UNCERTAINTY, CONTINUOUS MODAL
SPLIT, AND THE VALUE OF
TRAVEL TIME IN ISRAEL

By Eliahu Menashe and Joel M. Guttman*

The literature of transport economics includes a large number of “modal split”
models, one purpose of which is to estimate the value of travel time. In nearly all
these models (1) the travellers are implicitly assumed to know, with certainty, the
characteristics of the alternatives facing them, and (2) the choice open to the
traveller is binary or multinomial, but not a continuous variable. The present
paper reports the estimation of a modal split model which takes account of the
uncertainty inherent in the journey to work, and which examines a continuously
variable modal split by the individual traveller.

The importance of uncertainty in modal split modelling has been stressed by
Guttman (1975, 1979). Briefly, uncertainty on the part of travellers regarding
the characteristics of their options leads them (if they are averse to risk) to choose
the more “certain” mode, other things being equal. Though uncertainty cannot be
directly measured, one can hypothesise that it depends on a number of observable
variables. These variables, then, should be included in a modal split model in order
to avoid biases in estimation, as well as to facilitate the application of estimates
to populations other than the population sampled.

The continuously variable nature of modal split has been virtually ignored in
most previous models. Travellers may not choose the same mode every day; if
they do not, and if modal split surveys happen to encounter them on “atypical”
days, their observed choices may seem difficult to explain. Particularly in the
choice between automobile and bus travel, the choice of a traveller on a given day
may depend on several factors, such as whether his car is in service and whether
another family member wants to use it. It then becomes relevant to ask what
percentage of trips the traveller makes by each mode, and to use this percentage
as the dependent variable in a modal split equation.

As has been indicated, the present paper presents estimates of a modal split
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model which takes account of the traveller’s uncertainty and of the continuous
nature of the car-bus modal split. These estimates are presented after a brief
discussion of the analytical framework for estimating the value of time and an
explanation of our data source.

ANALYTICAL FRAMEWORK

In the usual formulation of the modal split model, the choice of a commuter
between two modes is hypothesised to depend on the full cost difference between
the two modes. This is assumed to depend on the money cost differential between
the two modes and on the difference in travel times. Let

AM = the difference in money cost between the two modes,
AT = the difference in travel time, and
w, = the traveller’s value of time savings.

Then (AM + w,AT) is the full cost differential. (Note that AM and AT are both
defined in terms of “mode 1” minus “mode 2, where mode 1 is the faster but
monetarily more expensive mode.) When this differential is negative, mode 1 will
be chosen; when it is positive, mode 2 will be chosen.

In practice, the variables AM and AT are not directly observable, because
objective measurements do not necessarily provide the AM and AT perceived by
the traveller (either because of measurement error or because of errors in his
perception), and the perceived values of these variables are what actually deter-
mine the traveller’s modal choice (see Guttman, 1975). The traveller’s reported
values of these variables also do not reflect exactly what he perceived these
variables to be, for at least two reasons: (a) the reported values will be average
values over time, and the values perceived on a given day may vary around these
values (the traveller’s car may be working poorly, road conditions may be bad,
etc.), and (b) people may have a tendency to “justify” their choices ex post.

For these reasons, there will be a “random” element in the modal split
equation, regardless of whether “reported” or “objective” data are used. Let P(C)
be the probability that the traveller chooses to travel to work by car (mode 1 in
the above definitions) rather than by bus (mode 2). Then

P(C)=f(AM +w,AT),
with £ '(AM + w,AT) <O0. This function can be assumed to have the logistic form
log {P(C)/[1 — P(O)1} = L(C) = g(AM + w,AT).
This, in turn, is assumed to be linear in AM and AT
L(CO)=ay —a;(AM + w,AT),

with a; hypothesised to be positive. The value of time w, can then be estimated
by regressing L(C) on AM and on AT:

L(C)=ay —a;AM — a, AT, (1)
with both a; and a, hypothesised to be positive, and

W, = a,/a,.
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The traveller’s income is usually also included as an explanatory variable which
affects not only his value of time (since income is positively correlated with the
wage-rate), but also his demand for the characteristics of automobile travel
(privacy, greater comfort, etc.) as opposed to those of public transport. By
including income I as a separate explanatory variable, the estimated ratio a,/a,
becomes the estimated average value of time in the sample. Thus the conventional
modal split equation becomes

L(C)=ag — a1 AM — a, AT + a3l +u, ah

where u is a random disturbance and the coefficients a; through a5 are expected
to be positive.

The model expressed by (1 ') assumes that travellers are certain about their
perceived AM and AT. But as one of us has argued elsewhere (Guttman, 1975,
1979), the real-world traveller is usually uncertain, particularly about AT. This
uncertainty carries with it a price, if the worker is penalised for arriving late at
work. (Because our sample focusses on journeys to work, we speak here of
penalties for arriving late at work. But the general point regarding penalties for
lateness applies in other contexts as well.) To the extent that the commuter
values certainty, he will choose (other things being equal) the mode which has
the smallest variance in travel time (the money cost variable being relatively
certain for both modes). In the Israeli context, at least, this mode is undoubtedly
automobile travel.

One variable which is correlated with the differential in certainty between the
two modes, and which also bears on the comfort differential between the modes,
is the year of manufacture of the automobile. More recent car models will be in
better working condition and thus will be more dependable, relative to bus travel.
We thus include the car model MO as an explanatory variable in our model.

A second variable which will affect the mode choice of the traveller who is
uncertain about AT is the degree to which he will be penalised if he arrives late
at work. If work hours were flexible, the traveller’s aversion to uncertain modes
of travel would be greatly lessened. We therefore included as part of our survey
a question on the degree of stringency regarding lateness in arriving at work. This
variable (LA), which takes three values (no stringency, slight stringency, and
great stringency), is also included as an explanatory variable in the modal split
equation.

MO and LA can most simply be included in the model as separate explanatory
variables, in the same manner as we introduced I above. We then arrive at the
following model:

L(C)=a0 —alAM—azAT+a3I+a4M0+a5LA+u, (2)

where the parameters a; through a5 are expected to be positive.

One amendment is required to these specifications before we present the
empirical results: when there are two or more commuters in the automobile, the
value of the time savings between automobile and bus travel is multiplied by the
number of travellers. Thus, if A is the number of adults in the automobile, we
multiply 4 by AT wherever the latter term appears in order to arrive at the value
of time savings per adult.
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THE DATA SOURCE

Our data source is a survey we conducted in the greater Tel-Aviv area in October
1982. The overall sample consists of about 100 observations of commuters; of
these, 75 observations were found usable in this study. The respondents were on
their way to work, and were interviewed while waiting at bus stops or leaving
their cars at their work destinations. Before proceeding to ask the various
questions contained in the questionnaire, we first asked the respondents whether
they possessed a private motor vehicle. Only if this question was answered in the
affirmative were the remaining questions asked (see Menashe, 1984, for a
complete description of the questionnaire and a tabulation of the data). In all
the observations used here, the percentage of trips the commuter made by car
varied from 5 to 90 per cent (varying in steps of 5 per cent); thus no problems
were encountered in making the logistic transformation specified in the preceding
section. Table 1 presents the definitions of the variables used in our work, their
units, means, and standard deviations.

EMPIRICAL RESULTS

Table 2 presents the results. Regression 1 presents the standard modal split
equation, which does not take account of the uncertainty of travellers in their
modal split decisions. In regression 2, MO and LA are included, as in equation
(2). In regression 3, these two variables are ‘“broken down” into vectors of
dummy variables, according to the following specification:

If MO = 2, then D; = 1; otherwise D; = 0;
if MO = 3, then D, = 1; otherwise D, = 0;
if MO = 4, then D; = 1; otherwise D; = 0;
if LA = 2, then D, = 1; otherwise D; = 0;
if LA = 3, then Ds; = 1; otherwise D; = 0.

In regression 4, D, through Dy are replaced by two dummy variables, Z, and Z,y,
which are simply the sums of D, through D; and of D, and Djs, respectively.

In regression 1, we find that the coefficients of all three explanatory variables
have the expected signs, and all are statistically significant. In regression 2, we
find that the two variables introduced to test our hypothesis regarding the un-
certainty of commuters are also statistically significant, and also perform as
expected. Greater stringency regarding late arrival and a more recent car model
increase the likelihood of the commuter’s travelling by car. When we compare
the R? of the two regressions, we find a significant increase from regression 1 to
regression 2 — from 0.334 to 0.486. We also note that the introduction of these
two variables has relatively little effect on the coefficients of the traditional
modal split variables, AA T, AM and I (The greatest effect is to cause the co-
efficient on AAT to fall from 0.089 to 0.054.)

While regression 2 provides evidence of the importance of uncertainty in
modal choice, it should be regarded as only a first approximation to the “true”
model, because it assumes that the marginal effect of an increase in, for example,
MO from (say) 1 to 2 is the same as the effect of an increase in this variable from
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TABLE 1

Definitions, Units, Means and Standard Deviations of the Variables

Symbol Definition Units Mean Standard
Deviation
P(C) Proportion of trips 0.621 0.309
respondent made
by car
AM Money-cost I.L. 65.2 59.9
difference
AAT Time-cost minutes- adults —18.3 6.99
difference x adults
I Family income 10,000—14,999 = 1 2.75 0.807
(I.L./month) 15,000—19,999 = 2
20,000—24,999 = 3
25,000—-29,999 = 4
> 30,000 =35
MO Car model < 1970 =1 2.53 0.759
1971-1975 = 2
1976—1980 =3
> 1981 = 4
LA Stringency about No stringency =1 1.87 0.622
late arrivals Little stringency = 2
Much stringency = 3

2 to 3. In regression 3, this assumption is relaxed by the introduction of dummy
variables for the various levels of LA and MO. The result is that there does not
seem to be any significant difference between LA = 2 and LA = 3, and similarly,
between MO = 2, 3, and 4. We therefore combine the dummy variables D;, D,
and Dj, and similarly we combine D, and D;, thus obtaining two dummy vari-
ables Z, and Z,. Z,, which is the sum of D,, D, and D;, represents all car
models dating from 1971; Z, similarly represents all respondents for whom
there was some stringency in arriving late at work. The resulting regression 4
predicts the variation in modal split better than regression 2, and only slightly
worse than regression 3 (because of the reduction in the number of explanatory
variables). On calculating the adjusted R?s, we find that the R? of equation 3 is
0.502, while that of equation 4 is 0.501. Thus there is no significant loss in
goodness of fit when one combines the dummy variables D, through Ds into the
dummy variables Z, and Z,, while the simplicity of the model is greatly
enhanced.
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TABLE 2

Continuous Modal Split Regressions

(1) (2) (3) (4)
AM ~0.0113 —0.00874 —0.00869 —0.00925
(—4.00)** (=3.37)** (=3.47)%* (=3.74)**
AMT —0.0883 ~0.0539 —0.0651 ~0.0771
(~3.65)** (—2.34)** (—2.89)** (=3.72)**
I 0.580 0.499 0.492 0.491
(2.80)** (2.62)** (2.68)** (2.75)**
MO - 0.843 - -
(4.12)%*
LA - 0.604 - -
(2.33)*
D, - - 2.63 -
(4.42)**
D, - - 3.03 -
(5.09)**
Ds - - 3.46 -
(4.79)**
Ds - - 0.606 -
(1.77)*
Ds - - 0.817 -
(1.54)
Z, - - - 2.90
(5.10)**
Z, - - - 0.569
(1.70)*
Constant ~1.99 -4.57 —4.67 ~4.80
R? 0.334 0.486 0.556 0.535

N = 75. T-statistics in parentheses.
* Significant at the 0.05 level.
** Qignificant at the 0.01 level.
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We therefore regard regression 4 as our best source for an estimate of the value
of time. This regression leads to an estimate of the value of time of 50 (old)
shekels per hour (in October 1982). If we use the average net income of the
sample and the average ratio of the family head’s income to family income for
Israel (0.69 for this period), we find that this value of time is approximately 59
per cent of the family head’s hourly net wage.

CONCLUDING REMARKS

The results presented here suggest that uncertainty is an empirically important
element in the commuter’s decision on modal choice, and should be taken into
account in modal split modelling. We have also found that the concept of a
continuously variable modal split leads to reasonable, statistically significant
parameter estimates and R? values higher than those usually obtained in binomial
or multinomial modal split equations, and it does not require so large a sample.
This is presumably because the dependent variable is a long-run or average vari-
able, reflecting the commuter’s behaviour more accurately than a single
observation of a perhaps atypical modal choice.
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