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Introduction & survey work

Value of travel time and its importance
• One of the most important concepts in transport
appraisal
• Not the value placed on time spent in travel,
but to the difference in time between two
scenarios, one of which will never be
experienced
• Examples:
 Build a new road or not?
 Improve PT frequency or not?
 Road pricing or not?

Savings, losses, or changes?
• Historically, people have talked about ‘value of travel time
savings’
 Travel time savings are usually the largest single component of the
monetised benefits of projects

• Ignores point that appraisal usually compares two
hypothetical futures
• But also somewhat ignores the fact that changes may be
positive or negative
 Not everyone gains from
changes

• Also relates to issue that G/L
may be SP artefacts
• We thus talk about ‘value of
travel time’ (VTT) to convey
concept, though VTTC is
another option

policy/infrastructure
(sometimes intentionally so)

this

Background to current UK values
• Most recent official values are based
on 2003 analysis of 1994 data!
• Values can be updated for GDP and
trip patterns
• Not credible to suggest that more
major changes (e.g. internet
revolution, mobile working) have not
altered underlying behaviour
• Also, the 1993/2003 work was ‘stateof-the-art’
 rosy days when the UK was at the
forefront of national VTT work
 experimental design and data collection
techniques have changed
 modelling (in general and for VTT) has
changed beyond recognition

A slow start and govt inertia is a problem!
• New study announced in early 2014
• Work finally started in July 2014
• No data collection allowed over
summer
• Study needed to finish by May 2015
general election!
• Four months for modelling, when
other studies had >18 months
• Having a client that is (or thinks it
is) well informed can be
problematic at times
• And we had an ‘interesting’ peer
review panel

Survey work – today is about SP only
• Binary SP experiments, with Bayesian efficient designs:
 time/money (SP1)
 time/money/reliability (SP2)
 time/money/quality (SP3)
• A priori client decision that this was going to be the way
• Client also decided on specific intercept approach
• But respondents received all 3 games, with 5 choices per game
• Differs from two-game format used in previous European studies
 desire for comparability
• Where possible, we ‘pivoted’ attribute levels around travellers’
current trips, though we made some exceptions to this approach
• In total, a sample of 8,623 individuals was collected

Modelling work

Multiplicative specification
• Preliminary work showed better performance and more
reasonable results for multiplicative error structure
• Replace 𝑈 = 𝑉 + 𝜀 by 𝑈 = 𝑉 ∙ 𝜀
• Practical advantage is that it becomes much easier to
impose constant variance for 𝜀
• In general, it is found that utility variance increases as
utility increases and this is handled automatically in the
multiplicative form of the model
• Represents state of the art for SP1 in Europe
• Developed a corresponding approach with reference
dependence for SP2 and SP3

Implementation across games
• For SP1, formulate model in log willingness-to-pay form
 Error in models proportional to boundary value of time

 consistent with notion that main source of error in simple timemoney trade-offs would be unexplained heterogeneity in VTT
 Log transform within additive structure for multiplicative errors

𝑉𝑠 = 𝜇𝑆𝑃1 . log −

𝑐𝑜𝑠𝑡1 −𝑐𝑜𝑠𝑡2
𝑡𝑖𝑚𝑒1 −𝑡𝑖𝑚𝑒2

& 𝑉𝑒 = 𝜇𝑆𝑃1 . log 𝜔

where 𝜔 is estimated VTT and 𝜇𝑆𝑃1 is a scale parameter
• In SP2/SP3, we can’t easily formulate a boundary value
 Instead make error proportional to overall utility - greater error on longer trips
 𝑉𝑗 = −𝜇𝑆𝑃𝑥 ∙ log 𝑐𝑜𝑠𝑡𝑗 +

𝑘𝑇 𝜔𝑘𝑇 𝑥𝑗𝑘𝑇

−

𝑘𝑁𝑇 𝜔𝑘𝑁𝑇 𝑥𝑗𝑘𝑁𝑇

𝜔𝑘𝑇 and 𝜔𝑘𝑁𝑇 are monetary values for reductions/increases in
time/non-time components

Size and sign effects
• Common finding that VTT depends on sign (asymmetries) and
size (non-linearities) of time/cost changes relative to ‘reference’
• Test reference-dependence for most time and cost attributes,
expanding de Borger and Fosgerau (2008) (dBF) approach
• Differences from reference or differences between alternatives?
 Attempts to do both is liable to introduce overspecification
• In previous studies, effects would have been perfectly
confounded as reference values appeared in every choice task
• Could have interpreted as differences from reference value
rather than differences between alternatives (as was done)
• Given the vast evidence on the importance of reference
dependence, our work focusses on differences from reference

dBF Value functions
• Value of change ∆𝑥 relative to the reference value 𝑥0
𝑣 ∆𝑥 = 𝑆(∆𝑥). exp 𝜂 𝑆(∆𝑥) . |Δ𝑥|𝛼
 ∆𝑥 = 𝑥 − 𝑥0 , 𝛼 = 1 − 𝛽 − 𝛾𝑆(∆𝑥)
 𝑆 ∆𝑥 is sign function, defined for ∆𝑥 ≠ 0 by 𝑆(∆𝑥) = ∆𝑥 ⁄ (|∆𝑥|)
 𝜂 gives difference of gain and loss values from an ‘underlying’ value
o measures sign effect, with 𝜂 > 0 losses matter more than gains
 𝛽 allows the impact of gains and losses to be non-linear
o If 𝛽 > 0, marginal value decreases as size of change increases
 𝛾 allows non-linearity of value to be different for gains and losses
o interaction between sign and size effects
o negative value for 𝛾 would mean that damping is smaller for
increases than for decreases from the reference value

This stuff is pretty flexible
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Implementation across games: SP1
• For SP1, can rearrange base specification to give:
𝑉s = 𝜇𝑆𝑃1 . log

∆𝑐1 −∆𝑐2
−
𝜔∆𝑡1 −𝜔∆𝑡2

and 𝑉𝑒 = 0

• Respondents value the cost difference they are offered by
𝑣 ∆𝑐1 − 𝑣 ∆𝑐2 and the time difference by
𝑣 𝜃∆𝑡1 − 𝑣 𝜃∆𝑡2
• It is then ‘rational’ to choose the slow alternative if
|𝑣 ∆𝑐1 − 𝑣 ∆𝑐2 | > |𝑣 𝜃∆𝑡1 − 𝑣 𝜃∆𝑡2 |, and we get:
𝑉𝑠 = 𝜇𝑆𝑃1 . log −

𝑣 ∆𝑐1 −𝑣 ∆𝑐2
𝑣 𝜃∆𝑡1 −𝑣 𝜃∆𝑡2

and 𝑉𝑒 = 0

Implementation across games: SP2&SP3
• To introduce reference dependence in the specifications for
SP2 and SP3, we can replace any of the terms in the utility
functions by the corresponding 𝑣 for changes in the
associated attribute
• With cost, time and delay (𝑑), we could write
𝑉𝑗 = −𝜇𝑆𝑃x log 𝑐𝑗 + 𝜃𝑡 𝑡𝑗 + 𝜃𝑑 𝑑𝑗

and substitute value functions for these components
𝑉𝑗 = −𝜇𝑆𝑃x log 𝑣 ∆𝑐𝑗 + 𝑣 𝜃𝑡 ∆𝑡𝑗 + 𝑣 𝜃𝑑 ∆𝑑𝑗 + 𝜃𝑡 𝑡0 + 𝜃𝑑 𝑑0 + 𝑐0

• The inclusion of the base values in addition to the value
functions inside 𝑉𝑗 is required, as, in contrast with the model
for SP1, we are not working in relative valuation space

Interpretation part 1
• Differently previous work, we are able to estimate separate 𝜂,
𝛽 and 𝛾 parameters for both time and cost also in SP1 as
design does not impose presence of reference value
• The value functions are defined to have arguments and values
denominated in cost units
 cost value of a cost change ∆𝑐 is given by 𝑣(∆𝑐)
 cost value of a time change 𝑡 is given by 𝑣(𝜃∆𝑡), where 𝜃 is the
‘underlying’ value of time

• VTT is not derived by differentiation of utility anymore
• A simple way to see the derivation of VTT is to think of the
values of ∆𝑐 and ∆𝑡 that would maintain indifference with the
base situation in which ∆𝑡 = ∆𝑐 = 0

Interpretation part 2
• For a specific value ∆𝑡′, we can find the value ∆𝑐′ such that
𝑣 ∆𝑐′ + 𝑣 𝜃∆𝑡′ = 0
• The average willingness to pay per unit of time is then ∆𝑐′/∆𝑡′
• Take average of gain value and loss value to express an
‘underlying’ VTT
 not least as do not know whether these are real or SP effects

• To obtain a reference-free value, we take average of the loss
value of a given ∆𝑥 and the gain value of the same ∆𝑥
 calculate geometric mean of 𝑣 ∆𝑥 and −𝑣 −∆𝑥
𝑣 ∆𝑥 . (−𝑣 −∆𝑥 ) =

=

exp 𝜂 . |∆𝑥|1−𝛽−𝛾 . exp −𝜂 . |∆𝑥|1−𝛽+𝛾

|∆𝑥|2−2𝛽 = |∆𝑥|1−𝛽

• Arithmetic mean possible too but would need a slightly
different model

Interpretation part 3
• Geometric mean of gain and loss values leads to estimate
of a ‘reference free’ value in which 𝜂 and 𝛾 do not appear
• However, there is no analogous argument to eliminate 𝛽
• Solving 𝑣 ∆𝑐′ + 𝑣 𝜃∆𝑡′ = 0, for gain-loss average value
functions we then obtain, for oppositely signed ∆𝑐 and ∆𝑡:
∆𝑐 1−𝛽𝑐 = 𝜃|∆𝑡| 1−𝛽𝑡  ∆𝑐 = 𝜃|∆𝑡|
• VTT (per unit of time) now:
𝑉𝑇𝑇 =

∆𝑐

𝜅 |∆𝑡|𝜅−1
=
𝜃
|∆𝑡|

1−𝛽𝑡
1−𝛽𝑐

= 𝜃|∆𝑡|

, with 𝜅 =

• VTT is a function of the change in time, except when
𝛽𝑐 = 𝛽𝑡 , which gives 𝜅 = 1

1−𝛽𝑡
1−𝛽𝑐

𝜅

Joint modelling across games
• Joint estimation increases robustness for parameters shared across
games: covariates and random heterogeneity parameters
• We allow for differences in valuations across games by using
separate multipliers, relating them to the base 𝜃, say 𝜃0
• Using the example of car, we obtain six separate θ measures
 𝜃𝑆𝑃1,𝑉𝑇𝑇 = 𝜁𝑆𝑃1,𝑉𝑇𝑇 𝜃0 , for the valuation of travel time in SP1
 𝜃𝑆𝑃2,𝑉𝑇𝑇 = 𝜁𝑆𝑃2,𝑉𝑇𝑇 𝜃0 , for the valuation of average travel time in SP2
…

• Normalisation: 𝜁𝑆𝑃1,𝑉𝑇𝑇 = 1
• We also make use of game-specific scale parameters.
• Joint probability of choices for respondent n:
𝑃𝑛 = 𝑃𝑆𝑃1,𝑛 𝑃𝑆𝑃2,𝑛 𝑃𝑆𝑃3,𝑛

Deterministic heterogeneity
• Incorporated heterogeneity at the level of a base VTT, which
then influences different valuations across games
• Deterministic heterogeneity:
 person and trip covariates
 design effects other than dBF (e.g. left-right)

• With different dBF effects across games, needed an additional
complex normalisation to ensure consistent sociodemographic effects across games (too much for today!)

Random heterogeneity
• Random heterogeneity in base value 𝜃0
𝑃𝑛 =

𝜃0

𝑃𝑆𝑃1,𝑛 𝜃0 𝑃𝑆𝑃2,𝑛 𝜃0 𝑃𝑆𝑃3,𝑛 𝜃0 𝑓 𝜃0 𝑑𝜃0

• Log-normal led to usual problems with tail and did not like idea
of censoring, which we felt to be arbitrary
• ‘Discovered’ log-uniform distribution, which has a somewhat
shorter tail than the lognormal distribution
• x is log-uniformly distributed if y = log(x) is uniformly distr.
• Denote a as lower bound and b as spread of uniform distr. :
𝐸 𝜃0 =

exp 𝑎+𝑏 −exp 𝑎
𝑏

and 𝑉𝑎𝑟 𝜃0 = exp (2𝑎)

exp 2𝑏 −1
exp 𝑏 −1 2
−
2𝑏
𝑏2

• Improvements in fit over the lognormal distribution
• Lack of substantial improvements by adding semi-nonparametric
terms using the Fosgerau & Mabit (2013) approach

Shape of loguniform

Summary of behavioural results

Summary of overall findings
• In line with other national studies, we found significant
evidence of VTT increasing with income
 in all mode/purpose segments except bus and ‘other PT’ commuting
 for key segment (car commuters), obtained an income elasticity of 0.6

• Also found that VTT varies with travel time and cost of the trip
 both closely related to distance
o VTT increases with trip distance

• Time use, geography, current travel conditions and current
road types were found to have little or no impact on VTT
 This could however largely show that travellers do not think about
‘current’ conditions when completing SP choice tasks
 This is worrying, as we will see later on

dBF parameters: example of car commuters
• Size effects only for time and only in SP1
and SP2
• Asymmetric damping for time in SP1
• Sign effects (gain-loss asymmetry) for time
in SP1 and SP2, and cost in SP1 and SP3
• bigger impact in SP1 than SP2 and SP3
• this could suggest that ‘simpler’ games may
lead to more reference dependence
• also strengthens argument that these are at
least in part SP artefacts

dBF parameters

est.

rob t-rat (0)

βt,SP1 -0.4000

-3.64

βt,SP2 -0.1564

-2.84

γt,SP1 -0.2127

-3.52

ηt,SP1 0.2573

4.34

ηt,SP2 0.0874

1.43

ηc,SP1 0.1267

2.18

ηc,SP3 0.2771

1.51

Implementation for appraisal

Sample enumeration approach
• Behavioural models supply the formulae for the VTT as a function of
covariates
• But estimated from a sample which is not nationally representative
• Used a ‘sample enumeration’ approach to calculate appropriate
valuations for each observation in a representative sample
• Make use of the relevant covariates, and then calculate weighted
averages to ensure national representativeness
• Also allows convenient aggregation over dimensions that may or may
not be in the SP
• Use the NTS sample of around 1M trips made by persons over 16 years
of age by all motorised modes collected during the years 2010-12
• While NTS is a sample, it contains a set of weights aimed at achieving a
representative picture of national travel
• Developed a tool that allows the user to look at different segments,
and produces confidence measures

What to do about size and sign effects?
• Modelling approach used produces reference free values in terms
of gains and losses, e.g. increases and decreases in time
• The same is not possible for the size effect, i.e. that the VTT is a
function of the amount of time that is being valued
• The behavioural values are dependent upon the size of the time
change t
• Implementation team was at first very excited by this:
 Thought we could use different values for different schemes, relating them
to real world time savings

• But impossible to say whether reference effects are SP artefacts or
real world phenomena
• Becomes necessary to make a definitive assumption concerning t
• A value of t=10 was then used
 informed by analysis of the sensitivity of VTT to different t
 And comparison with the corresponding assumptions employed in the
most recent Danish and Swedish national studies

What values to be used as headline values?

• Our work showed major differences in valuations across games
 Value of time is different depending on presence or absence of reliability
attribute in survey (i.e. SP2 vs SP1/SP3)
 Values differ depending on traffic/crowding (SP3)

• No conclusive pattern of relationship between SP1 and SP3
 Questions what type of trip conditions SP1 relates to
 Do not seem to relate to conditions on real world trip which was sampled

• For the modellers at least, this leads to some questions as to the
reliability of SP1

• Alternative approach is to use SP3 and weight the values by
conditions
• Client/appraisal team went with SP1
 Felt that weights for SP3 conditions from NTS were not reliable
 Arguably more reliable than assuming that trips in estimation sample are
representative

Headline values in £/hr (based on SP1)
Commute
Source

Current
WebTAG
values

New
values

Distance

Other
non-work

Employees’ business

All
All modes All modes
modes

Car

Bus

‘Other
PT’
24.72

All

7.62

6.77

25.47

24.43

15.64

All

11.21

5.12

18.23

16.74

-

<20 miles

8.27

3.62

8.31

8.21

-

6.49

16.05

15.85

-

9.27

28.62

25.74

-

20 to 100 miles
>= 100 miles

12.15

Rail
30.07
27.61

8.33

10.11
28.99

Of course, the issue is then how others interpret the
results!
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