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Abstract — The microeconomic foundations of mode choice models postulate modal utilities which
are additive in income; this actually makes choice independent of this variable. On the other
hand, it has been argued that income is correlated with variables that reflect taste and therefore,
has a place in the utility specification as a proxi for taste. In this paper we propose a framework
based on a generalization of our expenditure rate approach in order to explore the presumptive
relation between income and taste empirically. We use data from Santiago, Chile, and the results
suggest that the use of income may not be adequate to identify taste differences.

INTRODUCTION

Microeconomic analysis of consumer behavior is based on the presumption that individu-
als make choices which reflect their preferences among alternatives. Within this frame-
work, the concept of direct utility (U) is used to represent the preferences for different
levels and mixes of consumption; it does not depend on either prices or income. Observed
behavior, however, reveals these preferences under a constraint, namely that total expen-
diture is limited by available income. Combining direct utility and the income constraint
leads to the derivation of the indirect utility function (V) which takes account of prefer-
ences, prices, and income.

Discrete mode choice models require the estimation of parameters which belong to
indirect utility functions. Thus, they intend to capture the influence of taste, through
those parameters that help representing a system of preferences in U, and the influence
of prices, income, and modal characteristics (that are one of the particular features of
the discrete choice approach). The so-called socio-economic characteristics are usually
introduced to account for differences within the population (e.g. age, sex, activity, etc.).
After McFadden (1981), the assumptions behind his AIRUM (additive in income random
utility model) structure have been implicitly or explicitly adopted by practitioners in
mode choice modelling; this structure “yields choice probabilities that are independent of
current income. However, tastes . . . may depend on individual characteristics that are
correlates of current income such as historical wage rates, income levels, or occupation.
Then these variables may enter the probabilistic choice system” (McFadden, 1981, p.
210). In other words, under these assumptions income is not purchasing power, but a
surrogate for taste. Following this approach, the literature is absolutely dominated by
income dependent specifications that have been discussed elsewhere. Some of them in-
clude a cost/income variable after Train and McFadden (1978); however, in that article
the actual variable is cost/wage rate, with the wage rate explicitly defined as an exogenous
variable such that the individual actually chooses his/her income by freely adjusting
working hours. In this case, income is endogenous and does not belong into the indirect
utility function. For specific discussions on the role of income in the specification of
indirect utility in mode choice models, the interested reader can refer to Viton (1985),
Hau (1987), and Jara-Diaz and Videla (1990a). The main idea in this literature is that the
so-called modal utility reflects the level of utility that would be reached if that particular
mode was chosen. Then, a conditional income variable appears which reflects purchasing
power after transportation expenditure. As an indirect utility function must fulfill some
analytical properties that link prices, utility, and income (like Roy’s identity), a modal
utility specification including income should meet these properties.

*The first version of this paper was written while the author was Visiting Associate Professor at MIT’s
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In this paper we want to analyze the relation between taste and income. The main
question is whether it is reasonable to postulate that both variables are correlated. After
all, income might be presented as a good proxy for lifestyle, type of neighborhood, or
simply personal values, and these in turn are factors that contribute to generate a prefer-
ence system as defined earlier. However, this is something that should be subject to
empirical testing, not only for the sake of proper modelling and better forecasting, but
also because of the important role of income in the welfare analysis that is consistent
with mode choice; if the “taste-correlate” excuse is used, but the actual role of income is
that of purchasing power, the analytics of welfare might change substantially (see Small
and Rosen, 1981; Jara-Diaz and Videla, 1989; 1990b).

In the following section a theoretical framework is developed, specifically designed
to allow distinguishment between pure preferences (direct utility) and the effect of income
in the specification of modal utility. Next, the framework is applied to two corridors in
Santiago, Chile, using income segmentation within each one; the results show no relation
between income and taste. The final section contains a synthesis, conclusions, and direc-
tions for further research.

THE GENERALIZED EXPENDITURE RATE MODEL

Here we will present a model which generalizes the reformulation of Train and
McFadden’s (1978) goods-leisure trade off approach, developed by Jara-Diaz and Farah
(1987) and empirically tested by Jara-Diaz and Ortizar (1989). An individual whose
income, I, and (paid) working hours, W, are fixed, maximizes utility, U, as a function of
goods consumed, G, and “free” time, L (leisure) by appropriately choosing a transporta-
tion mode from an available choice set M. Each mode is described by its cost ¢; and
travel time ¢, If U is given a generalized Cobb-Douglas form, the problem can be stated
as

Max U= AG'L*? ¢))
G,L
subject to
G+c¢=1 2)
W+L+4=T 3
ieM
O]

where T is the reference period and money is measured in G units. A is a scale factor
(thus, it plays no role in the solution); v and g represent preference for goods and leisure,
respectively. As utility increases with both G and L, but not at an increasing rate, both vy
and 8 belong to the interval (0,1].

The (conditional) indirect utility function ¥, can be obtained by simply solving for G
and L in constraints (2) and (3), and plugging the result into U. A first order approxima-
tion of this function yields a statistically tractable modal utility specification; this requires
the evaluation of first derivatives of U(G, L) at some point, which we choose to be G =
Iand L = T — W. Note that this is equivalent to evaluate these derivatives at G=1 =
0 after replacing the constraints. Formally,

8U

U

= AylgTh —
8L lyrm,

= ABP*1gh=s, ®)

where g = I/(T — W) is an expenditure rate, (Jara-Dfaz and Farah, 1987). Using the
budget and time constraints (2) and (3), we obtain

G-I=—-¢ and L-(T- W)= —t. 6)



Income and taste in mode choice models 343

Using eqn (5), a linear approximation of U around (I, T — W) can be obtained. Intro-
ducing eqn (6) in that approximation, directly yields the conditional indirect utility func-
tion

Vi=AD(T - WP + AP ' (—yg P ¢, — Bg' 1), Q)

which has income, available time, and modal characteristics as arguments. This specific
form of the expansion will be shown to be particularly useful for our purposes. First,
note that V; is conditional on the choice of mode: it gives the utility level that would be
reached if mode i was chosen. This choice is determined by the problem that takes into
account constraint (4), i.e.

Max V/ieM. ®
i

By inspection of eqn (7), the only term that influences choice (i.e. that determines the
maximum V) is precisely the expression that depends on the modal characteristics. We
will name V, this term, given by

V.= —vg % — Bg'"t. )

Expression (9) has an important property: income in g can be measured for any time unit
that contains a full cycle of leisure and work (a week, a month), as long as T — Wis
consistently treated. If income was left as such (Z), its units should be comparable with
those of c;. To obtain this result, however, a scale term multiplying V,in eqn (7) needs to
be cancelled; note that as this term involves income, alternative specifications could have
been obtained as well.

The preceding development suggests a stochastic specification of modal utility as

V(C,-,t,-,l) = o; + 5g_ﬂc,~ + agl_ﬁt,' + €is (10)

where the s, 8, 8, and 8 are parameters to be estimated; ¢; is an error which, if identically
and independently distributed Gumbel, generates logit probabilistic mode choices in the
usual manner. Specification (10) and its theoretical counterpart (9) are a generalized
version of our expenditure rate model (Jara-Diaz and Ortizar, 1989) that has ¢,/g and ¢
as variables; this corresponds to 8 = 1 in the general case of eqn (9).

The generalized expenditure rate model (GERM) in eqn (10) is particularly well
suited for the purpose of investigating a relation between income and taste, because it
contains both type of variables. Taste is represented by 8 which belongs to the direct
utility U and reflects the preference for leisure (time) relative to goods (money); the g
variable contains income as such. Therefore, the effects of taste and income are captured
separately in GERM. Using standard software, the parameters a;, 8, and 6 can be esti-
mated for a given B, treating g~°c; and g'~? ¢, as variables. Then § can be varied between
0 and 1, and the model with the highest log-likelihood will give the best estimator for 3.

Whether a relation between income and taste exists or not in practice, can be studied
estimating models for different income strata within otherwise similar populations (e.g.
same socio-economic environment, location of residence, place of work, etc.). Then we
can compare the values of 8 across different populations with similar income, or across
income groups within the same population. If I actually represented taste, a monotonic
relation with 8 should emerge; this is exactly the type of empirical analysis to be presented
in the next section.

DATA AND RESULTS

The data set used refers to trips to work at the CBD in Santiago, Chile, with origin
in either of two corridors that present markedly different income distributions. The
information was gathered directly from 1354 individuals interviewed at their (stable)
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LAS CONDES

SAN MIGUEL

Fig. 1. Location of both corridors.

workplaces, 50% living on each corridor. The surveys were designed and conducted by
Dr. Juan de Dios Ortizar of the Chilean Catholic University during 1983 and 1985; a
detailed description can be found in Ortuzar and Espinosa (1986).

Santiago is a city of roughly 4.5 million people, served by a fairly dense network of
privately owned bus lines and shared taxis. Two subway lines intersect nearly at the CBD,
one running east-west and the other running towards the south (with a short northern
branch added during 1988). The bus fare is flat, unlike that of the share taxis which is
unique within a line, but varies across lines. At the time of the surveys the subway fare
was flat for movements within a line, with line 2 charging half of line 1; a transfer from
line 2 to line 1 (equal to the difference) had to be paid, making a total about 20% less
than the bus fare. The Las Condes corridor runs along the eastern branch of the subway’s
line 1, and includes the two wealthiest districts of the city, which also have the highest
auto ownership rate in the country; average family income is 50% higher than the average
of the richest 10% of Chilean families, and there are no families with incomes below the
national average. On the other hand, the San Miguel corridor is served by the southern
branch of the subway (line 2), a zone which can be classified as middle income as 30% of
the individuals in the sample has a family income equal to or less than the national
average and about 10% of the population falls within the highest income decile at a
national level. Figure 1 shows the location of the corridors in space and Figure 2 gives an
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Fig. 2. Cumulative distribution of income, both corridors.
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idea of income distribution. The public/private modal split (%) was 55/23 in Las Condes
and 86/12 in San Miguel, the remainder being some form of public-private combination.

Taking into account the number of observations and the relative income distribution
(both samples), four subsamples were created:

(i) Las Condes, high income (LCH), FI > 130; 398 individuals

(ii) Las Condes, middle income (LCM), 50 < FI < 130, 266 individuals
(iii) San Miguel, middle income (SMM), 50 < FI < 130; 297 individuals
(iv) San Miguel, low income (SML), FI < 50; 317 individuals

where FI is family income in thousand Chilean $/month. Thirteen individuals with FI
less than 50 in Las Condes, and 63 with FI greater than 130 in San Miguel were excluded.

Multinomial logit models were estimated for each subsample, specifying modal util-
ity as in egn (10) with the three usual components of travel time. Two socio-economic
indicators were also included. The variables were defined as follows:

v : in-vehicle travel time (minutes) times g' ~#
WK : walking time (minutes) times g' ~#
wT : waiting time (minutes) times g' ~#

COST : travel cost (Ch$) times g~*

CARLIC : number of cars per household driving licenses, with a limit of 1.
SEX : 1for men, O for women in car passenger modes and share taxi.

Mode specific constants are: CAR D (car driver), CAR P (car passenger), S TAXI
(share taxi), SUBWAY, CAR D-S (car driver-subway), CAR P-S (car
passenger-subway), S TAXI-S (share Taxi-subway), BUS-S (bus
subway).

Bus was taken as the reference mode. The expenditure rate, g, was calculated using a
reference period of a week or a month (i.e. a complete cycle work-leisure) and converted
into Ch$/minute. As explained in Jara-Diaz and Orttizar (1989), income in g is the
amount earned that can be spent; thus, both family income (¥7) and family income per
capita (FIC) can be used to calculate g, unlike the case of wage rate models, the logic of
which justifies only individual income (what the individual “loses” due to one more
minute travelling).

A number of models were run including all the possibilities in terms of the described
socio-economic variables and income specifications. The values of 8 reported in Table 1,
along with the estimated coefficients, correspond to those models that have the correct
signs and the maximum likelihood within a class of comparable models (i.e. same or
similar specifications).

Based upon previous models (Jara-Diaz and Ortizar, 1989) we expected FIC to
perform better than FI in general, as FIC reflects the amount of money available for one
individual in a better way; but in the high income group, family size seems to have little
impact on the perception of transportation cost. In terms of socio-economic variables,
the inclusion of SEX was decided after an analysis in terms of actual choice relative to
mode availability for both men and women in every group. The variable CARLIC was
thought to be relevant for those segments in which car ownership was important. The
results confirmed a priori expectations. Accordingly, SEX was relevant only in the high
income segment, and neither SEX nor CARLIC were finally included in the low income
group. FI performed slightly better in LCH. These are the results reported in Table 1; the
values obtained for 8 deserve some additional discussion.

There are two ways of looking at the estimates of 3: by comparison with other
optimal values (max log-likelihood) corresponding to different specifications of variables,
or analyzing the variation of the log-likelihood for the family of 8’s that originated the
chosen value. From the first viewpoint, all optimal 8’s are fairly robust, as alternative
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Table 1. Best models for selected segmentst

Corridor Las Condes Las Condes San Miguel San Miguel
Income Strata High Medium Medium Low
Beta 0.7 0.6 0.4 1.0
v —0.0677 —0.0873 —0.644 -0.0854
(—4.1) (—2.8) (-1.2) (~1.8)
WK -0.1174 —-0.1752 -0.0811 —0.0610
(—1.2) (-4.7 (-2.3) (-2.5)
WT —0.2842 -0.1752 —0.4695 -0.1776
(-2.1) (—4.7) (—3.4) (~1.8)
COST -0.0173 —0.0072 —0.0006 —0.0083
(-2.3) (-2.2) (-0.2) (-3.5
CARLIC 2.57 2.04 1.89 -
4.7 .7 2.4) -
SEX -0.7379 - - -
(-2.4)
CARD -2.131 -2.190 —2.423 —0.0855
(-39 (-2.8) (-3.2) (-0.1)
CARP —-1.740 —2.415 -1.966 -3.164
(-3.5 (-5.2) (-5.3) (—-4.7)
S TAXI —1.241 —1.434 -2.093 -1.601
(-2.7) (-3.9 (—4.7) (—2.8)
SUBWAY 3.196 1.971 2.320 0.853
6.3) 4.0) (5.5) (1.9)
CAR D-S —1.593 —2.603 -3.282 -
(-2.9) (—3.6) (-3.7 -
CAR P-S —0.488 -1.717 -0.959 -3.167
(-13) (-5.1 (-2.0 (-3.0
S TAXI-S -1.236 ~1.821 —0.823 -0.901
(-2.9) (-3.9 (-1.9) (-1.9)
BUS-S —-0.423 —0.458 -2.103 -3.221
(~-0.1) (~1.4) (—3.5) (—4.0)
LL(0) —731.99 —460.02 —423.12 -377.82
LL(®) —509.01 —370.80 —-288.90 —191.86
I 0.3046 0.1939 0.3172 0.4922
% right 52.3 43.2 64.3 77.3
Sample size 398 266 297 317

tt-ratios are in parenthesis; the statistics describing the quality of each model are the usual
ones (see Ortizar, 1982).

specifications yielded the same (or very similar) optimal values. This is particularly clear
in the case of SMM, where the 0.4 figure also gave the maximum likelihood for the
family of models including SEX, and for those including SEX and CARLIC. Something
similar occurs with SML, where the best value of 8 (1.0) is independent of the specifica-
tion of income, as is the case with the LCM group, where 8 = 0.6. Lastly, all of our
LCH models included SEX and CARLIC; the best alternative 8 (with FIC) was 0.8.
From the point of view of log-likelihood variation, the analysis can be better done
with reference to Figs. 3 to 6, where we show LL(6) as a function of 8, for each member
of the family of models reported in Table 1 (i.e. same variables for each segment). This is
just a way to have an idea of the reliability of 8 for a given specification, as 8 was not
estimated jointly with the other parameters, but provided as an exogenous value.t The
gain in LL with respect to the minimum value, goes from one (SMM) to five (LCH);
although the search was conducted using increments of 0.1 the best values of 8 emerge
clearly from each figure.} The case of SMM in Fig. 5 seems to be an exception, but in
fact the models for 0 < 8 < 0.3 yield incorrect signs for the coefficients. Finally, if in
all four cases we set a tolerance of 0.1 variation in LL with respect to the optimum, we

tUsing a search process external to the estimation program for selection of 8, results in an under-estimate
of the standard error (overestimate of the #-ratio) for all other parameters.

${We made a search varying 8 from 0.9 to 1.0 in 0.01 intervals for the SML segment; the reported 1.0 gives
the maximum LL(9). Note that this reduces specification (10) to our traditional expenditure rate model (Jara-
Diaz and Orttizar, 1989).
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Fig. 3. Optimal beta value, LCH.

would accept the intervals in Table 2. Given the analysis presented in the previous para-
graph (invariance of 8 with respect to the specification) and the shape of the LL(6) curves,
the values of 8 in Table 2 are the ones to be used for comparison.

The results highlight some interesting aspects regarding the perceptions of the corre-
sponding population. As we have three income levels and two living environments (corri-
dors), the analysis can be done better by pair of segments. In the poorer corridor (San
Miguel), the two income groups present markedly different taste parameters; even if the
extremes of the tolerance interval are chosen, the conclusion is the same (this is visually
reinforced by the opposite shape of Figs. 5 and 6). Although the best estimates of 8 are
also different between segments in the wealthier corridor (Las Condes), there is a common
value of 0.7 within the tolerance interval in LL. The two middle income segments show
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Table 2. Values of 8 within a 0.1 tolerance in LL(6)

Corridor Income Optimum 8 0.1 tolerance interval
Las Condes High 0.7 0.7-0.8
Las Condes Medium 0.6 0.5-0.7
San Miguel Medium 0.4 0.4-0.6
San Miguel Low 1.0 0.8-1.0
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different optimal values of 8 (different tastes), but a clear overlapping of tolerance
intervals is also present.

For synthesis, the best estimates of 8 are not monotonically related with income,
and the analysis of tolerance intervals show:

(i) no clear taste differences between LCH and LCM;

(ii) a marked distinction in 8 between the two income groups in San Miguel;
(iii) common B values between the rich and poor groups; and
(iv) a clear overlapping of 3 intervals between the two middle income groups.

Thus, we could talk about a common preference structure (taste) in the rich corridor (Las
Condes) but different taste parameters coexist in San Miguel. As an overall picture, the
relative preference for leisure seems to increase towards the extremes. All these results
tend to weaken the idea of a relation between income and taste.

SYNTHESIS AND CONCLUSIONS

We have developed a theoretical framework to generate a specification of modal
utility that includes both a parameter related to direct utility (taste or preference parame-
ter), and income. As income is a variable in the model and the parameter can be esti-
mated, such a specification provides the necessary background to test the presumptive
relation between taste and income argued by McFadden (1981) and implicitly adopted by
most practitioners in seemingly income-dependent specifications.

We used the preceding framework to examine empirically the validity of using in-
come as a socio-economic variable correlated with taste. A data set on trips to work
originated in two corridors of Santiago, Chile, was manipulated to generate four seg-
ments (two income groups within each corridor). A taste parameter was estimated for
each segment and no clear relation with income was found. In one corridor, no significant
taste difference is found when income is taken into account through g. In the other case,
a difference appears. Moreover, the extreme income groups (rich and poor) that belong
to different corridors, exhibit similar preferences (8). All these findings suggest that use
of income alone to identify taste differences of money versus time may not be adequate
and sets the stage for further research to define a better representation of preferences.
The theoretical framework has proved useful for our purpose, and the results tend to
weaken current beliefs and practice.

It has not been our intention in this paper to fully explain or understand the motives
behind people’s mode choice behavior. We just wanted to verify what seemed to be a
reasonable hypothesis. Our results, however, suggest that income and taste are different
things. Preferences represented in the direct utility do not seem to receive a clear feedback
from the constraint represented by income level. What people do is a matter of taste and
income. At least, this seems to be the case for an heterogeneous middle class in a certain
middle income, Third World country.
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