.
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5.7.2. Correlation between random variables
We capture the correlation between the free flow value of time and congested value of time random terms
via a Cholesky term. The term is introduced in the congested value of time distribution and is shown the
equation below.23
Log(x) = a + b*U2+ s*U1

(5.16)

where U1 is the free flow standard uniform variable and U2 is a standard uniform variable representing
the congestion value of time, and the Cholesky term ‘s’ captures the correlation between the values of free
flow time and congested time. The introduction of correlation between the random terms leads to a
significant improvement in fit, but means that the distribution is no longer log uniform. We also observe
that the valuations are lower in the model with no correlation than in the model where correlation
between the time variables is modelled.

5.7.3. Correlation between alternatives
We follow the error component approach as described in Walker et.al (2007) to use error components to
approximate a cross-nested structure in the model (also see Paag et al. 2001). We constrained the variance
of alternative specific constants to be equal across alternatives (zero in this case) and introduced offdiagonal elements24 that capture the correlation between the peak/off-peak alternatives and the toll /non
toll alternatives. Equation 5.17 below shows the specification of standard deviation for each alternative.

A  

2
AC



2
6

; B 

2
6

; C  

2
AC



2
CD



2
6

; D  

2
CD



2
6

(5.17)

where:
σA, σB. σc and σD show the standard deviation for alternatives A, B, C and D respectively
σAC and σCD are the Cholesky terms that capture the covariance between alternatives A and C and
alternatives C and D respectively.
The implied correlation (  ) and the nesting parameter (θ) between the peak/off-peak and toll/non toll
alternatives are shown below in Equation 5.18. The cross-nested structure is implied by alternative C that
belongs to both nests.

 AC 
CD

2
 AC
;  1   AC
 A   C AC

(5.18)

2
 CD

;  1  CD
 C   D CD

23

Note that once we allow for correlation, the distribution of congested value of time is no longer log-uniform; the
mean and median values are obtained via simulation.
24

Drawn from a standard normal distribution
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5.7.4. Specification of random heterogeneity by purpose
The initial tests described in the sections above were undertaken on data pooled across all purposes.
Subsequently, we specified separate models for each purpose that included all the terms described in
earlier sections. However, we were not able to estimate separate free flow and congested distribution terms
for the business segment. We hypothesise that this is because of the relatively small sample size for this
segment. It may also be because the total time is more important for lost productivity. Therefore, in the
final model these were retained as multiplicative terms only.
In Table 5-9 we summarise the terms capturing the random heterogeneity and correlation in the final
specification for each purpose. Also, to minimise the impact of simulation error, the final models for each
purpose were based on a set of 500 Modified Latin Hypercube (MLHS) draws. To reduce the correlation
between different random terms, we switched from using Halton sequences to MLHS sequences in the
final models (Hess et.al. 2006).
Table 5-9 Terms capturing random heterogeneity by purpose
Purpose
Description

Commute

Other

Business

Distributed free flow value of time





Distributed congested value of time





Distributed model scale term





Correlation between free flow and congested time





Correlation between peak and off-peak alternatives







Correlation between toll and untolled alternatives







Further, we initially estimated separate models for commute and other travel, consistent with the MNL
model. However, we observed that the sample-enumerated implied value of time for the other purpose
was (slightly) higher than that for commute.25 This pattern is inconsistent with the evidence from other
studies, particularly the UK value of time study (2012). Therefore, we estimated a combined commute
and other model and included a purpose-specific VTT multiplier and purpose-specific income elasticity.
However, these multipliers were not significantly different from 1 and were thus constrained to 1. It is
also important to note that pooling commute and other purposes has led to a significant loss of fit when
compared with the combined likelihood of separate commute and other models. However, the loss of fit
is not substantial. Compared to the combined log-likelihood (a value of -18,855) of the separate models,
we lose 101 units of fit in the joint commute/other model.
It is also worth noting that in the final models, we dropped all the insignificant or wrongly signed
reference dependence terms and insignificant socio-economic covariates. The final business and the joint
commute and other model parameters are shown in Table 5-10 and Table 5-11 respectively. The model

25

The sample enumeration was undertaken on the TU data. The VTT values based on the sample-enumerated SC
data were higher for commute than other. However, it is important to note that TU data are much more
representative of person/trips than are the SC data.
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parameters are grouped together for each deterministic component, i.e., elasticities, SP design effects and
covariates.
Table 5-10 Final Business model
Model
Observations
Log-likelihood
Dof
Adjusted rho-square (c)
Draws
Description
Free-flow time (base)
Congested time (base)
Departure time shifting
Multiplier for toll vs. fuel cost
Alternative specific constant A - 4 Alts experiments (base = A 4 Alt) - current departure is peak period
Alternative specific constant B - 4 Alts experiments (base = A 4 Alt) - current departure is peak period
Alternative specific constant C - 4 Alts experiments (base = A 4 Alt) - current departure is peak period
Alternative specific constant D - 4 Alts experiments (base = A 4 Alt) - current departure is peak period
Alternative specific constant A - 4 Alts experiments (base = A 4 Alt) - current departure is off peak period
Alternative specific constant B - 4 Alts experiments (base = A 4 Alt) - current departure is off peak period
Alternative specific constant C - 4 Alts experiments (base = A 4 Alt) - current departure is off peak period
Alternative specific constant D - 4 Alts experiments (base = A 4 Alt) - current departure is off peak period
Alternative specific constant A - 2 Alts experiments (base = A 2 Alt) - current departure is peak period
Alternative specific constant C - 2 Alts experiments (base = A 2 Alt) - current departure is peak period
Alternative specific constant A - 2 Alts experiments (base = A 2 Alt) - current departure is off peak period
Alternative specific constant C - 2 Alts experiments (base = A 2 Alt) - current departure is off peak period
Cholesky term, between A and C - current departure is peak period
Cholesky term, between C and D - current departure is peak period
Cholesky term, between A and C - current departure is off peak period
Cholesky term, between C and D - current departure is off peak period

Parameter
VTTFF
VTTCG
DDEPWTP
Toll
ASC_A4Alt
ASC_B4Alt
ASC_C4Alt
ASC_D4Alt
ASC_A4Alt_OP
ASC_B4Alt_OP
ASC_C4Alt_OP
ASC_D4Alt_OP
ASC_A2Alt
ASC_C2Alt
ASC_A2Alt_OP
ASC_C2Alt_OP
PA4S31
PA4S43
OPA4S31
OPA4S43
key elasticities
lbda_inc_t
The income elasticity on VTTs
lbda_dis_t
Distance elasticity on VTTs
lbda_tcst
Observed cost elasticity on VTTs
lbda_tme
Observed total travel time elasticity on VTTs
scales
scale
Scale for the multiplicative specification
SP design effects
TOP_TIME
If time presented at top of choice (multiplicative effects coding)
P2
if the alternative is presented as the second alternative (base = P1)
P3
if the alternative is presented as the third alternative (base = P1)
P4
if the alternative is presented as the fourth alternative (base = first)
traveller covariates (multipliers on the θ unless stated)
mult_reimb
Multiplier - the impact of reimbursement on the VTTs
no_inc_t
Multiplier - unreported income on VTTs

55

bus_mlp_v71_mixed
6,579
-4,603
26
0.33
500 MLHS draws
est.
rob t(0) rob t(1)
1.1733
4.1
0.6
1.1733
4.1
0.6
0.1974
2.0
-7.9
1.0177 14.5
0.3
0.0000
NA
NA
-0.1920 -0.4
-2.5
1.0413
3.6
0.1
0.2829
0.5
-1.3
0.0000
NA
NA
1.8071
2.9
1.3
0.6168
1.0
-0.6
1.6614
2.4
0.9
0.0000
NA
NA
1.0413
3.6
0.1
0.0000
NA
NA
0.0366
0.4
-10.2
4.8743 10.6
8.4
2.8359 11.5
7.5
3.5341
5.1
3.6
2.3348
6.2
3.6
0.1211
-0.1681
0.6407
-0.1927

0.8
-0.7
2.7
-0.7

-5.5
-4.5
-1.5
-4.6

5.0980

15.5

12.5

0.9671
-0.0386
0.4518
0.1056

12.7
-0.5
1.8
0.4

-0.4
-14.4
-2.2
-3.5

1.6857
0.7007

5.9
3.6

2.4
-1.5
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Table 5-11 Final commute/other model
Model
Observations
Log-likelihood
Dof
Adjusted rho-square (c)
Draws
Description
Free-flow time (base), lower limit
Congested time (base), lower limit
Free-flow time (base), spread
Congested time (base), spread
Cholesky, FFT and CGT
Departure time shifting
Multiplier for toll vs. fuel cost
Alternative specific constant A - 4 Alts experiments (base = A 4 Alt) - current departure is peak period
Alternative specific constant B - 4 Alts experiments (base = A 4 Alt) - current departure is peak period
Alternative specific constant C - 4 Alts experiments (base = A 4 Alt) - current departure is peak period
Alternative specific constant D - 4 Alts experiments (base = A 4 Alt) - current departure is peak period
Alternative specific constant A - 4 Alts experiments (base = A 4 Alt) - current departure is off peak period
Alternative specific constant B - 4 Alts experiments (base = A 4 Alt) - current departure is off peak period
Alternative specific constant C - 4 Alts experiments (base = A 4 Alt) - current departure is off peak period
Alternative specific constant D - 4 Alts experiments (base = A 4 Alt) - current departure is off peak period
Alternative specific constant A - 2 Alts experiments (base = A 2 Alt) - current departure is peak period
Alternative specific constant C - 2 Alts experiments (base = A 2 Alt) - current departure is peak period
Alternative specific constant A - 2 Alts experiments (base = A 2 Alt) - current departure is off peak period
Alternative specific constant C - 2 Alts experiments (base = A 2 Alt) - current departure is off peak period
Cholesky term, between A and C - current departure is peak period
Cholesky term, between C and D - current departure is peak period
Cholesky term, between A and C - current departure is off peak period
Cholesky term, between C and D - current departure is off peak period

Parameter
VTTFF_a
VTTCG_a
VTTFF_b
VTTCG_b
s21
DDEPWTP
Toll
ASC_A4Alt
ASC_B4Alt
ASC_C4Alt
ASC_D4Alt
ASC_A4Alt_OP
ASC_B4Alt_OP
ASC_C4Alt_OP
ASC_D4Alt_OP
ASC_A2Alt
ASC_C2Alt
ASC_A2Alt_OP
ASC_C2Alt_OP
PA4S31
PA4S43
OPA4S31
OPA4S43
key elasticities
lbda_inc_t
The income elasticity on VTTs
lbda_dis_t
Distance elasticity on VTTs
lbda_tcst
Observed cost elasticity on VTTs
lbda_tme
Observed total travel time elasticity on VTTs
scales
scale_a
Scale, lower limit
scale_b
Scale, spread
SP design effects
TOP_TIME
If time presented at top of choice (multiplicative effects coding)
P2
if the alternative is presented as the second alternative (base = P1)
P3
if the alternative is presented as the third alternative (base = P1)
P4
if the alternative is presented as the fourth alternative (base = first)
traveller covariates (multipliers on the θ unless stated)
mult_reimb
Multiplier - the impact of reimbursement on the VTTs
no_inc_t
Multiplier - unreported income on VTTs
DDEPWTP_pref_deDeparture time shifting, not departure at the preferred time (base = departure at the prefered time)
VTTFF_FE
Free-flow time, for female (base = male)
VTTCG_FE
Congested time, for female (base = male)
DDEPWTP_FE
Departure time shifting, for female (base = male)
VTTFF_ag60pl
Free-flow time, aged 60 plus (base = age 60 and below)
VTTCG_ag60pl
Congested time, aged 60 plus (base = age 60 and below)
DDEPWTP_ag60pl Departure time shifting, aged 60 plus (base = age 60 and below)
DDEPW_shopping Departure time shifting, for shopping purpose (base = other purpose, non-shopping)
DDEPW_esct
Departure time shifting, escort(base = other purpose, shopping)
DDEPW_oth
Departure time shifting, for all other purposes (base = commute)
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com_oth_mlp_v50_mixed
27,315
-18,828
36
0.41
500 MLHS draws
est.
rob t(0) rob t(1)
-2.0906 -11.8
-17.4
-2.3315 -16.8
-24.0
3.6419 13.6
9.9
2.8465 25.7
16.7
1.7827 11.4
5.0
0.5812 10.8
-7.8
1.1004 35.9
3.3
0.0000
NA
NA
1.2418
4.1
0.8
0.4254
3.1
-4.1
1.4439
4.3
1.3
0.0000
NA
NA
2.2371
4.7
2.6
0.5973
2.1
-1.4
2.4340
5.2
3.1
0.0000
NA
NA
0.4254
3.1
-4.1
0.0000
NA
NA
-0.2590
-1.9
-9.1
4.4478 20.3
15.7
2.3902 24.0
13.9
3.8576
8.2
6.0
2.1051 10.8
5.7
0.1735
0.0000
0.1900
-0.0480

3.5
NA
3.6
-0.5

-16.8
NA
-15.4
-11.3

0.9733
2.3442

15.4
20.4

-0.4
11.7

0.8835
-0.1297
0.2047
-0.1924

30.2
-1.9
2.2
-1.9

-4.0
-16.4
-8.6
-11.5

1.7259
0.7113
0.3911
0.8856
0.8856
0.8856
0.9188
0.9188
0.9188
0.6797
1.5766
0.6183

14.5
12.3
5.7
17.0
17.0
17.0
15.7
15.7
15.7
4.4
4.7
8.9

6.1
-5.0
-8.9
-2.2
-2.2
-2.2
-1.4
-1.4
-1.4
-2.1
1.7
-5.5
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5.7.5. Final model results
Below we summarise the model development findings from the MXL final models.
Reference dependence
No significant correctly-signed reference dependence terms were identified in the models incorporating
random heterogeneity. It is interesting that less reference dependence is observed in this study than in
others. This may be attributed to the reduced range of changes in this study, which were based around
potential changes brought about because of a new tunnel. Therefore, there is less variation in the cost and
time changes across people relative to their reference trips. Moreover, the changes were not especially
larger for those who made longer trips.
Income, cost, time and distance elasticities
Table 5-12 shows the elasticities terms for each of the journey purposes for the MXL models.
Table 5-12 Resulting model elasticities, by purpose
Description
Lambda_inc

The income elasticity on VTTs

Lambda_dist

Distance elasticity on VTTs

Lambda_cost
Lambda_time

Commute and Other

Business (v71)

0.1735 (3.5)

0.1211 (0.8)

N/A

-0.1681 (-0.7)

Reported cost elasticity on VTTs

0.1900 (3.6)

0.6407 (2.7)

Observed total travel time elasticities on VTTs

-0.0480 (-0.5)

-0.1927 (-0.7)

T-ratios represent the significance relative to zero.

Personal income elasticities are all positively estimated and only statistically significant in the commute
and other model. This indicates higher VTTs with higher income levels, which is intuitive and consistent
with the previous experience (Hess et al. 2017).
We found that the distance elasticity is negatively estimated in the business model (although this is not
significant). Alone, this would lead to smaller VTTs with increasing distance, which is counter-intuitive.
However, the negative distance terms are more than counterbalanced by the positive cost and time terms.
The cost term elasticity is positive and significantly estimated in the models for all purposes, indicating
higher values of time for journeys with higher costs. This will counter-balance the negative distance
elasticity term for business.
Lastly, the reported time was negatively estimated (although neither was significant) in both models,
indicating again value of time increases with journey time. Again, this will counterbalance the negative
distance elasticity term.
To ensure that the overall multiplicative effect of the distance, cost and time elasticities did not lead to
any counter-intuitive VTTs, we plotted the VTT multiplier arising out of these three terms (see Figure
5-3).26 It is clear from the plot that the VTT multiplier with respect to journey length increases across all
purposes. Further (regression) analysis by the client of the resulting VTTs from the TU database of trips
helps to understand the impact of income, journey time, cost and distance, and socio-economic variables,

26

We expect that the overall VTT does not decrease with increase in time, cost and distance.
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which are correlated in complicated ways with income and trip length. Specifically, they find that ‘trip
length and income are roughly equal in importance, with elasticities not far from 0.2’ (Daly (2017)
private note). Interestingly, they also find that ‘there are variations between the purposes, for example that
business VTT depends more strongly on trip length, while for leisure the (slightly surprising) fact that trip
length and income are not correlated means that it is more important to include both elasticities.’
Figure 5-3 Impact of time, cost and distance elasticity terms on VTT
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The impact of tolls
In the final models, we observe that respondents react more negatively to tolls than to other driving costs,
but the differences are not large (and the difference for business travellers is not significant). Below we
show the multiplier for tolls relative to driving costs. The finding that respondents react more strongly to
tolls than driving costs is not unusual in the literature, and the multipliers found here are in fact lower
than elsewhere. A multitude of reasons can arise for why respondents value the two components
differently, including strategic bias against tolls but also the fact that tolls are paid per journey while
driving costs are paid in a lump sum at irregular intervals (when refuelling in particular). These results
may also reflect short-term effects.
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Table 5-13 Toll multipliers, MXL model results
Purpose segment

Toll multiplier (relative to driving costs)

Business

1.02 (t=0.3)

Commute / Other travel

1.10 (t=3.3)

T-statistics presented in brackets, measured relative to 1.

SC experiment design effects
Table 5-14 summarises the results for the MXL models, where we find that if time is presented at the top
of the choice, the VTT is lower (t-ratio against 1), but the impact is significant only in the commute and
other model.
Table 5-14 Multipliers on VTT when time is presented at the top of the choice, MXL model results
Description
Time top multiplier

Commute and Other

Business

0.8835 (-4.0)

0.9671 (-0.4)

If time presented at the top of choice

T-ratios represent the significance relative to one.

The order of alternatives presented in the SP choices can affect the alternative-specific constants. Below,
Table 5-15 shows the position effects by journey purposes for the MXL models. Most of the terms have a
relatively small magnitude and many are not significantly estimated.
Table 5-15 Impact of the position of alternatives, MXL model results
Description

Commute and Other

Business

P2

If the alternative is presented as the second alternative (base = P1)

-0.1297 (-1.9)

-0.0386 (-0.5)

P3

If the alternative is presented as the third alternative (base = P1)

0.2047 (2.2)

0.4518 (1.8)

P4

If the alternative is presented as the fourth alternative (base = P1)

-0.1924 (-1.9)

0.1056 (0.4)

T-ratios represent the significance relative to zero.

Taste heterogeneity
The table below summarises the socio-economic terms that were identified as being significant (or nearly
significant) in the final models. The only covariate that significantly impacted business VTTs was whether
the traveller was reimbursed for travel. For commute and other travel, we see that women and people aged
over 60 have a consistently lower VTT (even when income differences have been taken into account). We
also see that sensitivity to departure time changes is lower for shopping and other travel, relative to
commute, and higher for those escorting others.
We do not observe any significant differences for adult passengers, compared to drivers.
We also do not observe any significant differences for van users, either for business or for other purposes.
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Table 5-16 Socio-economic impacts on VTT
Socio-economic / trip covariate

Business

Free flow time adjustment for females
Congested time adjustment for females
Departure time adjustment for females
Free flow time adjustment for age 60 plus
Congested time adjustment for age 60 plus
Departure time adjustment for age 60 plus
Departure time adjustment for shopping
Departure time adjustment for escort
Departure time adjustment for other (relative to
commute)
Reimbursement on VTT

Commute/Other
0.89 (t=-2.2)

0.92 (t=-1.4)
0.68 (t=-2.1)
1.58 (t=1.7)
0.62 (t=-5.5)
1.69 (t=2.4)

1.73 (t=6.1)

T-statistics presented in brackets, measured relative to 1.

Correlation between time period and route alternatives
Table 5-17 and Table 5-18 illustrate the terms estimated and the implied nesting coefficients for the final
business model and the combined commute/other model. The nesting parameters are also split by the
observed current departure time (peak/off-peak) of the respondent. Across all purpose, the results show
that the correlation is higher between alternatives sharing the same time period than between alternatives
sharing the same route.
Table 5-17 Implied nesting parameters for business travel
Current
departure

Term

Estimate

t-ratio

Implied nesting
parameter

Peak

Cholesky term, between Alt A & Alt C (Peak alternatives)

4.8743

10.6

0.430

Peak

Cholesky term, between Alt C & Alt D (Toll alternatives)

2.8359

11.5

0.744

Off-peak

Cholesky term, between Alt A & Alt C (Peak alternatives)

3.5341

5.1

0.499

Off-peak

Cholesky term, between Alt C & Alt D (Toll alternatives)

2.3348

6.2

0.733

Term

Estimate

t-ratio

Implied nesting
parameter

Peak

Cholesky term, between Alt A & Alt C (Peak alternatives)

4.4478

20.3

0.4239

Peak

Cholesky term, between Alt C & Alt D (Toll alternatives)

2.3902

24.0

0.7718

Off-peak

Cholesky term, between Alt A & Alt C (Peak alternatives)

3.8576

8.2

0.4476

Off-peak

Cholesky term, between Alt C & Alt D (Toll alternatives)

2.1051

10.8

0.7793

Table 5-18 Implied nesting parameters for commute/other travel
Current
departure
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In principle it is possible to import the peak and off-peak nesting parameters to define the car driver’s
time-period sensitivity in the OTM models. However, a more detailed assessment, relating the coarse
time-period definition of peak and off-peak of a single trip used in this study to the more detailed
definition of a car driver’s time-period or travel (defined based on an entire tour) in OTM is required
before making this recommendation.

5.8. VTT valuations
The resulting VTTs implied by the model are the prime output from this SC study. Therefore, during the
model development, along with the model fit and the reasonableness of different parameter values, the
implied VTT values were also assessed and were also used as one of the criteria for model selection. The
VTT values were assessed against the existing evidence (DATIV 2007).
To obtain average values for application in the subsequent model tests, the models were applied to a
sample of individuals and trips in the TU database. The sample used for this averaging needs to be
representative of the travelling population covered by these models. However, the SC data used for the
model estimation are deliberately not representative of the total population, as specific groups have been
oversampled to allow reliable estimation of the parameters of the model. Therefore the values to be
transferred to the assignment and demand modelling need to be calculated to be representative of the
whole population. The approach that is used to achieve representativeness is to perform a sample
enumeration using the TU data, which is a representative sample of total travel in Denmark. That is, the
model of VTT that has been estimated is applied to a large sample of trips. This is possible because the
VTT model is based on an exogenous sample (i.e. the sampling is not related to the SC responses) and is
therefore unbiased (Ben-Akiva and Lerman 1985), even though the sample itself may be biased. In this
case, it was decided to base the sample enumeration on trips observed in the TU from 2006 to 2016, for
the area defined by Greater Copenhagen. A total of 37,652 records were used. This work was performed
by Vejdirektoratet themselves, using Excel with macros to calculate VTT, and is reported here for
completeness.
For each trip in the TU data, the VTT model for the relevant travel purpose was applied, taking account
of the trip characteristics (length, travel time and cost, taken from OTM level-of-service files) and the
traveller’s income and other socio-economic characteristics recorded in the TU data. For some variables
used in the models, values were not present in the TU data (reimbursement and departing at the preferred
time); for these variables the average value from the SC data (for the relevant purpose) was used. For
records with missing income, it was decided that the contexts of not providing income data were different
in the SC and TU data, and records with missing income in TU were therefore dropped. The base on
which the calculations were made was the ‘raw’ mean values, given in Table 5-19, and the trip and
personal characteristics were applied to these raw values to obtain the expected VTT for that trip. The
price base was also adjusted from 2017, the year of the SC survey, to 2015, the required base year for the
forecasting models. Separate calculations were made for free flow and congested times.
Given these two VTT values for each trip in the TU data, aggregations could be made to obtain a mean
VTT for any segmentation required, providing the information to make the segmentation was available in
the TU data. In making these aggregations, weighted averages were used. These averages applied both to
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the expansion weight in the TU data, which corrects for a number of response biases found in the original
data (e.g. by housing type), and the trip length, which is an indication of how likely it is that a specific
trip would be impacted by a specific policy (e.g. the Harbour Tunnel). A number of such segmentations
have been supplied to the assignment and demand modelling teams, including separate valuations for
passengers and for travellers in vans.27 Further, overall average values were calculated, including both free
flow and congested time, using the reported free flow and congested travel times by respondents in the SC
survey.
The sample enumerated values in Table 5-19 represent average VTT values, i.e., averaged across free flow
and congested time values for a given trip. For comparison purposes, the previous values (labelled OTM
6.1) are also reported in Table 5-19.
Compared to OTM 6.1, we observe a 12-15 per cent increase in VTT for commute and other purposes.
However, the new business VTT values are substantially higher than the value implied in OTM 6.1.
Table 5-19 Sample enumerated VTT values by purpose, 2015 DKK/hr
VTT (average)
Purpose
OTM 7

OTM 6.1

Ratio

Business

172.1

98.6

1.75

Commute

72.4

64.6

1.12

Other

63.1

55.1

1.15

5.9. Tunnel phobia
In the survey, we included a series of attitudinal questions to investigate the public’s opinion about
travelling in a tunnel. Table 5-20 and Table 5-21 show that the percentage of respondents who selected
‘yes’ to each tunnel statement is relatively similar across the different purpose and age groups. A relatively
small number of respondents in the sample stated they do not like travelling in a car in tunnels. There
were only 17 respondents who stated they would never travel in a car in a tunnel. Therefore we could
conclude that ‘tunnel phobia’ appears to be infrequent.

27

The multipliers on the van users were not statistically significantly different from those for car drivers; however,
the VTTs are different because of differences in income and trip length.
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Table 5-20 Attitudinal questions (answered ‘Yes’) by purpose

I don’t mind travelling in a car in tunnels
(2,625)
I don’t mind travelling in a car in tunnels,
particularly if they are designed well to feel
light and open (870)
I don’t like travelling in a car in tunnels but I
wouldn’t change my route to avoid tunnels
(171)
I don’t like travelling in a car in tunnels and I
would change my route to avoid tunnels,
even if the journey took a bit longer (56)
I would never travel in a car in a tunnel (17)

Commuting
(1619)
73%

Business
(703)
77%

Others
(1324)
68%

Total (3646)

24%

19%

26%

24%

4%

4%

6%

5%

1%

2%

2%

2%

0%

0%

1%

0%

72%

Note: the number in the brackets of each statement is the number of respondents who selected ‘yes’, and the
percentages in the cells are the column percentages for each purpose.

Table 5-21 Attitudinal questions (answered ‘Yes’) by age group
18–29

30–39

40–49

50–59

60–69

70+

Sample size

193

478

884

1,191

708

189

I don’t mind travelling in a car in tunnels
(2625)

70%

73%

72%

72%

72%

70%

I don’t mind travelling in a car in tunnels,
particularly if they are designed well to feel
light and open (870)

28%

26%

24%

23%

23%

23%

I don’t like travelling in a car in tunnels but I
wouldn’t change my route to avoid tunnels
(171)

5%

3%

5%

4%

5%

4%

I don’t like travelling in a car in tunnels and I
would change my route to avoid tunnels, even
if the journey took a bit longer (56)

2%

1%

2%

2%

1%

2%

I would never travel in a car in a tunnel (17)

0%

0%

0%

0%

0%

2%

We observe some variation in tunnel phobia by gender, whereby a slightly higher percentage of females
stated that they disliked using tunnels; however the number is still relatively small, as shown in Table
5-22.
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Table 5-22 Attitudinal questions (answered ‘Yes’) by gender

Sample size

Male

Female

Total

2,288

1,358

3,646

I don’t mind travelling in a car in tunnels (2625)

81%

56%

72%

I don’t mind travelling in a car in tunnels, particularly if they
are designed well to feel light and open (870)

17%

35%

24%

I don’t like travelling in a car in tunnels but I wouldn’t
change my route to avoid tunnels (171)

2%

9%

5%

I don’t like travelling in a car in tunnels and I would change
my route to avoid tunnels, even if the journey took a bit
longer (56)

1%

2%

2%

I would never travel in a car in a tunnel (17)

0%

1%

0%

Lastly, we examined the 10th choice observation which was included in the SC experiments to examine
the tunnel phobia and the impact of zero cost, as opposed to very small costs, by including zero toll costs
for the tunnel options. Table 5-23 shows the choices in the 10th choice for those respondents who selected
‘yes’ to the tunnel attitudinal questions, and compares them to those who selected ‘no’. For respondents
who stated that they do not like travelling in tunnels and would never travel in a tunnel, the percentage
selecting the tunnel option (even with a zero cost) is smaller compared to those who do not mind
travelling in a car in tunnels. But a small proportion of these respondents do choose the tunnel in the 10th
choice, even some who said they would never travel in a tunnel. Overall, we remain of the opinion that
not choosing the tunnel in the 10th choice is more likely to be driven by strategic bias than by tunnel
phobia. In theory, we would expect respondents who are not affected by tunnel phobia to choose the
tunnel when it is free, and the fact that some do not could indicate some strategic voting against the
tunnel.
Table 5-23 Attitudinal questions (answered ‘Yes’) by the 10th Choice (tunnel phobia question)
2 Alts

Sample size
I don’t mind travelling in a car in tunnels (2625)
I don’t mind travelling in a car in tunnels, particularly if they
are designed well to feel light and open (870)
I don’t like travelling in a car in tunnels but I wouldn’t
change my route to avoid tunnels (171)
I don’t like travelling in a car in tunnels and I would change
my route to avoid tunnels, even if the journey took a bit
longer (56)
I would never travel in a car in a tunnel (17)

4 Alts combined
Current
Tunnel
Combined Combined
655
1,454
30%
70%
30%
70%

Current

Tunnel

454
27%
30%

1,083
73%
70%

38%

62%

40%

60%

64%

36%

74%

26%

100%

0%

80%

20%

To understand further the impact of tunnel phobia and strategic bias on the model results, we included
the observations corresponding to the 10th choice (with zero tunnel costs) and re-estimated the final
models. We also estimated another set of models, specifying an additional constant for the 10th choice on
the toll alternative. The observed impact on the resulting estimates of VTT, and other key parameters,
are tabulated for the commute/other and business models in Table 5-24 and Table 5-25 respectively.
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Across both purposes we observe that the addition of the 10th choice observations has limited impact on
the VTT valuation. For commute/other, we observe a slight increase in VTT (3% to 4%) and for business
a decrease in the VTT value of about the same magnitude. The changes to the key elasticity parameters
are all insignificant. Overall, these results lead us to believe that our findings are not substantially
impacted by tunnel phobia effects nor excessively strong resistance to the idea of paying a toll (i.e. a zerocost effect).
Table 5-24 Impact on VTT and other key parameters (commute/other)

Variables

Exclude 10th choice
observations (final
models)

Include 10th choice
observations

Include 10th choice
observations (with an
additional constant)

Free flow time (raw)

75.69

78.11 (3.2%)

78.83 (4.2%)

Congested time (raw)

92.19

94.74 (2.8%)

95.05 (3.1%)

Scale (mean)

10.64

10.81 (1.6%)

10.80 (1.5%)

Income elasticity (lbda_inc_t)

0.1735

Difference
Cost elasticity (lbda_tcst)

0.19

Difference
Time elasticity (lbda_tme)

-0.048

Difference

0.1746

0.1717

0.0011 (t = 0.01)

-0.0018 (t= -0.02)

0.1863

0.1967

-0.0037 (t=-0.05)

0.0067 (t=0.09)

-0.0825

-0.0778

-0.0345 (t = -0.3)

-0.0298 (t=-0.025)

Table 5-25 : Impact on VTT and other key parameters (business)

Variables

Exclude 10th choice
observations (final
models)

Include 10th choice
observations

Include 10th choice
observations (with an
additional constant)

Free flow time (raw)

70.40

68.09 (3.2%)

67.50 (4.1%)

Scale

5.10

5.11 ( 0.3%)

5.06 (-0.8%)

Income elasticity (lbda_inc_t)

0.1211

0.0979

0.0986

-0.0232 (t=--0.10)

-0.0225 (t=--0.1)

0.6847

0.7177

0.044 (t=- 0.12)

0.077 (t = 0.22)

-0.2176

-0.1869

-0.0249 (t=-0.06)

0.0058 (t=0.15)

difference
Cost elasticity (lbda_tcst)

0.6407

difference
Time elasticity (lbda_tme)

-0.1927

difference
Distance elasticity (lbda_dist)

-0.1681

Difference

-0.2272

-0.2341

-0.0591 (t=--0.16)

-0.066 (t = -0.17)

Table 5-26 shows the alternative-specific constants (ASCs) from the final commute/other model (first
column of results) as well as the ASCs from the models in which the 10th choice observations are included
(second column of results). We also include the differences between the ASCs and their corresponding tratio. The ASCs for the toll alternatives (alternatives C and D), presented in the third column in Table
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5-26, include the additional constant estimated for the 10th choice responses.28 The model with the 10th
choice observations shows that the ASCs are not significantly different to the model without these
observations. As expected, the ASCs are more positive for the am peak tolled alternative when the 10th
choice is included (Model 2 in Table 5-26). However, the difference is insignificant at a 95% level of
significance. Based on these results, we conclude that our final models are not substantially impacted by a
zero-toll effect. The business results are also similar to the commute/other model (these are not
presented).
Table 5-26 : Impact on alternative specific constants (commute/other)
Exclude 10th
choice
observations
(final models)

Alternative

ASC parameter
Current departure
is peak period

Current departure
is off-peak period

Current departure
is peak period
Current departure
is off-peak period

th

Model 1 : Include 10 choice
observations
ASC
parameter

ASC_A4

0

0

ASC_B4

1.2418

0.9241

Model2: Include 10th choice
observations (with an
additional constant)

difference
(t-ratio)

ASC
parameter

-0.321 (-1.01)

0.9176

difference
(t-ratio)

0
-0.324 (-0.91)

ASC_C4

0.4254

0.4836

0.058 (0.43)

0.7479

0.323 (1.62)

ASC_D4

1.4439

1.1812

-0.263 (-0.74)

1.4571

0.013 (0.03)

-0.264 (-0.41)

1.9762

ASC_A4

0

0

ASC_B4

2.2371

1.9728

0
-0.261 (-0.42)

ASC_C4

0.5973

0.7609

0.164 (0.66)

1.0147

0.417 (1.02)

ASC_D4

2.4340

2.3191

-0.115 (-0.09)

2.5968

0.163 (0.26)

ASC_A2

0

0

ASC_C2

0.4254

0.582

ASC_A2

0

0

ASC_C2

-0.2590

-0.2573

0
-0.022 (0.013)

0.864

0.260 (0.68)

0
0.002 (0.03)

0.0219

0.281 (1.36)

5.10. Preference for the tolled tunnel
Interestingly, for both business and commute/other travellers, particularly those who travel in the peak
and those who travel in the off-peak and would consider travelling in the peak, the ASC on the tolled
options is positive relative to the untolled am peak option (see Table 5-27). This implies that respondents
placed a positive value on using the tolled option, over and above the cost of the toll and the travel time
savings (including the reduction in road congestion).

28

The additional constant is specified on the toll-alternatives and is positive for both purposes.
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Table 5-27 : Toll alternative-specific constants (ASCs)

Alternative

Current departure
is peak period

Current departure
is off-peak period

Current departure
is peak period
Current departure
is off-peak period

Commute/Other travel

Business travel

Tunnel ASC

Tunnel ASC

Definition

ASC_A4

Untolled peak

0

0

ASC_B4

Untolled offpeak

1.2418 (t=4.1)

-0.1920 (t=-0.4)

ASC_C4

Tolled peak

0.4254 (t=3.1)

1.0413 (t=3.6)

ASC_D4

Tolled offpeak

1.4439 (t=4.3)

0.2829 (t=0.5)

ASC_A4

Untolled peak

0

0

ASC_B4

Untolled offpeak

2.2371 (t=4.7)

1.8071 (t=2.9)

ASC_C4

Tolled peak

0.5973 (t=2.1)

0.6168 (t=1.0)

ASC_D4

Tolled offpeak

2.4340 (t=5.2)

1.6614 (t=2.4)

ASC_A2

Untolled peak

0

0

ASC_C2

Tolled peak

0.4254 (t=3.1)

1.0413 (t=3.6)

ASC_A2

Untolled offpeak

0

0

ASC_C2

Tolled offpeak

-0.2590 (t=-1.9)

0.0366 (t=0.4)

Including such constants in the assignment model will reflect better the choices that respondents have
made in the choice experiments.
To aid highway assignment, we also present the average monetary valuation of the toll alternative
constants for each purpose (see Table 5-28). Given that the ASCs do not enter the log utility term
(Equation 5.4), the equivalent monetary value is calculated by transferring the ASC to a money payment
(i.e. inside the log function in Equation 5.4). Equation 5.19 shows the equivalent function as well the
calculation of monetary ASC value (ASCm):

 sc *log(v j )  ASC   sc *log(v j  ASCm )

 

ASC m  v j * exp  ASC

SC

  1

(5.19)

Given that the utility vj varies for respondent j, the average value by purpose and time-period was
obtained via prototypical sampling.
Table 5-28 Toll alternative specific constants (2017 DKK)
Time-period

Commute

Business

Other

Peak

62.1

68.3

155

Off-peak

-12.1

-6.3

2.7
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6. Summary and recommendations

6.1. Summary of the research
The main objective of this study was to quantify the willingness of car and light van travellers in the
Copenhagen area to pay to use the proposed new tunnel, and their values of in-vehicle travel time savings.
This report has outlined the research undertaken and results produced from the study which include:


Estimation of the VTT for commuting, business and other purposes



Estimation of the VTT for both car and light van users



Estimation of multipliers of VTT for a range of the time-related elements, including traffic
congestion, departure time shifting



Impact of socio-economic characteristics on the VTT and multipliers.

To fulfil the research purposes, we employed an SC experimental approach to estimate the WTP for time
savings and other multipliers. One SC experiment was embedded in the survey, which presented both
tolled and untolled and different travel time alternatives simultaneously. Each travel option was described
by free flow time, congestion time, fuel cost, departure time shifting and toll (for the tunnel alternatives).
A pilot survey was conducted to test the clarity and functionality of the questionnaire, the design of the
SC-experiments, recruitment method and the quality of interview data. The results showed that the pilot
survey worked as intended.
The interviewing for the main survey was conducted during the periods 12-28 June and 22 August to 12
October 2017. Respondents were primarily recruited via the GallupForum panel, but the recruitment of
respondents to the survey was supplemented by other contact methods by Gallup in order to fulfil the
interview quotas. Because of concerns regarding the quality of responses from the panel survey, further
interviews were undertaken with respondents who participated in a postcard survey undertaken in
September. In total, 3,960 surveys were completed in the main survey.
As the focus of this study was to understand potential tunnel users’ willingness to pay for a hypothetical
tunnel, the sample reflected people who were in scope to use the tunnel, and not travellers in general in
Copenhagen.
The data cleaning followed a systematic approach which was generally in line with the UK VTT study.
This resulted in removal of a low proportion of the survey records for the modelling analysis to avoid
biased responses, or responses outside the study’s scope.
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The modelling work carried out to derive VTTs adopted state-of-the-art approaches. In the course of the
model development:


We adopted multiplicative (as opposed to the additive) error structure discrete choice models.
This is in line with the most recent UK VTT study. This model specification provides more
flexibility for capturing heteroscedasticity, especially for data that contains a mix of trip lengths.



Reference dependence was incorporated in the model specification to capture the potential size
and sign effects. No significant effects were identified in the final models.



We identify significant continuous income, cost, distance and time elasticities in the models,
indicating that travellers with higher (personal) incomes have higher VTTs, as do those making
longer journeys.



We observe that respondents react more negatively to tolls than to other driving costs, but the
differences are not large (and the differences for business travellers are not significant).



We observe that the design of the experiments – specifically the ordering of the time and cost
information – impacts the resulting values of time. The use of design effects coding means that
the resulting VTTs reflect the average of time or cost being presented first.



Importantly we observe that the values of time were not significantly impacted by the survey
methodology.



Lastly, for commute and other travel, we observe substantial random variation in VTTs.



For commute and other travel and for business travel, we observe significant correlation between
time period and route alternatives, influencing the choice cross-elasticities.



We do not observe significant tunnel phobia or zero cost effects; in fact we observe a positive
constant for the tunnel option over and above the toll and travel time savings.

6.2. Recommended values of time
To obtain average values for application, the final models were applied to a sample of individuals and trips
in the TU database. The sample enumerated values represent the average VTT value, i.e., averaged across
free flow and congested time values for a given trip (labelled OTM 7). For comparison purposes, the
previous values (labelled OTM 6) are also reported in the table. Compared to OTM 6.0, we observe a 1215 per cent increase in VTT for commute and other purposes. However, the new business VTT values are
substantially higher than the value implied in OTM 6.0.
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Table 6-1 Sample enumerated VTT values for car and van travellers by purpose, 2015 DKK/hr
VTT (average, DKK/hour, 2015 prices)
Purpose
OTM 7

OTM 6

Ratio

Business

172.1

98.6

1.75

Commute

72.4

64.6

1.12

Other

63.1

55.1

1.15
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I3

I4

Hvilken ugedag foretog du turen?

Which weekday did you make the trip?

Mandag-Fredag

Monday- Friday

Hvad var det hovedformålet med turen?

What was the main purpose of the trip?

Tur mellem bopæl og arbejde

Trip between home and work

Tur mellem bopæl og uddannelsessted

Trip between home and education

Tur med erhvervsmæssigt ærinde i forbindelse med
arbejde (møde, kundebesøg/håndværksbesøg,
erhvervstransport, forretningsrejse).

Trip for business purpose (for your work and not to your
usual work location)

Tur for at hente/bringe ting (indkøb eller andet ærinde)
Tur for at hente/bringe personer ved
aktivitet/transportmiddel (f.eks. til/fra sport, skole,
lufthavn eller station/stoppested.)
Tur med andet fritidsformål (besøg, forlystelse, idrætog sportsudøvelse, ferie, privat møde)
I5

I1

I2

I6

I7

Trip for dropping off/picking up things (shopping or other
errand)
Trip for dropping off/picking up somebody at
activity/station/bus stop/airport
Trip with other private/leisure purpose (visiting,
entertainment, sport, holiday, private meeting)

Foregik din tur:

Was the trip:

Fra din bopæl

From your home

Til din bopæl

To your home

Hverken fra eller til din bopæl

Neither from or to my home

Hvor startede du din tur?

Where did your trip start from?

Du kan enten indtaste adresserne på linjerne
nedenunder eller finde dem ved at markere på kortet.

Address database and map display

Hvor sluttede din tur?

Where did your trip end?

Du kan enten indtaste adresserne på linjerne
nedenunder eller finde dem ved at markere på kortet.

Address database and map display

[#turlængde og #fri køretid for turen beregnes på basis
turendepunkterne #I1 og #2]

[#turlængde og #fri køretid (trip length and free flow time)
for trip is being calculated based on trip origin and
destination #I1 og #2]

Var den bil som turen blev foretaget med:

Was the car in which you made the trip:

Personbil, ejet af familien

Car, owned by the family

Personbil, ejet sammen med andre eller delebil

Car, owned together with others or shared car

Personbil, leaset eller lejet

Car, leased or rented

Personbil, firmabil

Company car

Personbil, lånt eller andet ejerforhold

Car, borrowed or other ownership

Varebil, privat ejet

Van, privately owned

Varebil, firmabil

Van, company car

Hvor ofte foretager du ture med tilsvarende formål
mellem #I1 og #I2?

How often do you make the return trip between #I1 and
#I2 for this purpose?

Ud og hjem regnes her som én tur

4 times or more per week

4 gange eller mere om ugen

2-3 times a week

2-3 gange om ugen

Once a week

1 gang om ugen

2-3 times a month

2-3 om måneden

Once a month

Cirka 1 gang om måneden

Less than once a month
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Mindre en 1 gang om måneden
I9

Hvad tid påbegyndte du turen?

What time did you start the trip?

Rullegardin med tidspunkter i timer og rullegardin med
minutter
I9B

Hvis du var sikker på ikke at opleve trængsel på
turen, ville (indlæs tidspunkt) så stadig være dit
foretrukne tidspunkt for denne tur?

Yes

Ja

No

Is this your preferred time for making the trip, if traffic
was not an issue?

Nej
Med trængsel menes at din hastighed er påvirket af, at
der er anden trafik på vejen.
I9C

Hvis #I9b# = 2

If #I9b# = 2 (No)

Uden trængsel på din tur, hvilket tidspunkt ville så
være dit foretrukne tidspunkt at starte turen?

What would be your preferred departure time, if traffic
was not an issue?

I10

Hvor lang tid i minutter tog det dig at køre mellem #I1 How long was your car journey between #I1 and #I2?
og #I2 - eksklusiv gangtid til og fra bilen?
(in minutes)

I11

Omkring hvilket tidspunkt passerede du
#HarbourBridge på turen?

At about what time did you cross the #HarbourBridge on
your journey?

I12

Skulle du på denne tur være ved
bestemmelsesstedet på et bestemt tidspunkt, eller
betød det mindre?

Did you have to be at your destination at specific time or
time interval or didn't that matter very much?
At a certain time

På et bestemt tidspunkt

I had some flexibility

Der var en vis fleksibilitet

It didn't matter at all

Det betød intet
I13

Hvor meget tid af turen vurderer du foregik i
trængsel?

I14

Betyder det #I10 - #I14 af turen foregik uden trængsel Does this mean that #I10 - #I14 of the journey as made in
på vejnettet.
uncongested conditions?

How much of the journey was made in congested
conditions? (mins).

If person disagrees, go back to #I10

Hvis Nej, gentag #I10
I15

Hvordan vil du beskrive trængsel på turen?
De #ObsCongestedTime# minutter i trængsel på
turen fordelte sig på:

How would you describe the congestion on your
journey?
The #ObsCongestedTime# minutes in congestion was
distributed with:

Antal minutter med mindre trængsel, hvor jeg stort set
kunne køre med eller lidt under den tilladte hastighed

# minutes with minor congestion where I was mostly able to
travel at the speed limit or slightly slower than the speed
limit
Antal minutter med nogen trængsel, hvor jeg kørte med
en lavere hastighed end den tilladte og enkelte gange
holdt jeg i kø
# minutes with moderate congestion where I was able to
Antal minutter med alvorlig trængsel, hvor jeg kørte
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travel was less than the speed limit, with some periods
where I was stopped

RAND Europe
med lav hastighed eller holdt i kø.
# minutes with severe congestion where I was travelling at
very low speeds or stopped
I16

Baseret på rejseafstanden beregner vi dine
kørselsomkostninger mellem #1 og #2 til
#EstimatedFuelcost kr. eksklusiv eventuelle
parkeringsomkostninger.
Lyder det nogenlunde korrekt?

We estimate the cost of driving for your trip between #I1
and #I2 will be #EstimatedFuelcost DKK, excluding the
cost of parking.
Is this about right?

Ja

No

Yes

Nej
Hvis passager: ”Husk at som passager koster turen
stadig noget uanset om du er den som betaler for det
eller ej”
I17

Hvis #I16 = Nej

If #I16 = No

Hvad skønner du det har kostet at køre fra #1 til #2
eksklusiv eventuelle parkeringsomkostninger?

What is the approximate cost of driving for your trip
between #I1 and #I2, excluding the cost of parking?

Hvis passager: ”Husk at som passager koster turen
stadig noget uanset om du er den som betaler for det
eller ej, så hvis du ikke er sikker på beløbet så giv os dit
bedste bud på omkostningen”
I17A

beregn difference beregnede omkostninger I16 ift.
vurderede omkostninger I17
[hvis differencen over 50% stil I17A-1]
[hvis differencen under 50% stil I17A-2]

I17A-1
Hvorfor vurderer du omkostningen for turen til at
være så stor?
Det er en bil/varevogn som er dyr i drift
Jeg kom til at taste forkert => gå tilbage til I16
Andre årsager: notér
I17A-2
Hvorfor vurderer du omkostningen for turen til at
være så lille?
Det er en elbil
Det er en bil/varevogn med små udgifter
Det var ikke mig der betalte for turen => gå tilbage til
I16
Jeg kom til at taste forkert => gå tilbage til I16
Andre årsager: notér
I17B

Hvad betalte du for at parkere, da du ankom til #2?

What did you pay for parking when arriving at #2?

Vælg 0 kr., hvis du ikke betalte for parkering.

Choose 0 kr., if you did not pay any parking cost.
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I18

I19

Foretog du turen til fører eller passager i bilen?

Did you make the trip as driver or passenger?

Fører

Driver

Passager

Passenger

Hvor mange personer var der i bilen inkl. dig selv?

How many people were in the vehicle including
yourself?
No. adults 15 years or more:

Antal voksne 15 år eller derover:

1

1

2

2

3

3

4 or more

4 eller flere

No. children 14 years or less:

Antal børn 14 år eller derunder:

0

0

1

1

2

2

3

3

4 or more

4 eller flere
I21

Får du refunderet dine kørselsomkostninger for
denne tur af arbejdsgiver eller andre uden for min
husstand?

Was your cost of driving for this trip reimbursed by
employer or others?

Nej

Yes, my trip was reimbursed by my employer

Ja, turen blev betalt af min arbejdsgiver

Yes, my trip was reimbursed by someone else

No

Ja, turen blev betalt af andre uden for min husstand
I22A

If #I19 >1 and #21=1and #I18=1

Hvis #I19 >1 and #21=1 and #I18=1

Du har tidligere angivet, at I var #I19 personer i bilen Earlier you mentioned that there were #I19 people in the
vehicle for your journey.
på turen.
Hvem betalte for kørselsomkostningerne forbundet Who paid the cost of the journey?
med turen?
We shared the cost of driving between us
Vi delte omkostningerne mellem os
I paid for all of the driving costs
Jeg betalte alle omkostningerne
I paid not pay anything- others paid all costs
Jeg betalte ikke noget - andre betalte alle
It doesn’t really matter because we are from the same family
omkostningerne
Det havde ingen betydning, da vi alle var fra samme
familie.
I22B

If #I19 >1 and #21=1and #I18=2

Hvis #I19 >1 and #21=1 and #I18=2

Du har tidligere angivet, at I var #I19 personer i bilen Earlier you mentioned that there were #I19 people in the
vehicle for your journey.
på turen.
Hvem betalte for kørselsomkostningerne forbundet Who paid the cost of the journey?
med turen?
The driver paid all costs
Føreren betalte alle omkostningerne
I paid all costs
Jeg betalte alle omkostningerne
We shared the cost of driving between us
Vi delte omkostningerne mellem os
I paid not pay anything- others paid all costs
Jeg betalte ikke noget - andre betalte alle
It doesn’t really matter because we are from the same family
omkostningerne
Det havde ingen betydning, da vi alle var fra samme
familie
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Part 2 – SC-experiments

SC-eksperiment – 10 valgsituationer præsenteres for SC-experiment – 10 scenarios is being presented
respondenten
Part 3 - Background questions

B1

Koen – Hvad er dit køn?

What is your sex?
Male
Female

Mand
Kvinde
B2

Postnr -Hvilket postnummer bor du i?

What is the postal code for your home address?

B3

Hvad er din alder?

What is your age?

B4

Hvilken kommune bor du i?

Which municipality do you live in?

B5

Hvad er din egen sidst afsluttede uddannelse?

What is your education status?

Folkeskole 7 år eller kortere
Folkeskole 8 – 10 år

Primary and lower secondary school 7 years or less

Mellemskole-/Realeksamen/Præliminæreksamen

Primary and lower secondary school 8 to 10 years

Studentereksamen/ HF/HH/HG/HTX-eksamen

Middle school

Erhvervseksamen (Grundlæggende/Afsluttende)

Studentereksamen (upper secondary certificate), HF
(higher preparatory certificate) HHX (higher commercial
certificate), HTX (higher technical certificate)

Kort videregående uddannelse (til under 3 år)
Mellemlang videregående uddannelse (3 til under 5 år)
Lang videregående uddannelse (5 år og derover)

Erhvervsgymnasium (Business college)
Basic/final vocational traning

Ved ikke / Vil ikke svare

Short-term higher education (under 3 years)
Medium-term higher education (3 to under 5 years)
Long-term higher education (5 years or more)
Do not know / will not answer
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Hvad er din nuværende beskæftigelse?

What is your current occupation?

Arbejder, ufaglært (ikke specialarbejder)

Worker, unskilled (not specialized)

Arbejder, ufaglært (specialarbejder)

Worker, unskilled (specialized)

Arbejder, faglært

Worker, skilled

Funktionær/tjenestemand, lavere

Salaried, lower

Funktionær/tjenestemand, højere

Salaried, higher

Selvstændig landbruger/gartner/fisker

Self-employed, agriculture/fishery

Selvstændig detailhandler/håndværksmester

Self-employed, retail/master craftsmen

Selvstændig i øvrigt

Self-employed, other

Lærling/elev

Apprentice, trainee

Skoleelev/studerende

Student/pupil

Ude af erhverv (pensionist/efterlønsmodtager og lign.)

Retired person, early retirement pension etc.

Gift uden selverhverv/hjemmegående

Married without employment

Medhjælpende ægtefælle

Assisting spouse (of self-employed person)

Arbejdsløs

Unemployed

B7

Hvor mange personer på 15 år eller derover bor der
i din husstand, inklusive dig selv?

What is the number of persons in the household of
age 15 or above (including yourself)?

B8

Hvor mange personer bor der i husstanden på 14 år
eller derunder?

What is the number of persons in the household of
age 14 or below?

B9

Hvad er din nuværende civilstand?

What is your family status?

Ugift (bor ikke sammen med en partner, og har heller
ikke tidligere gjort det)

Unmarried

Gift/registreret partnerskab

Cohabiting

Samlevende (Papirløst)

Divorced/separated/formerly cohabiting

Skilt / Separeret / Tidl. samlevende

Widow/widower

B6

Married/registered partnership

Enke / Enkemand
B10

Bor du i ejer-, andels- eller lejerbolig?

Is your housing owned or rented?

Ejerbolig
Andelsbolig

Owned

Lejerbolig / Tjenestebolig

Partially owned
Rented

B12

Hvad er din nuværende personlige indkomst før
skat?
Indtil 99.999 kr.
100.000 – 199.999 kr.
200.000 – 299.999 kr.
300.000 – 399.999 kr.
400.000 – 499.999 kr.
500.000 – 599.999 kr.
600.000 – 699.999 kr.
700.000 - 799.999 kr.
800.000 - 899.999 kr.
900.000 - 999.999 kr.
1.000.000 kr. og derover
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What is your current personal annual income before
tax?
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Ved ikke/Vil ikke svare
B13

Hvad er husstandens samlede nuværende indkomst
før skat?

What is your household's current annual income
before tax?

Indtil 99.999 kr.
100.000 – 199.999 kr.
200.000 – 299.999 kr.
300.000 – 399.999 kr.
400.000 – 499.999 kr.
500.000 – 599.999 kr.
600.000 – 699.999 kr.
700.000 - 799.999 kr.
800.000 - 899.999 kr.
900.000 - 999.999 kr.
1.000.000 – 1.249.999 kr
1.250.000 – 1.499.999 kr
1.500.000 – 1.749.999 kr.
1.750.000 – 1.999.999 kr.
2.000.000 kr. og derover
Ved ikke/Vil ikke svare

Part 4 – Attitudinal questions
A1

A2

Hvor ofte foretaget du flere ture med bil over
Storebæltsbroen eller Øresundsbroen?

How often have you made trips by car across the
Great Belt or Øresund bridges?

Månedligt eller oftere

Every month or more

Et par gange om året

A couple of times a year

Sjældent

Seldom

Har aldrig foretaget sådanne ture

I have never made such trips

Hvor enig er du I følgende udsagn?

Please provide your views on the following statements
(1 = strongly disagree, 7 = strongly agree)

(1 – meget uenig, 7 – meget enig)

Traffic congestion is a serious problem in Copenhagen.

Trængselsproblemer er et alvorligt problem i
København.

Air pollution generated from cars is a serious problem.

Luftforurening fra biltrafikken er et alvorligt problem i
København.

Charging people to drive on a new bridge or tunnel is ok if
the charges are used for that facility

Kørselsafgifter for benyttelse af en ny bro eller tunnel
er acceptable, hvis indtægterne benyttes til
finansiering af dette anlæg.

Charging people to drive on roads is ok as long as the
money goes back into providing high quality roads.

Kørselsafgifter for biltrafikken er acceptable, hvis
indtægterne herfra benyttes til udbygning og
forbedring af vejnettet.
A3

Hvilke af følgende udsagn passer bedst på dig?

Which of the following statements most closely
applies to you
I don’t mind travelling in a car in tunnels

Jeg har intet imod at køre gennem en tunnel.
Jeg har intet imod at køre gennem en tunnel, hvis den
føles lys og med god plads.
Jeg kan ikke lide at køre i bil gennem en tunnel, men
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I don’t mind travelling in a car in tunnels, particularly if they
are designed well to feel light and open
I don’t like travelling in a car in tunnels but I wouldn’t
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jeg vil ikke ændre min rute for at undgå en tunnel.

change my route to avoid tunnels

Jeg kan ikke lide at køre i bil gennem en tunnel. Jeg vil
ændre min rute for at undgå en tunnel, selv om det
måtte forøge min rejsetid.

I don’t like travelling in a car in tunnels and I would change
my route to avoid tunnels, even if the journey took a bit
longer

Jeg vil aldrig køre i bil gennem en tunnel.

I would never travel in a car in a tunnel
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Annex B. MNL model development results

The findings from the MNL model development are summarised below.

B.1. Reference dependence
Table B-1 shows the reference dependence terms for the best MNL models. It was not possible to identify
gamma terms (allowing for non-linearities to be different for gains and losses).
For commute, only

and

are significantly estimated in the MNL models.

is positively estimated
is negatively

(0.32), which indicates that losses matter more than gains for the time components.
estimated (-0.21), this would imply the opposite of damping, which is counter-intuitive.
For business, only

is significantly and positively estimated (0.24), which indicates that losses matter

more than gains for the cost. We found a similar pattern of result for time (

= 0.44), however the

is positively estimated at 0.21 which indicates that

impact is not statistically significant (t=1.3).

marginal value of time decreases as the size of the change increases.
For other travel none of the reference dependence terms was significant.
Table B-1 Reference dependence: Size and sign effects
Purposes

Commute

Final log (L)

Others

-15,271

Improvement of LL

48.6
est.

rob t(0)

Business

-10,454

-5,638

23.0
est.

rob t(0)

7.0
est.

rob t(0)

beta_tt

Size effect of time

-0.0028

-0.1

0.1232

0.95

-0.0077

-0.1

beta_tc

Size effect of cost

-0.2143

-4.7

-0.1063

-0.84

-0.0439

-0.5

eta_tt

Sign effect of time

0.3186

5.4

0.2678

0.75

0.2191

1.2

eta_tc

Sign effect of cost

-0.0374

-0.3

0.7877

0.66

0.3233

2.0

It is interesting that less reference dependence is observed in this study than in others. Perhaps this is a
result of the formulation of the choice experiments, including up to four alternatives. It may also be
attributed to the reduced range of changes in this study, which were based around potential changes
brought about because of a new tunnel. Therefore, there is less variation in the cost and time changes
across people. Moreover, the changes were not especially larger for those who made longer trips.
No significant correctly-signed reference dependence terms were identified in the models with random
heterogeneity.
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B.2. Deterministic heterogeneity tests
B.2.1. Income, cost, time and distance elasticities
Below, Table B-2 shows the comparison of the elasticity terms for each of the journey purposes for the
MNL models.
Table B-2 Resulting model elasticities, by purpose
Commute (v34)

Business (v15)

Other (v18)

Lambda_inc

0.33 (5.9)

0.48 (3.8)

0.38 (5.5)

Lambda_dist

-0.54 (-4.4)

-0.17 (-0.9)

-0.28 (-1.2)

Lambda_cost

0.68 (6.3)

0.61 (4.2)

0.04 (0.2)

Lambda_time

0.11 (1.3)

-0.18 (-0.7)

0.55 (5.6)

T-ratios represent the significance relative to zero.

Personal income elasticities are all positively and significantly estimated, indicating higher VTTs with
higher income levels, which is intuitive and consistent with the previous experience.
Interestingly, we found that all the distance elasticities were negatively estimated, although only the
commute model term was significant. This leads to smaller VTTS, with increasing distance, which is
counter-intuitive. We suspect that there may be some correlation between the trip distance and reported
cost (or reported time) in the present study, which may contribute to a negative estimate of distance
elasticities. Further, the negative distance terms are counter-balanced by the positive cost and time terms.
The reported cost term is positively estimated in the models for all purposes, indicating higher values of
time for journeys with higher costs. This will counterbalance the negative distance elasticity term.
Lastly, the reported time was only significantly estimated in the other purpose model, indicating again
value of time increases with journey time. Again, this will counterbalance the negative distance elasticity
term.

B.2.2. SP experiment design effects
Below, Table B-3 shows the results for the MNL models where we find that if time is presented at the top
of the choice, the VTT is significantly lower (t-ratio against 1).
Table B-3 Multipliers on VTT when time is presented at the top of the choice, MNL model results

Time top multiplier

Commute

Business

Other

0.90 (-5.9)

0.83 (-2.6)

0.80 (-8.5)

T-ratios represent the significance relative to one.

The order of alternatives presented in the SP choices can affect the alternative-specific constants. Below,
Table B-4 shows the position effects by journey purposes for the MNL models. Most of the terms have a
relatively small magnitude and many are not significantly estimated. This indicates that the position of
the alternative has very little impact on the model estimates, and most of them are not statistically
significant.
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Table B-4 Impact of the position of alternatives, MNL model results
Commute

Business

Other

P2

0.04

(1.5)

0.04 (1.3)

-0.10

(-4.6)

P3

0.08

(2.7)

0.03 (0.6)

0.11

(3.1)

P4

0.02

(0.6)

-0.12 (-2.0)

-0.02

(-0.5)

T-ratios represent the significance relative to zero.

B.2.3. Scale parameter
Initial model tests (see Table B-5) indicated that the different data collection approaches did not have a
significant impact on the error variances of the responses, i.e., respondents recruited from the panel survey
were not necessarily making more errors than those from postcards. The separately estimated scale terms
were therefore dropped to reduce the complexity of the models and reduce the model running time;
however, covariates were retained to detect whether the VTTs varied by the different survey data
collection methods. These were found to be insignificant in the final models.
Table B-5 Examining scale heterogeneity, all data
Additive
Scale_PPAN

panel

1.000

(*)

Scale_PPST

postcard

Scale_MAIN

main survey

1.134 (1.67)
1.000

Scale_PILOT

pilot survey

1.011 (0.1)

Scale_pc

PC

1.000

(*)
(*)

Multiplicative
1.000

(*)

0.9204 (-1.63)
1.000

(*)

1.004 (0.04)
1.000

(*)

Scale_mob

Mobile

1.070 (1.07)

0.9602 (-0.78)

Scale_tab

tablets

1.069 (0.81)

1.085 (1.21)

T-ratios represent the significance relative to one.

87

