INTRODUCING THE EXPENDITURE RATE
IN THE ESTIMATION OF MODE CHOICE
MODELS

By Sergio R. Jara-Diaz* and Juan de Dois Ortizar

1. INTRODUCTION

Discrete choice models are a popular method for analysing and predicting travel
demand. This is partly because they represent the successful marriage of an
explicit economic theory of behaviour with an efficient econometric analysis of
dispersion at the level of the individual traveller. The specification of the models
thus formed occupies a central place in the development of analytic procedures
for forecasting.

Obviously any particular study may be drastically hampered by scarcity of data
and of resources; but it is important to establish how theoretical considerations
influence the construction of a demand function. In this paper we shall be partic-
ularly concerned with the relationship between the specification of the model and
certain behavioural premises, related to the role of income, assumed to underpin
it. We will not consider the wider issue of model structure, as we will take it as
given; neither will we be concerned with functional form, as we will use only
linear utility functions. Here we will deal with the important problem of how to
incorporate a key variable, such as income, in the linear utility expressions.

Section 2 modifies the currently accepted microeconomic approach to the
formation of modal utilities by introducing alternative (and presumably more
realistic) assumptions on the budget constraint. It is later shown that the impact
of the new formulation in terms of modelling results (which are presented in
section 4), that challenge current practice, is significant. As we mentioned above,
the importance of the data may be overwhelming; section 3 describes and analyses
our data base, which has been painfully generated, checked and validated over
some years. Thus we are confident that the results obtained are not just quirks
of the data, as has often happened in the past. Finally, in section 5 we discuss
all these issues at greater length and present our most important findings.
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2. FROM THE WAGE RATE TO THE EXPENDITURE RATE:
THEORETICAL APPROACH

The prevailing approach to understanding the roles of both income and time
within the discrete mode choice framework is based upon the work of Train and
McFadden (1978). They established the microeconomic foundations of the
theory by looking at an individual who chooses between leisure (L) and goods
consumed (G). The trade-off appears when the link between G and income is
formulated: income depends upon the number of hours worked, W. Thus, in-
creasing W allows G to increase, diminishing L. Formally the problem is formul-
ated as follows:

Max U(G,L) (D
subject to
G+ Ci = wW
W+L+¢=T, ieM
where

U is the individual utility function,

w is the real wage rate (the amount the individual is paid per hour),
¢; and ¢; are respectively the money and time spent per trip,

M is the set of modes available,

T is the reference period (hours).

The unknowns are G, L and W.

The problem is stated in two steps: the first conditional on ¢; and ¢;, the second
unconditional.

Max [Max U WW — ¢;, T-W—t;)] 2)
ieM W
The solution to the inner problem yields W*(c;, t;). Then U; = U[W*(c;, t;)] is
a conditional indirect utility function, the level of which depends upon the
chosen mode. The second (outer) problem is solved by finding the maximum of
U; with ieM; that is, a discrete optimisation which requires comparison of U; and
U; V¥,,; eM. The mode chosen will be that in which cost and time yield the highest
value of U;.
If U in problem (1) is given the (fairly general) Cobb-Douglas form KG'—BL8,
the procedure outlined yields

Ui =K(1 — )~ PR [w! ~A(T—1;) —wFey]. (3)

Finding the maximum of U; with ieM can be easily shown to be equivalent to
finding the maximum of —c;/w—¢; among other possibilities. This is the found-
ation of the widely used cost/wage rate variable in the specification of modal
utility in disaggregate models, which has degenerated into cost/income (see for
example Swait and Ben-Akiva, 1987). .

The possibility of adapting working hours to attain the desired level of income
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plays a key role in the theory presented. In other words, an endogenously deter-
mined W and an exogenously given w makes income endogenous. Since most
individuals cannot do this, we turn to the analysis in which income (/) and
working hours are fixed (Jara-Diaz and Farah, 1987). When this happens and U is
assumed Cobb-Douglas, problem (2) reduces simply to

Max [U, = K(I— C,‘)l _B(T—W—t,)ﬁ]
ieM
Since direct comparison between U; and U; is not very helpful, we can expand

U(G,L) around (I, T—W) to the first order, which yields (Jara-Diaz and Videla,
1987)

4)

' T—W\P? I \'-*

Uy = KU~ (T W) ~(1—6)(—I-) c; ~B(—W) o (5)

The maximum U; can be shown to depend upon the value of —c;/g — [B/I(1-B)]¢;

only!, where g is an expenditure rate defined in general by I/(T—W). The name

comes from g being the purchasing power per unit of time available to spend it.

Both forms of viewing the relevant parts of utility, based upon equations (3)

and (5) respectively, have been derived under a deterministic approach. Allow-

ance for uncertainty yields randomly distributed modal utilities V; which can be
expressed either as

Vi = Vici/w,t,, others) +¢; (6)
or as
Vi= Vi (ci/g 1y, others) +e/ 7

Stochastic terms €; or €; identically and independently Weibull distributed yield
Logit mode choice models, and these will be used in the next section to compare
and analyse the two specifications presented here, so similar and yet so different.

Finally, it is worth stressing that the presence, in the specification of the
relevant part of modal utility, of an income variable reflecting purchasing power,
indicates that the marginal utility of income varies with income. This means that
the choice of mode resulting from the comparison of modal utilities is dependent
upon income. This phenomenon is the discrete choice counterpart of the income
effect (Jara-Diaz and Videla, 1988). Whether this effect is strong or weak is, of
course, a matter of empirical scrutiny through model estimation using this
specification.

3. EMPIRICAL DATA AVAILABLE

To estimate and compare models with wage rate (6) and expenditure rate (7)
specifications, we have available two data sets on personal mode choice for AM
peak journey-to-work trips. The information was collected in both cases by means
of workplace interviews (see Ortuzar et al., 1983). The first set, which was

1 This is not the only form to express the rélevant part of U;. See Jara-Diaz and Videla (1987).
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TABLE 1

Frequency of Choice in Both Corridors

Alternative Las Condes San Miguel Total Sample
Car driver 17.93 7.83 12.95
Car passenger 5.88 4.28 5.09
Shared taxi 6.60 2.22 4.43
Metro 17.79 27.33 22.50
Bus 15.49 49.03 32.02
Park ’n’ ride 16.07 0.89 8.59
Kiss ’n’ ride 5.60 1.33 3.50
Shared taxi Metro 3.59 6.20 4.88
Bus Metro - 11.05 0.89 6.04

gathered in 1983, considered 697 individuals living in the Las Condes—CBD
corridor (to the richest East End of the city and following Line 1 of the under-
ground Metro); the second, which was collected in 1985, considered 677
individuals living in the San Miguel—-CBD corridor (to the middle/low income
South of the city and following line 2 of the Metro).

Apart from information about each individual’s chosen alternative and choice
set, the data include socioeconomic information about the individual and his
household (including personal and family income) and measured level-of-service
data (such as travel times and costs) for each alternative (see Ortuzar and Ivelic,
1987, for details).

Some of the models we will discuss later consider pooling both data sets and
stratifying by income. To pool the data it was necessary to update the Las
Condes—CBD monetary values to 1985 Chilean $; the factors used were 1.6 for
modal costs (the variation of the consumer price index between July 1983 and
July 1985) and 1.49 for personal and family income (the variation of the income
growth index in the same period).?

Table 1 presents the frequency of choice of each alternative in both corridors
and for the pooled sample. As can be seen, there are significant variations; in spite
of a clear preference for car, Metro and car driver-Metro (P&R), modal split is in
general more balanced in the first corridor than in the second, where there is a
marked preference for public transport (especially bus and Metro).

As was shown in section 2, income plays an important role in the specification
of mode choice models. At this stage it is worth recalling that the wage rate is

2 We believe this procedure allows us to reflect the relative purchasing power of income; but.
note that the two factors are nearly equal.
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FIGURE 1

Income Distribution in Each Corridor

naturally related to individual income, as it reflects the amount of money the
passenger does not earn per extra minute travelled. On the other hand, the expen-
diture rate is associated with purchasing power (that is, how much can be spent),
and this is naturally related to family income; no doubt it is also affected by
family size.

An analysis of income is particularly justified in our case because of the import-
ant differences detected between the two corridors (the mean family income of
Las Condes is 2.47 times higher than that of San Miguel — see Figure 1). We will
concentrate on family income, for the reason mentioned above.

Table 2 presents the distribution of this variable by household decile in both
-corridors (all the figures are in Chilean $ of 1985); as can be seen, the distributions
are quite different. In the San Miguel corridor 67 per cent of the observations are
in the range 20,000 to 80,000 Ch$. The eastern corridor, on the other hand, has
many observations in the high income ranges: 50 per cent of the households have
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TABLE 2

Distribution of Family Income (FI) by Household Decile

Las Condes San Miguel

Decile Sample size Mean FI Sample size Mean FI
1 70 47,569 68 16,705
2 70 78,119 68 27,391
3 70 94,604 68 35,809
4 70 113,634 68 44,074
5 70 134,568 68 51,545
6 70 153,087 68 61,735
7 70 184,632 68 74,790
8 69 218,836 67 86,339
9 69 268,394 67 107,851
10 69 394,418 67 177,866

family incomes between 80,000 and 180,000 Ch$, and 41 cases have family
incomes over 300,000 Ch$ (in contrast, in the San Miguel corridor there are only
five observations in this range). However, in the lower income ranges the situation
is different; for example, under Ch$ 40,000 there are only 22 observations in the
Las Condes corridor as opposed to 191 (28 per cent of the subsample) in the San
Miguel corridor (see also Figure 1).

As we saw in section 2, the hours worked in a reference period (W) also play a
relevant role in the expenditure rate specification. This information was reported
on a per-week basis and, therefore requires a conversion to appropriate units, as
described below. Table 3 presents the distribution of W in both corridors.

The average value for San Miguel (46.49) is higher than that for Las Condes
(45.37); however, both averages are lower than the mode, which worked out at
48 hours in both samples. It might be interesting also to mention that the notion
of a majority of the population working a fixed number of hours (and having a
fixed salary) is supported by the data, as W does not seem to be related to income
within the same income strata; notable exceptions are the highest range in Las
Condes and the lowest one in San Miguel (see Parra, 1988).

Though we will not present data on car ownership here, it might be interesting
also to mention that it too shows obviously important differences between the
two corridors. For example, almost half the San Miguel observations lack a car in
the household, where for the Las Condes sample the corresponding figure is only
13 per cent (Ortuzar and Espinosa, 1986).
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TABLE 3

Distribution of Hours Worked per Week

Value or Range Las Condes San Miguel
W< 44 19.66 16.99
W= 44 28.12 17.28
44 < W< 48 11.05 21.27
W= 48 29.27 26.74
W > 48 11.91 17.73
TABLE 4

Frequency of Choice by Family Income Strata

Alternative High Income Middle Income Low Income
Car driver . 22.59 12.96 3.30
Car passenger 7.24 5.83 2.20
. Shared taxi 4.82 5.83 2.64
Metro 19.52 23.11 24.84
Bus 9.21 28.94 58.02
Park ’n’ ride 20.18 4.54 1.10
Kiss ’n’ ride 5.26 4.54 0.66
Shared taxi Metro 3.95 5.18 5.49
Bus Metro 7.24 9.07 1.76
Sample size 456 463 455

Finally, Table 4 shows equivalent figures to those of Table 1 for three family
income strata defined on the pooled data. As can be seen, the figures show now
important differences. Perhaps one of the most interesting aspects is that P&R
and K&R have almost no representation in the lowest income stratum. In section
4 we will see that better models are obtained for this group if the eight observ-
ations choosing these two options are dropped.
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4. MODEL FORMULATION, ESTIMATION AND RESULTS

For all our experiments we will use the multinomial logit model (Domencich and
McFadden, 1975). The probability of individual q choosing mode i is given by

Pig = exp(V;4)/Zexp(Vjq) (8)
j
with linear in the parameters utility functions such as:
Vig =Z 0iZikq 9)

where 0;; are estimated by maximum likelihood from data on observed choices
and measured values for the socioeconomic and level-of-service variables Zikq-

4.1 Description of the variables

In section 2 we saw that the variables to consider depend on the hypotheses made
about the specification of the utility functions. In this sense the traditional
approach (Train and McFadden, 1978) includes modal costs divided by the
individual wage rate (w). In applied work w has been approximated often by I/W,
and we will take I here as the net individual income (NII) already transformed to
Ch$ per minute (see Ortuzar and Espinosa, 1986).

For testing the new approach it becomes necessary to define precisely the
expenditure rate g = I/(T—W), which also divides modal costs; in this paper we
will use the following expression:

g = k(FI or PCFI)/(168 — W) (10)

where PCFI stands for per capita family income (Ch$/week), k is a constant
which allows us to express g in Ch$/min, and 168 is the number of hours in a
week. As can be seen, one fundamental difference between the two rates is that g
increases with W, while the opposite is true for w.

Table 5 describes the variables used in the empirical testing of the two specific-
ations. We will consider not only socioeconomic and level-of-service variables,
but mode specific constants, which serve two purposes: they capture behaviour
unaccounted for by the rest of the variables, and allow the models to reproduce
in aggregate the market shares of each alternative (see Ortuzar, 1982). It has to be
remembered that the cost/g variables may be formed by defining g with either
family income or per capita family income.

4.2 Empirical results

Table 6 briefly describes the main statistical measures we will use for assessing and
comparing model goodness of fit. Models are also evaluated on the basis of
internal consistency and logic by checking whether the signs of their parameters
are intuitively correct; and checks are made for parsimony on variable significance
by means of a Normal approximation to the usual linear regression f-test (for
details see Ortlzar, 1982).

Tables 7 and 8 present the results of our modelling exercise for each corridor
sample. We have not included the values of the mode specific constants, but it is
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TABLE 5

Explanatory Variables Used in the Modelling

Variable Description

1. TIME . In vehicle travel time (min)

2. WALK : Walking time (min)

3. WAIT . Waiting time (min)

4. COST/w : Travel cost (Ch$) divided by the wage rate (Ch$/min)

5. COST/g : Travel cost (Ch$) divided by the expenditure rate (Ch$/min)

6. COMP : Car competition, defined as the number of cars divided by the number of
driving licences in the household, with a ceiling of one.

7. SEX : Dummy variable which takes on the value of 1 for males and 0 for females.

TABLE 6

Statistical Tests and Measures for Model Estimation

Measure Description

KO) Log-likelihood of the constants only model

1(6) Log-likelihood at convergence (maximum)

LR(O) Log-likelihood ratio with respect to the constants only model = —2[1(C) — I(0)];

it is distributed Chi squared with K — C degrees of freedom (K is the total number
of parameters and C those which are mode specific constants)
Rho squared index = 1 — I(6)/1(C)

worth noting that they account for an important increase in likelihood with
respect to the equiprobable model (§ = 0). As can be seen, all models are reason-
able for the Las Condes corridor, but the best is clearly the expenditure rate
model with per capita family income (PCFI), followed by the same specification
calculated on family income (FT); the wage rate model is a clear third, though all
its statistical tests are passed with flying colours.

For the San Miguel—-CBD models of Table 8 the situation is somewhat different.
Firstly, the models are not as good, both because of inferior global measures of fit
and because an important policy variable (TIME) is not significant at the 95 per
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TABLE 7

Results for the Las Condes—CBD Corridor

Variable Coefficients (t-ratios) .
(Option entered)
NII FI PCFI
TIME (1-9) —0.083 —0.083 —0.085
(—4.76) (—4.75) (—4.85)
WALK (1-9) -0.161 —0.161 —-0.162
(—8.35) (—8.36) (—8.40)
WAIT (3-9) -0.235 —0.248 —0.244
(-2.02) (=2.12) (—2.09)
COST/w (1-9) —0.023 — —
(—2.83)
COST/g (1-9) - —0.020 —0.006
(—3.56) (—4.06)
COMP (1,6) 2.333 2.355 2.237
(5.54) (5.59) (5.29)
SEX (2,3,7) —0.316 —-0.319 —-0.311
(—1.47)3 (—1.49)2 (—1.45)2
1(0) —1027.9 —-1027.9 —1027.9
1(0) b -951.9 —946.3 —943.9
LR(O) (d.f) 152.0(6) 163.3(6) 168.1(6)
p? 0.074 0.079 0.082
Sample size 697 697 697

a

b Not significant at the 95% level (the critical value is 1.96).

The critical value for 6 degrees of freedom at the 5% level is 12.6, so we reject the null

hypothesis that the constants only model is a reasonable approximation.

cent level. Secondly, though the PCFT specification is again the best, the next best
is now the wage rate function, and the clear third this time the FI model. It is
interesting to mention at this stage that Ortuzar and Espinosa (1986) found, for
the complete pooled sample, that wage rate models with w defined on the basis
of PCFI were preferable statistically to wage rate models based as usual on NII. As
defining w on PCFJ lacks a behavioural underpinning, this may be interpreted as a
first step towards models using g We will discuss that issue further in section 5.

Tables 9, 10 and 11 present our results for the pooled data stratified by family
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TABLE 8

Results for the San Miguel—CBD Corridor

Variable Coefficients (t-ratios)
{option entered)
NIT FI PCFI
TIME (1-9) —0.052 —0.045 ~0.049.
(-1.76)2 (—1.55) (—1.66)
WALK (1-9) —0.063 —0.065 —0.069
(—3.69) (=3.77) (—3.98)
WAIT (3—9) -0.263 -0.271 —0.266
(—3.78) (—3.87) (—=3.78)
COST/w (1-9) —0.034 - -
(=3.73)
COST/g (1-9) — —0.016 —0.005
(—3.16) (-4.12)
COMP (1,6) 1.655 1.802 1.659
(2.63) (2.87) (2.63)
SEX (2,3,7) ~1.473 —1.448 —1.447
(—4.41) (—4.35) (—4.34)
(C) —597.8 -597.8 —597.8
() ' —562.1 —564.5 ~560.2
LR(C) (d.£)P 71.4(6) 66.6(6) 75.3(6)
0? 0.060 0.056 0.063
Sample size 677 6717 677

3 Not significant at the 95% level (the critical value is 1.96).
b The critical value for 6 degrees of freedom at the 5% level is 12.6, so we reject the null
hypothesis that the constants only model is a reasonable approximation.

income (recall Table 4). For the highest income stratum all models are extremely
good. This is interesting, as it is for individuals in that stratum (who resemble
more closely people in industrialised countries) that the wage rate specification
should have its best chance (see the comment at the end of section 2).

Table 10 shows the models for the middle income stratum. Again all models
are very good, but the clear best is the PCFI expenditure rate specification; it is
interesting that the wage rate function comes slightly on top of the FI specific-
ation.
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TABLE 9

Results for the High Income Stratum (FI > Ch$ 130,000)

Variable Coefficients (t-ratios)
(option entered)
NIT FI PCFI
TIME (1-9) —0.092 -0.062 —0.093
(—4.05) . (-3.76) (—4.07)
WALK (1-9) -0.184 —-0.129 —0.184
(=7.79) (=7.11) (-7.83)
WAIT (3-9) —0.364 —-0.260 —0.375
(=2.75) (-2.81) (-2.81)
COST/w (1-9) —-0.019 - —
(—1.94)2
COST/g (1-9) — —0.033 —0.006
. (—3.15) (—4.02)
COMP (1,6) 2.748 2.613 2.640
(5.26) (5.38) (5.03)
SEX (2,3,7) —0.791 —0.505 —0.844
(—2.81) (—2.43) (-3.00)
(O) ) —657.3 —657.3 —657.3
1(0) —585.2 —583.2 —583.7
LR(CO) (d.f.)b 144.3(6) 148.3(6) 147.2(6)
p? 0.110 0.113 0.112
Sample size 456 456 456

2 Not significant at the 95% level (the critical value is 1.96).
The critical value for 6 degrees of freedom at the 5% level is 12.6, so we reject the null
hypothesis that the constants only model is a reasonable approximation.

Finally, the models for the lowest income stratum in Table 11 are somewhat
different, as two modes (P&R and K&R) and one variable (COMP) had to be
dropped. Even then the models are clearly the worst of the lot, but the best
expenditure rate specification is again obviously the PCFI. An interesting differ-
ence from the rest of the tables is that here the PCFI model is the only one that
rejects the hypothesis that WALK is not perceived as more inconvenient than
TIME (their coefficients are equal in- the first two models, and they have a
marginal utility interpretation).
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TABLE 10

Results for the Middle Income Stratum

Variable Coefficients (t-ratios)
(option entered) -
NIT FI PCFI
TIME (1-9) —0.054 —0.054 —0.055
(-2.81) (=2.91) (=2.94)
WALK (1-9) —-0.104 —0.106 —-0.110
(—4.85) (—4.95) (=5.06)
WAIT (3—9) -0.278 —-0.275 —~0.285
(—3.09) (—3.06) (-3.15)
COST/w (1-9) —0.024 - -
(=2.50)
COST/g (1-9) - —0.014 —0.006
(—2.06) (-3.28)
COMP (1,6) 2.139 2.224 2.072
(3.76) (3.93) (3.63)
SEX (2,3,7) —0.449 —0.465 —0.464
(~1.64)3 (-1.70)2 (-1.70)2
1(C) . —630.7 —630.7 —630.7
(0 —-590.3 —-591.5 —~587.6
LR(C) (d.£.)° 80.9(6) 78.5(6) 86.2(6)
p? 0.064 0.062 0.068
Sample size 463 463 463

{a) Not significant at the 95% level (the critical value is 1.96).
The critical value for 6 degrees of freedom at the 5% level is 12.6, so we reject the null
hypothesis that the constants only model is a reasonable approximation.

5. DISCUSSION AND CONCLUSIONS

That the expenditure rate models are statistically better than their wage rate
counterparts for all segments analysed (spatial and in respect of income) is not
the only important result from our experiments. We discuss here the roles of w
and g, the relative performance of the c;/w models, the interpretation of the two
models with different measures of g, and the relation of our findings with the
income effect and the marginal utility of income.
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TABLE 11

Results for the Low Income Stratum (FI < Ch$ 65,000)

Variable Coefficients (t-ratios)
(option entered)
NIT FI PCFI
TIME (1-9) -0.053 —0.052 —0.049
(-1.82)3 (-1.77)3 (-1.67)%
WALK (1-9) —0.053 —0.053 —0.060
(=2.57) (—2.58) (—2.86)
WAIT (3-9) -0.234 —0.244 —0.245
(—2.86) (—2.98) (—2.96)
COST/w (1-9) —-0.037 — -
(=2.77) _
COST/g (1-9) — -0.015 —0.006
(-2.21) (-3.32)
SEX (2,3,7) —1.378 -1.312 —1.232
(=2.57) (—2.43) (—2.28)
1C) -317.1 -317.1 —-317.1
1(6) b -299.2 -300.8 —-297.0
LR(C) (d.f.) 35.7(5) 32.5(5) 40.1(5)
0? 0.056 0.051 0.063
Sample size 447 447 447

2 Not significant at the 95% level (the critical value is 1.96).
The critical value for 5 degrees of freedom at the 5% level is 11.1, so we reject the null
hypothesis that the constants only model is a reasonable approximation.

As stated before, w and g, although similarly quantified, are essentially differ-
ent concepts which induce different interpretations in the context of mode
choice. The wage rate w becomes important in the Train and McFadden (1978)
framework because working hours W is variable, being explicitly controlled by
the individual. Thus, saving a minute of travel time implies the possibility of
working a minute more; since decisions are made at the margin, an additional
minute of leisure is equally valuable. On the other hand, what is important in g
is the (given) purchasing power represented by income I and the available time
T—W; here, the choice of a mode (that is, the choice of ¢; and ¢;) implies “using”
part of I and part of 7—W. A minute saved on travelling is a minute earned on
leisure, and is equivalent to decreasing W (which is not possible). Given this
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difference, it should be no surprise that the expenditure rate model with per
capita family income PCFI is systematically the best in performance, since pur-
chasing power is indeed influenced by the number of persons in the family. It is
only in the rich corridor or in the high income stratum that family income FI
performs nearly as well; that very fact is another reflection of the same phenom-
enon, since the effect of family size on purchasing power diminishes as total
income increases (family income performs worst in the low income level).

The wage rate models are inferior, but they do not really perform badly (if
there were no alternative specification the modeller would be quite satisfied with
them). We believe this is due to the form in which w is approximated, using the
net individual income NII. Assume that W is not under the control of the individ-
ual, and that NIT is given. Then, though NII/W will give a value, it cannot be
interpreted as a wage rate in the Train and McFadden (1978) sense. Nevertheless,
since W moves within a reduced range and NII is correlated with purchasing
power, there is no reason whatsoever for that model to have a bad performance;
but the logic is that of the expenditure rate. Thus the results reported by Ortizar
and Espinosa (1986) are perfectly explainable, since they improved models for
Santiago by replacing NII by PCFI; PCFI/W has of course nothing to do with w,
but is a step towards the expenditure rate approach.3

As stated above, an income variable reflecting purchasing power, properly
introduced in the specification of modal utility, is related to the presence of an
income effect in mode choice. This has been shown to be true in the San Miguel
corridor (Jara-Diaz and Videla, 1988). At the same time as shown by Jara-Diaz
and Farah (1986), the proportion of income spent on mandatory trips in Santiago
is over 17 per cent for at least 30 per cent of the population; as is known, this is
also evidence of the presence of an income effect. What is interesting, though, is
that the expenditure rate models also dominate in the high income segments;
this seems to indicate that the logic behind the fixed income model not only
accounts for the eventual income effects, but captures better the underlying
form of choice for the whole population. This certainly has additional implic-
ations for the valuation of users’ benefits, which should be calculated in a sub-
stantially different way (Hicksian measures) when the income variable is
identified as such and not as a proxy for other variables (Jara-Diaz and Videla,
1987).

Finally, it is worth stressing that we have concentrated only on one fairly
important aspect in the specification of mode choice models, namely, variable
treatment. Other aspects too can be improved, such as structure (Ortlzar and
Ivelic, 1987) and functional form (Gaudry et al., 1988). Therefore, ours can be
interpreted as a ceteris paribus improvement which can be carried further by
introducing some additional flexibility in model specification.

Date of receipt of final typescript: September 1988

3 In fact, one of the authors of this article suggested that procedure to the other. The collabor-
ative work presented here was born with that suggestion.
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