THE VALUE OF COMMUTER
TRAVEL TIME SAVINGS

Empirical Estimation using an Alternative Valuation Model

By David A. Hensher*

In recent years there has been an extensive amount of empirical investigation of the
average value that individuals attach to savings in travel time [9]. Building on the
theory of consumer choice elaborated by Lancaster [11]1, behavioural models of
modal choice have been developed, primarily to explain and predict the proportions
of travellers using each method of transport; and as a byproduct the trade-off
between differences in the travel times of the alternative modes has yielded values
of travel time savings. The implicit assumption in this method is that values of
time can be logically derived from a situation where we have a sample of travellers
who are assumed each to have two alternative methods of transport to choose
from, one of which is his actual method for the journey and the other an alternative
which he may or may not have used on any previous occasion. The theory of re-
vealed preference as applied to such situations is taken to assume that individuals’
behaviour, as reflected in the acceptance of a particular means of transport and
rejection of another means of transport, is an indication of preference, and that the
choice of mode is related to a few of the characteristics of two modes. In fact the
alternative might not even be considered where an individual has a settled present
preference, especially when it has become a habit. This is typified by the journey to
work, the type of journey most frequently used in empirical studies into the value
of travel time savings.

The aim of the present paper is to present and discuss some empirical results
derived from a valuation model which was developed specifically to obtain values
of travel time savings (VTTS) for commuter journeys under an alternative hypo-
thesis about how choice is made. The hypothesis and the basic model, discussed in
greater detail elsewhere [8], [10], are presented summarily, and then empirical
analysis is used to identify the variations in the VI'TS when trip length, the amount
of time saved, and income are varied.

THE VALUATION MODEL

Earlier research [8] identified an alternative hypothesis which is central to this
paper, namely:
“Under habit conditions typified by the journeys to and from work, the indi-
vidual traveller only considers potential substitution between alternative

*Transport Studies Unit, University of Oxford, and Commonwealth Bureau of Roads (Australia).

1Rather than assuming that consumers choose between commodities per se, Lancaster’s approach
assumes that choice depends upon characteristics of commodities. A traveller might thus choose
between two modes for a particular trip on the basis of travel time and cost.

167




May 1976 JOURNAL OF TRANSPORT ECONOMICS AND POLICY

commodities (modes) in his relevant choice set if his usual chosen commodity
(mode) becomes less attractive in terms of the relevant characteristics of the
alternative commodities than it was previously.”
"This situation in which the individual begins to consider the relative advantages of
alternative modal options can be appropriately referred to as a point of potential
substitution, at which the individual enters his decision space [8] and commences
a search and learning procedure in order to decide whether to maintain his habitual
mode or select an alternative mode.

If this approach by the point of potential substitution is to be related to the
objective of understanding the relationship between cost and time so as to develop
a method to directly value savings in travel time, a knowledge is required of the
combined level of characteristics of the relevant commodity which approximates a
point of potential indifference [1]. Since the levels of relevant characteristics asso-
ciated with revealed preferences are generally not adequate as a measure of the point
of potential substitution, it is necessary to incorporate the underlying attitudes of
individuals towards modal characteristics. This assists in gauging the more dynamic
role of relevant characteristics, and in gaining knowledge on the level of the com-
bination of relevant characteristics that places an individual in a position where he
can trade off alternative combinations of quantities of the given set of characteristics,
and hence modal options.

To utilise the indifference point concept we need to adjust the time-cost trade-off
so that the individual is potentially indifferent between modes. This must be done
in accordance with the definition of the value of travel time savings in terms of the
ability of the present and other models to identify a value of time savings in the
absence of quantitative measures of the influences on mode choice other than time
and cost. The definition adopted is:

The value of travel time savings is the amount of money an individual must
be willing to lay out in order to receive a given amount of a composite charac-
teristic named “time”, but of which time savings is only one element.
A mechanism is required for overcoming the discontinuity problem (associated with
the traditional approach) for each individual: one which identifies “the amount
of cost change that would have to occur in the usual mode journey for the individual
to consider an alternative mode of transport.” This is an attitudinal concept. At this
point an individual is potentially indifferent towards the two modes in terms of cost,
time and the circumstances under which time is spent. We choose to express this
potential transfer price in terms of a money outlay rather than a time outlay, since
this conforms with the definition of the value of travel time savings. Alternative
expressions are discussed elsewhere [2, 7, 12].
A model consistent with the discussion above is proposed:
C=a, +aXi +aX> + ... + a4, (1)
where:
C = the net monetary benefit of mode choice, equal to C, — C, + TP,;
TP, is the transfer price.
X; = the (reported) time difference between the usual and alternative modes.

X,...X, = all other variables which are hypothesised (and measurable) as signi-
ficant contributions to the perceived net benefit of the chosen mode.
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The explicit basis model empirically tested is:

Cu + TPc - Ca =a, + al(tu - ta) (3)

where:
u = usual mode, a = alternative mode, C = money cost, { = travel time.

The coefficient of the explanatory variable is a direct estimate of the value of travel
time savings, and the constant is a measure of intertia (psychic attachment) inde-
pendent of mode. Further details about the basic model, the measurement and
reliability of the transfer price, and empirical results derived from the basic model
are detailed elsewhere [10].

THE DATA

The data, collected in 1971, consists of a sample of commuters randomly selected,
subject to a number of restrictions, from an area approximately 15 miles north of the
Sydney (Australia) Central Business District. The restrictions applied in sampling
were:

1. The individuals must be commuters who use one of the main means of
transport available for the greater part of the journey to work, and who have
an effective choice between alternative modes of transport for that particular
journey.

. Each individual must have a fixed workplace address.

. The household must own at least one car.

. The individual must own a current driver’s licence.

. People who require a car for use during working hours, or who have a
company car for use in the journey to work, must be excluded on the grounds
that their choice is not real.

O 0N

EMPIRICAL ANALYSIS

Earlier research [10] discussed the value of travel time savings in terms of a con-
stant VI'TS over all individuals travelling to work in urban areas. Income has
traditionally been assumed to be a key determinant of variations in the value of
travel time savings; but, even if all commuters had similar incomes, the VTTS
could vary for reasons other than income—reasons directly associated with the
nature of the trip. This variation can apply between individuals in different circum-
stances, and within individuals under different conditions.

There is a dearth of empirical evidence on the relationship between the VITS,
trip length and the amount of time saved [5]. To obtain such evidence by strati-
fication would require sample sizes much greater than the present data set. Thomas
and Thompson [15] produced the first empirical results obtained by the process of
stratification on the relationship between VITS and the amount of time saved,
but it was necessary to resort to a direct method before any additional dimensions
could be considered. Though they were able to relate the VI'TS to income and the
amount of time saved, their analysis fell short of acceptance for application to
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TapLE 1

Relationship between the value of travel time savings, trip length and the
amount of time saved : the valuation model, the direct method, N = 301

Trip

Length Amount of time saved (minutes)

(mins.)

5 9 13 17 21 25 29

10 40-36 68.90 97-42 125-96 154-49 183-02 211-55
20 22-53 36-80 51-06 65-33 79-60 93-86 108-12
30 16-59 26-10 35-61 45-12 5463 64-14 73-65
40 13-61 20-75 27-88 35-01 42-15 49-28 56-41
50 11-83 17-54 23-24 28-95 34-66 40-36 46-07
60 10-64 15-40 20-15 2491 29-66 34-42 38-86
70 979 13-87 17-94 22-02 26-10 30-17 34-25
80 9-16 12:72 16-29 19-86 23-42 26-99 30-55

VTTS = 60 (—0-0783 — 1-1888 (¢, — ta)/tu)
(cents/hr.)

economic evaluation models because of the absence of any consideration of trip
length. In this section, results are presented on the relationship between the VTTS,
trip length, the amount of time saved and the individual’s income.

The model from which the results given in Table 1 was estimated is of the form:

(cu =+ TPc - ca) ay + bo(tu - ta) + bl([tu - ta}z/tu)
where
VTTS = bo + bi([t, — ta]/t)
and
(C, + TP, —C,) =ay + VITS(t, —t,)
(t, — t,) can be interpreted as the amount of time saved, and ¢, as the time spent
travelling on the present mode.

The results given in Table 1 indicate that

(i) As the amount of travel time saved increases, an individual is prepared to
pay more, for any trip length, to save a unit of travel time. As the trip length in-
creases, however, the increment is proportionately less for that same unit of time.

(ii) For any given amount of time saved, a person is willing to lay out less money
to save a unit of travel time as trip length increases; and this amount reduces more
than proportionately as the given amount of travel time saved increases.

These two tendencies apply to typical urban commuter trip lengths of between 40
and 70 minutes and typical amounts of time saved of between 1 and 20 minutes.
The mean overall VITS is 57 cents per hour, a value obtained when the trip length
is approximately 1-5 times the amount of time saved (Table 1)—for example, where
the overall door-to-door trip to work is 30 minutes when the car is the main mode,
but 50 minutes if the train is the main mode.

When the effect of income is allowed for (Table 2), the variation from the VI'TS
shown in Table 1—which makes no allowance for income—indicates that, for any
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TABLE 2

Relationship between the value of travel time savings, trip length, amount of
time saved and income: the valuation model, the direct method, N' = 301

(i) Mean Income = $4,000 per annum

Trip
Length Amount of time saved (minutes)
(mins.)
5 9 13 17 21 25 29

10 31-67 60-20 88-74 11727 145-86 174-44 202-92
20 13-90 28-11 42-37 56-64 70-90 85-17 99-43
30 7-89 17-41 26-92 36-43 4594 55-45 64-96
40 493 12-06 19-19 26-32 33-46 40-59 47.72
50 x 9-93 14-56 20-26 25-97 31-79 37-38
60 x 671 11-46 16-22 20-97 25-76 30-49
70 x 5-18 9-26 13-01 17-41 21-48 25-56
80 x 403 7-60 11-17 14-73 18:30 21-87

VTTS = 60 (0-0665 — 1-1888(¢, — ¢,)/t,

(cents/hr.)

(ii) Mean Income = $6,000 per annum
Trip
Length Amount of time saved (minutes)
(mins.)
5 9 13 17 21 25 29

10 27-33 55-86 84-39 112-09 141-45 169-99 198-52
20 9-50 23-77 38-02 52-29 66-56 80-83 95-09
30 8-33 13-06 22-57 32-09 41-60 51-11 60-62
40 5-82 7-71 14-85 21-98 29-11 36-25 43-38
50 x 4-51 10-21 15-92 21-62 27-33 3%:03
60 x 2-36 8:33 11-87 16-63 21-39 26-14
70 x —0-84 491 899 13-06 17-14 21-22
80 x —0-31 3-26 6-82 10-39 13-96 17-52

VTTS =60 (0-1389 — 1-1888(¢, — t)/t)

(cents/hr.)

HNote: x indicates that the VTTS lies within an assumed region of insensitivity; i.e.
(t — ta)fty € 0-1.

given income level and amount of time saved, there is a constant absolute change in
the VITS as trip length increases, and the magnitude of this constant change
increases as income increases. For example, the variation between Tables 1 and 2(i)
is 9 cents/hour, and between Tables 1 and 2(ii) it is 13 cents/hour. Also, for a given
income level and trip length, the VTTS increases by a constant absolute amount as
the amount of time saved increases; but the magnitude of this constant change
diminishes as trip length increases, the rate of decrease being constant as income
changes (for any given amount of time saved over varying trip lengths). The pro-
portionate change in the VITS, however, is marginally greater, for a given amount
of time saved, as trip length decreases; and this marginal change, for any given trip
length and amount of time saved, increases as income increases.
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The introduction of income into the relationship between the VI'TS, trip length
and the amount of time saved produces some important results. The $2,000 income
difference (between Tables 2(i) and 2(ii) ) appears to change the VI'TS, for any
given combination of trip length and amount of time saved, by only 4 cents/hour,
inferring a reasonably constant VTTS for any trip length/amount of time saved
combination over income ranges representative of the sample. This finding reinforces
the result found elsewhere [6] of a reasonably constant income level as trip length
changes. Income appears to be a mechanism that changes the absolute magnitude
of this constant relationship, rather than the relationship itself.

SIZE OF TIME SAVINGS2

The utility of time is unlike the utility of money. Its non-storeability3 makes the
absolute size of any time saving an important factor in determining its value. This
in turn is related to the overall trip length. It may be that only when the saving to
an individual is of some minimum absolute discrete size and minimum size relative
to the overall trip length that the individual will value it at all: i.e., there are thresh-
olds of insensitivity.

An implicit assumption is that value structures are homogeneously distributed
over the trip lengths in such a manner that analysing a cross-section of individual
travellers over different trip lengths produces the same relationships as analysing
one individual (in time series) whose trip length for the same journey purpose
changes over time. This has had to be an implicit restriction in all previous studies.

Georgescu-Roegen [4] introduced the notion of the threshold of insensitivity into
the theory of consumer behaviour, suggesting that a choice will be considered ouly
when the positive range or threshold of insensitivity is overcome. It has its origins in
psychophysics and the general theory of signal detection [14], dealing with relations
between experienced intensity and physical intensity, and is based on Weber’s Law,
which sought to answer the general question how much intensities of stimulation
must differ before the difference can be noticed.

It has been common knowledge in the behavioural disciplines that stimulation is
normally capable of eliciting reportable human responses only if a certain threshold
or positive range of insensitivity/indifference is first overcome [3]. It is postulated
that the value of travel time savings applies within bounds, i.e., there is a minimum
amount of time saving for various time-length trips below which it is not appropriate
to assign a value of travel time savings derived from improvements in transport
facilities in the assessment of the benefits to the user as he perceives them. Whereas
in psychophysics reference is made to the situation where a person cannot perceive a
difference, the interpretation placed upon the threshold analysis here is that a person
may or may not perceive a difference, but that even if he does perceive a difference

2This section of the paper has benefited by some useful comments from an anonymous referee,
to whom I am grateful. ‘

3Small sums of money can be put aside as they are received and kept until they have aggregated
to the desired level. They can be used for any desired purpose, Time cannot be stored in this way.
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it is not strong enough (within an insensitive region) for him to take it into account,
even if this taking into account would just reinforce his present choice. The larger
time savings would entail search and learning, or an adjustment of the value placed
on time savings (over time), or a reinforcement of present choice.4

Thus when assessing valuation in practice we should consider dividing the poten-
tial gainers in accordance with some criterion such as trip length, and apply the
value of time savings to each time-length group after making allowance for this
insensitive region.5 For example, if (say) one trip is 70 minutes, and it is shown that
an improved road will reduce the time by only 4 minutes, this might not be a
significant time saving to the individual, because it falls in the insensitive region.
To the individual there is, perceptually, no saving. However, a saving of 4 minutes
in a 10 minute trip might be outside the insensitive region and thus be a significant
time saving, i.e., one that is associated with a behavioural value of travel time savings.

Let us begin with a schematic representation of a likely situation and an assumed
distribution of travellers with respect to trip length (Figure 1). At a particular time-
distance there are x%, of trips. The amount of time savings for this particular time-
length fy below which the user is insensitive is So. Similarly, for another time-
distance with »9%, of users, the amount of time savings for this particular time-length
t; below which the user is insensitive is ;. The locus of all thresholds of insensitivity
is line UB;—an iso-user benefit curve.

Any point on this curve represents the same amount of benefit obtained by users
travelling various time-distances when there is a saving in travel lime of such a
magnitude that the individual is just insensitive to the savings (i.e., the threshold
level). Beyond a time saving of say Sy for time-distance #y, we get a positive user
benefit, i.e., ¢; > g. For example, UB, is a locus of all points in which a constant
(positive) user benefit accrues as a result of a time savings over each time-distance.
So we now also move from Z; (¢; — g,)1 to Z9; (¢; — &)

Any time savings occurring over varying time distances to the left of X7, (¢ — g1
are not included as a positive user benefit. Related to this threshold is the search and
learning process that an individual might undertake if the potential time saving is
outside the insensitive region, but which he will not undertake otherwise. The
difficult and important issue now is to empirically identify this region.

For illustrative purposes it is hypothesised that the insensitive region contains all
commuters who experience a relationship which indicates that the amount of time
saved is less than or equal to 109, of the trip length; i.e.,

t,—t,

<0l

a

4The threshold notion is implied in E. A. G. Robinson’s book on Monopoly [13], p. 29, where he
is discussing quasi-monopoly: “But in many cases a cut in price is only profitable if it is sufficiently
large to attract the attention of customers normally attached to-a rival firm,” and, in the footnote:
“I have been told that in one case the minimum significant cut is of the order of 10 per cent.”
. 5This criterion appears to avoid the equity problems commonly associated with income-based
criteria. Our data has a reasonably constant mean income difference between trip length groups,
avoiding any interrelationship between income and distance from workplace. Trip length is asso-
ciated with needs, in contrast to the ability to pay.
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Actual Time
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72
A Insensitive Region

& = Threshold of insensitive region at time length 7.
¢; = Time saved at time length i.
v = Value of travel time savings.

Ficure 1

Thresholds and Private Travel Time Savings

Thus, any saving less than or equal to say 4 minutes in a 40 minute trip is of no
value to the individual traveller, since he is perceptually insensitive to this gain. This
region includes 119, of the data set. Thirty-four observations were excluded from
the data set (as representing those individuals within a cell of the matrix who are in
the hypothesised insensitive region) and the valuation model was re-run. The
VTTS for all travellers whose relationship of trip length and amount of time saved
is not within the insensitive region is 63 cents/hour, in contrast to the VT'TS of 57
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cents/hour for all travellers [10]. One would expect an increase, since the VTTS is
lower for individuals within the hypothesised region of insensitivity (e.g., in Table 1,
trip lengths greater than or equal to 50 minutes for a 5 minute time saving)s.

It is also hypothesised that the threshold relationship between trip length and the
amount of time saved is lower when the saving in time is associated with one single
time component of the journey and is viewed in terms of that component only. For
example, if there is a saving in in-vehicle time by car as a result of road improvements,
the impact of this saving is likely to be felt in relation to the in-vehicle trip length
only, rather than in relation to the total door-to-door trip length. Similarly, if the
time saving is partially in waiting time, partially in the transfer time and partially
in the in-vehicle time, then there is a higher probability that the total time saved
will be placed in the insensitivity region, since the individual finds it more difficult
to perceive the saving. These few examples serve to illustrate Jjust how little is known
about the behavioural impact of a change.

While we cannot be sure that the hypothesised region of insensitivity is the most
reliable indicator of the actual region, some confidence may be attached to the
evidence that the VTTS is slightly higher when the insensitive region is taken into
account. For economic evaluation, where resource allocation is the main criterion,
the issue of a region of insensitivity can be ignored, since there is an ultimate saving
in resources from a time saving within an insensitive region even if it is not per-
ceived by the individual user. However, for evaluation of user modal benefits, the
exclusion of the insensitive region is justified, on the grounds that the probability of
using a mode for the journey to work is influenced by the individual’s perception of
the situation facing him.

CONCLUSION

The empirical results outlined in this paper suggest that the behavioural value of
travel time savings is sensitive to variations in the trip length and the amount of time
saved. Additionally, income appears to be a mechanism that changes the absolute
magnitude of a reasonably constant relationship between income and trip length,
rather than the relationship itself. Whereas previous attempts to obtain an under-
standing of the relationship between the value of time savings, trip length, amount
of time saved and income have generally been unsatisfactory, perhaps because they

6While we might expect that the exclusion of smaller time savings would increase the value of time
savings, since these have smaller values (given the pattern in Table 1), there does not appear to be
any previous guidance as to the extent of variation when the hypothesised insensitive region is in-
cluded and excluded. Given that the VTTS of 63 cents/hour is contained within the confidence
limits of the total sample value of time of 57 cents per hour [10], the likely effect on the true be-
havioural response can be assumed to be minimal. However, it is important to obtain some insight
into the likely magnitude of variation rather than simply the direction of variation. Further research
along these lines should consider the variation in VTTS as the ratio representing the hypothesised
insensitive region is increased. The determination of the actual insensitive region is still a matter for
empirical investigation. A study of this particular issue is required. The only known (unsuccessful)
attempt at this was made in 1974 by the Polytechnic of Central London. The study was not completed.
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have relied on models developed primarily to explain mode choice, the valuation
function used in the present paper has produced some interesting results on these
important relationships. The variations are too large to be ignored.
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