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Abstract

In the firgt part of this chapter, the microeconomic theory behind discrete mode choice models is
summarized, and presently used specifications of modd utility are andyzed with particular
emphasis on the role of time and income. Recent theoreticd developments are illustrated with
empirica results. The framework is then expanded to account for al dimensions of urban trave; to
do this, the evolution of time related theories of consumer behavior is synthesized and the need to
understand travel as part of agenerd activity framework is highlighted.
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1- INTRODUCTION.

Undergtanding urban travel demand is nearly like underganding life itself. The day has twenty four
hours, and travel time usualy consumes a substantial proportion of the truly uncommitted time. In
generd, individuas would rather be doing something ese than riding a bus or driving a car, ether
a home, a work, or somewhere dse. Accordingly, travelers would like to diminish the number of
trips, to travel to closer destinations and to reduce travel time for a given trip. But such behavior
Sseems more a consequence than an isolated phenomenon.

On the other hand, most of the relevant characteristics of travelers are obtained through the
esimation of discrete choice modds within the random utility paradigm. The main objective of this
paper is to summarize the microeconomic foundetions of discrete (mode) choice modds, with
emphass on the role of time and income. The centrd idea is to highlight both the geness and
properties of such modds, which means to accept the interpretation of results in terms of
economicaly meaningful condructs as the margind utility of income or the subjective vaue of time.
Thiswill be shown to have important consequences in the correct specification of such models.

The second objective of the paper is to expand the framework in order to encompass dl travel
decisons. To achieve this, the evolution of time reated theories of consumer behavior is
synthesized; the need to understand travel as part of agenera activity framework is highlighted.

2.- DISCRETE CHOICESIN TRAVEL DEMAND.

Disaggregate choice modds are the most popular type of travedl demand modds. The most
important dement is the (dternative-pecific) utility level, usudly represented through a linear
combination of cost and characterigtics of each aternative, and socio-economic variables for each
group of individuas. Under this gpproach the andyst is assumed to know, for each individua type,
which variables determine the level of non-random utility associated to each discrete dternative.
This poses many quedtions regarding model  specification: the dructure of decisons, the
digtribution of the unknown portion of utility, functiona form of the observable part, type and form
of variables that should be used, and criteria to decide which group of individuals will be regarded
as"dike'.



The choice of the word utility to describe the equation that represents the level of satidfaction
associated to each dternative, is not casud. It is borrowed from the terminology in
microeconomics, a discipline that provides a theoreticad framework to understand and specify
choice models. The objective in this section is to expose the foundations of this approach in order
to understand the role of income, time, characteristics, preferences, etc. Two caveats should be
mede. Firg,, the primary sources of utility will not be examined (i.e. the psychological mechanisms
that make consumption or actions pleasurable). Secondly, and in order to avoid confusion, it is
important to stress that what is called utility to describe an dternative in discrete choice modds, is
in fact a conditiona indirect utility function that dready includes the role of the congraints faced by
the individual as well as afirs level of decisons. Thus, dthough the genesis of direct preferences
are not andyzed, the formation of dternative specific utility levels (eg. modd) is in the center of
the following synthess.

2.1  Quality and incomein discrete choice.

The traditiona microeconomic framework for consumer's behaviour is stated in terms of a bundle
of continuous goods X which are chosen by the individud in an atempt to obtain the maximum
level of saisfaction, within dl possible bundles dlowed by higher purchasng power. After the
formdization of Lancaster (1966), who introduced the notion of goods characteridtics as the
primary source of utility, the level of satisfaction could be stated in terms of those characteristics
(flavor, nutrient, warmth, beauty); accordingly, the problem of choice can be understood properly
accounting for the fact that characteristics can be obtained through the purchase of market goods,
which in turn require money.

There is arelevant type of consumer's decison which can be faced with adight modification of the
preceding framework: discrete choices. Such a problem arises when the decision to acquire one
unit of a certain generic good (e.g. a car, fruit, atrip) is followed by the choice of a specific type
(e.g. acar modd, afruit type, a mode). Then the consumer can be viewed as choosing both the
amount of continuous goods and one of the discrete dternatives (mode), each one described by a
vector Q; containing its qualitative characterigtics. Formaly (adapting from Mc Fadden, 1981),

an individud is assumed to behave asif

MaxuUX.Q)) 1)
X
subject to
a Pi.>§i+Cj£| (2)
jI'M

where P; and X; are the price and quantity of good i respectively , ¢; isthe cost of using mode |,
| ismoney incomeand M isthe set of dternatives.



Such a problem can be solved on X conditiona on the discrete choice j , obtaining conditiona
demands X; (P,I -¢;,Q;) - Oncethese arereplaced in U , the resulting conditiond indirect utility
function V(P,1 -¢;,Q;)° V; represents the maximum utility the individud can get if dterndtive
(mode) | ischosen. Then the preferred aternative will be that which fulfills v, >Vv;" i1 j. This

means that not necessarily al argumentsin V' will actudly influence mode choice. The portion of
V,; that decides the result of the discrete comparison, is a truncated utility U, . From the

derivation of the conditional indirect utility function v/, it is clear that

a) Margind utility of income = v_.v (MUI) 3
1 i
™vV/q,

b)  Subjectivevaueof characteridtic j = (sv)) 4

v/ ¢
C) Moda utility isin fact atruncated conditiond indirect utility function.

Toillugrate this, let us represent \/ ; with alinear function, i.e.

Vj:a+ébipi+égquj+l(l _Ci) (5)
i k

Which oneisthe largest vauefor \/; anongdl j1 M, will depend only on the characteristics in
Q, and the cost ¢; (dl other terms cancel out when comparing Vi and V). Thus, the relevant
part of \/; for discrete choice moddling is

L_Jj: -1 Ci+ é gquj . (6)
k

Eq. (6) judtifies the usud linear in cost and time (and other variables) specification of modd utility,
50 frequent in applications. According to eg. (3), the MUI is minus the coefficient of moda cog,
and the Sv; is amply the ratio of the corresponding qudity coefficient over the MUI . The
samplicity of the modd, though, has a cost: income plays no role in the discrete choice, which might
not be the case for many groups in urban aress. In fact, Mc Fadden's (1981) AIRUM modél
dructure (additive income random utility maximizing) yidds choice probabilities that ae
independent of current income.



A very smple extenson of the usud linear utility mode permits a much better understanding of the
role of income (Jara-Diaz and Videa, 1989). For smplicity only, assume that the utility function
U in (1) issepardblein X and Q. This implies that the level of satisfaction atained from
consuming abundle X isindependent of moda characteridtics, i.e.

U .
= Oa Ia ak' (7)
x 70, :
Under the separability assumption, we can write the utility function as
U{X.Q;} =U:(X)+U-(Q;) )

The optimization problemon X has a solution that is conditiona on ¢; aone, yielding a st of

functions X" (P,l -¢;); once they are replaced in U ,(X), a partid indirect utility function is
obtained, i.e.

Max[u:(X)/ PX"£1-¢;1°Vi(PI -¢)). )

Thus the conditiond indirect utility functionisin fact

V(P.I'-¢; Q)= Vi(P,I -¢;)*+ U2(Q) (10)

Therole of income involves V; only. Assuming that prices of continuous goods are congtant, V1
can be approximated by a Taylor expanson around (P, 1), i.e.

ViP1-6)= Va(PL)+ & SVARC 6, )'+ Res 1y

where V! denotes the i th derivative of \/1 with respectto | -¢; evaluated & |, and R

represents terms of order n+ 1 and higher. If a Taylor expangon to the order n is assumed to be
aufficiently accurate, then Ry is close to zero; therefore, V1 isafunction of P only.

Therefore, v isgiven by



n-1 1 ) : 1 . .
V,=Vi(P.D+3Q VAPIDC Y+ VP c Y+ U (Q) (12)
=11 :
This shows that mode choice does depend on the level of individua income for n3 2, since at
least one term of the form \/3(P,1) will appear. This means that comparing V(¢ ,Q ) aganst

V(cj,Q;) may yield a different result for different levels of income. In other words, if the best
specification for v/ involvestermsin ¢; of order two or higher, then income influences mode
choice.

This framework has been applied to a middle-low income corridor in Santiago, Chile. Moda
utility was specified using linear and squared terms in cost for the whole sample; as the squared
term came out sgnificant, the sample was divided into four homogeneous income groups and
mode choice modds were estimated using the second order specification. Within each sub
sample, the squared cogt term come significant only for the three poorest groups, and its level
diminished with income, which meant that the influence of income on choice was reduced as
purchasing power increased.

In generd, the MUI can be calculated at an individud leve as

IV e B
| =TEEVieD A

i=1""

VI (P)(-cq ) (13)

where d stands for the chosen mode. Applying this to the described data, the MUI was found to
diminish with income, which is an expected resuilt.

It is worth mentioning that, athough weskly judtified, specifications including moda cost and
income can be found in the literature. The discrete choice framework unambiguoudy show that
they should be linked, but usualy the trestment of units makes this a fuzzy point (for a discusson
of related matters, see Viton, 1985).

2.2  Thegoodg/lesureframework

The preceding gpproach to modd discrete choices is fairly generd, i.e. it gpplies to most type of
purchasing decisons when the choice has to be made among a family of goods with quditetive
interna differences. The trangport - specific dimensions enter the picture when varigbles like the
components of travel time (in - vehicle, waiting and accesstimes) are included in Q; . An obvious

dterndive for the moddling of an activity like travel, in which the assgnment of time is the basic
dimendon, isto include time in the framework from the beginning.

The andlyss of travel choices within the framework of consumer behaviour explictly induding
time, was a fairly naturd extenson of the early theoretical attempts to account for time as a



"requidte’ for goods consumption (reviewed in the next section). By 1970, Gronau adapted
Becker's (1965) theory to model mode choice including both time and money congraints, showing
that the (discrete) decision depended on something that now we would cal moda utility, which
was aweighted sum of cost and travel time (see Gronau, 1986).

One of the most popular microeconomic gpproaches specificaly aimed at understanding mode
choice, some years later introduced modd travel time t; and cost ¢ as variables that influence
utility through the impact on goods consumption G and leisure time L . This goods/leisure trade-
off approach (Train and Mc Fadden, 1978) can be summarized as follows, for the case of asingle
tripinagiven O-D pair

MaxU(G, L) (14
subject to
G+c=WW+E (15)
L+W+ti=t (16)
iT ™,

where W isworking time, w is wage rate, E is income from other sources and t is tota
avalable time. By virtue of egquation (15), working more (increesng W) means consuming more
(G) reducing leisure (L), and vice versa. Thus, the trade-off between goods and leisure is
syntheszed by W . Asin the previous problem, represented by equations (1) and (2), this can be
solved in two steps, using W asa'"pivot”, replacing G and L as functionsof W from (15) and
(16) in (14). Then the optimd vaue for W can be found conditiona on mode choice (i.e. on ¢
and t; ), which yields a conditional demand for working time W' as a function of w,E-¢ and
t -t; . If thisis replaced back in the utility function, a conditiond indirect utility V; is obtained.
Giving U the Cobb-Douglasform K G** ", thereaultis

Vi= K(1-b )" b [w (t -t))+ w® (E-c)]. (17)

Again, mode choice is decided by comparison among V;," i 1T M . For a given individud, this
gpproach yields choices commanded by the maximum vaueof -¢ / w-t; or -¢ - wti .

It should be noted that what we have caled the truncated conditiona indirect utility function U, in
the case of equation (17) corresponds to an expression of the form

U= Ko™t - K ¢ (18)



which is again linear in cog and time. Note tha when b® 0, then K¢= K and choice is
determined by -ci-wti; when b® 1, then K¢= K and choice follows the maximum of

-ti-c/ w. This is the origin of the popular cost over income specification of modd utility, in
which incomeisin fact a proxy for the wage rate.

The preceding modd includes a rather strong assumption, i.e. that the individua can choose
working time fredy a a prespecified wage rate. Nothing essentid changes if a fixed working
schedule and a fixed income is introduced in this framework, provided the individua works extra
time a amargina wage rate w. However, if no additiond work is produced, then a modd with
exogenous income | is obtained. Under this setting, the trade-off between goods and leisure no
longer depends on assigning more or less time to work, but on choosng faster (and more
expensve) modes or dower and chegper ones. In this mode, the conditiond indirect utility
function is directly obtained replacing G and L from the condraints into U . If utility with a
Cobb-Douglas form is approximated to a second order Taylor expanson around (1,T-W),
replacement of G and L plus a convenient rearrangement of terms, yields a truncated conditional
indirect utility function given by (Jara-Diaz, 1990)

_ - 1 -
U =-q(l- b)%-cpti+ 5 PA-b)(S:- S )(%- t), (19)

wnere g IS an expen Iture rate -wW), § and S aet are Of Income — and rTree
h i i | /(T -w) d he share of i ?‘i; d f
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time mg spent in transport respectively, and q is K9 (notethat S * S, dways).

The expresson for the modd utility represented by equation (19) involves a number of novelties.
Fra of dl, if ather 5§ or Sr were sgnificantly different from zero, then second order terms in
travel cog, travel time or both, should be included in the specification. This is congstent with a
previous observation regarding the role of income in mode choice captured by second order terms
in cogt, because (as should be recaled from the standard theory of consumer behaviour) a high
share of income in the consumption of a particular good, is indicative of the presence of income
effect. Secondly, if both S, and Sr were negligible, a linear specification would be gppropriete,
keeping some resemblance with the previous verson of (J,; in equation (18) which involves the

moda cost over the wage rate; in this fixed income case, though, cost is divided by an expenditure
rate which represents the amount of money to be spentina T -W period (Jara-Diaz and Farah,
1987). We have named these specifications the wage rate and expenditure rate models
repectively. Such specifications were empirically explored by Jara-Diaz and Ortlzar (1989).
Note that a constant working schedule across the population in a sample of fixed income travelers
would provide aclear case for the cost over income specification.



The generdized expenditure rate modd represented by equation (19) helps darifying an important
point regarding the draification of travelers for mode estimation. Imagine that a traditional mode
choice modd with linear utility is specified with the usud cost over income and time varigbles,
assume as wdll that individuas in the sample have smilar preferences (i.e. same K and b) but
tripsinvolve avariety of travel distances (or travel time). This means that individuas in the sample
would have different vauesfor Sy and , therefore, different coefficients for cost and time according
to eg. (19). Therefore, different linear models should be estimated for individuals traveling short
and long distances. In other words, the sample should be stratified according to distance.

The goods/leisure approach can be used to explore the presumptive relation between income and
“pure’” or unrestricted preferences, represented by the parameter b in direct utility. If second

order effects are assumed negligible in equation (19) and the first order terms are conveniently
manipulated, one obtains

U=-Ag"c-Bg™t,. (20)

Mode choice models can be estimated to obtain A,B and b for populaions with different
income, in order to examine possible monotonicity between the income level and the estimated b

vaues. This approach was used by JaraDiaz (1991) in a study involving two income groups
within each of two corridors, clearly reecting the correlation between income and the parameter
representing unrestricted preferences.

Finally, the apped of the goods/leisure gpproach goes beyond its smplicity. It can be adapted to
casss like interurban travel or vacation trips to a resort area. Imagine an individud that is sdif-
employed and whose vacations are planned as along run decision, including destination, length of
day, and travel mode. In this case the existence of earnings per unit time, and the endogenous
decison on the length of time out of work play a key role in the specification of utility ; the
resulting model will be smilar to awage rate modd. On the other hand, if the individud has a pre-
specified vacation period, the expenditure rate approach (properly adapted) could be used,
meaking the vacation budget play the role of fixed income.

2.3 Extensions and discussion

One might be tempted to include here a discussion on the vaue of time but, athough related, the
emphass is intended on the formation of the truncated conditiond indirect utility function.
Nevertheless, one can observe that the goods/leisure framework yields a value of time equa to the
(margina) wage rate under its endogenous income verson, but the result is different (and more
interesting) if income is regarded as exogenous. In fact, for the Cobb-Douglas form of direct
utility, the subjective value of time (SVT) isgiven by
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T 1-b T-W-t, (21)

which is nearly proportiond to the expenditure rate when ¢ and t; are negligible compared to
income and leisure time respectively; in fact, to a first order approximation, SVT is equd to
gb/(1-b) from the firg part of equation (19). Note that, for a given income leve, a person that
works less has a lower vadue of time. This explains empirica results like those obtained by Bates
and Roberts (1986) regarding thelow SVT for retired individuas. Also, note that SVT increases
with t;, which means that the (margind) subjective vauation of travel time increases with trip
length. This is an important point as some clam that one more minute in a short trip should be
percelved as more vauable than one more minute in a long one; this falacy ignores the fact that
what is vauable to an individud is leisure time, which is the complement of t; . Thus, what matters
is the perception of one minute rative to leisure, which diminishes as leisure increases, or
increases with t; .

In applied work, any verson of the aternative-specific utility functions introduced here, includes
¢ divided by some form of income (eg. wage rae, income itsdf or expenditure rae), dl
components of travel time, other (moda) characteristics, socio-economic indexes, etc. Each
variable has a parameter such that the MUI and Sv; are easlly caculated using eguations (3)

and (4) respectively. Asdiscussed, the SVT under the origina version of the goods/leisure trade-
off framework is equd to the wage rate, but thisis rarely the result in empirical work, in which the
ratio of the travel time coefficient over the cost/wage coefficient is usudly less than one (a result
theoretically supported by Gronau, 1986). This is rdated with the formulation of the trade-off
modd, in wich the absolute perception of time is captured by the multiplier of the corresponding
condraint, which is the same for dl activities induded in L, for work and for travel. Thus, the
price of time is equd for al activities and equd to the wage rate. The case would be different if
redtrictions regarding time were identified beyond eguation (16). One possibility isthat of minimum
time requirements, like those identified by Truong and Hensher (1985). On the other hand, aratio
significantly greater than one has aso been obtained (Jara-Diaz and Ortlzar, 1989). In this latter
case, an expenditure rate gpproach would accept such vaues as a posshility, as shown in
equation (21), where b/ (1-b) can take any pogdtive vdue within the intervd O£b £1. Note

that b represents the importance of time in direct utility, which means that individuds with alarge

absolute perception of time could reved ahigh SVT if the fixed income, fixed working schedule,
isthe relevant one.

So far, it seems as if the main issue for the correct specification of (moda) utility is the role of
income, its endogeneity or exogeneity, depending on whether paid working hours are decided or
not by theindividud. In fact, time plays akey role which will be exposed in the next section.



3.- FROM CONSUMPTION TO ACTIVITIES. THE HISTORY OF TIME
RELATED MICROECONOMIC THEORY.

From a microeconomic viewpoint, modding urban travel demand means introducing time and
space in consumer theory. For a given location pattern, an individua has to choose what goods to
buy and what activities to perform, potentidly including leisure, work and transportation. The role
of time began to be discussed with specid emphass from 1965 to 1972 in the economic literature.
The traditiona framework to model consumer behaviour sees individuds as trying to achieve the
highest levd of satisfaction given the condraints that each one faces. As the leve of satisfaction
was assumed to be dependent on the amount of goods consumed only, the natural condtraint was
that of alimited purchasng power. The need to understand the labor market made it mandatory to
introduce time as an important eement in that framework, as the consumer was assumed to face a
choice between work and non-work time. The emphasis, of course, was on the relation between
wage and the willingness to work (labor supply). In this context, an activity which is essentidly
time consuming as travel was dso of interest. In this section, the consumer theories involving the
assgnment of time are reviewed and discussed, in order to facilitate the integration between the
theory of urban travel with the generd theory of time dlocation.

3.1 The allocation of time

Becker (1965 ) brought attention to the fact that market goods X are not consumed as they are
bought, but they have to be transformed into "basic commodities'’ Z, which require time to be
prepared. Thus, as satisfaction comes from Z, and each Z; depends upon goods consumption
Xi and preparation time T; , then utility should be seen as U(X,T) . In Becker's modd, income is

essentidly an endogenoudy determined variable, as the individud decides how many hours W to
work at a pre-specified wage rate w. Thus, two condraints gppear origindly in his formulation:
the traditiona budget congtraint which relates expenses in market goods with income wW, and a
new time constraint which states that working hours plus é T: should be equd to totd available

time. However, Becker turns the two congtraints into one by noting that "time can be converted
into goods by using less time a consumption and more a work™ (pp. 496-497). The resulting
condraint is gated in money terms where a full price for each generdized good 7; appears, this
full price encompasses the expenses on the necessary market goods, plus a time cost given by
wT; which represents the value of forgone income, i.e. the amount of money the individua would
earn if he/lshe assgned T; to work more (see Table 1). Both Johnson (1966) and Oort (1969)
used the new time congraint in order to model and understand trip generation and the role of
travel time respectively; both, however, induded work time in utility.

A few years later, DeSerpa (1971) developed a moded that resembles Becker's, as both goods
and time are included as arguments in utility; however, the approach features important
differences. The firs one deds with the induson of dl time components in the utility function in
addition to goods, paticularly working time which was explicitly excluded from the previous



framework. The second difference is the addition of a series of congraints reflecting minimum time
requirements for the consumption of each good. DeSerpa's notation is not the most appropriate,
as reflected by the need to introduce a number of observations to explain potentid limitations of
the model (e.g. the concept of pure time commodities, a work commodity, and negetive prices).
Although he makes no reference to the concept of "basc commodities’, consumption time is
introduced in utility together with goods; later on, the consumption of each good is caled an
"activity". The income and time congtraints are presented as independent equations, and the role of
the minimum reguired consumption time is highlighted as the source of the pogtive vauation of a
reductionin T; only if the corresponding condraint is active, which means tha the individud
would have liked to spend lesstime oniit.

The firg microeconomic mode dedling with activities as a centra issue was formulated by Evans
(1972). Here, the primary source of satisfaction is the type of activity performed, and its measure
is the amount of time T; assigned to that particular activity within a period. Thus, in essence,
Evansintroduced U(T) as an apparently smple departure from the classcal goods consumption
modd; however, activities are costly because they require goods to be actually performed. Thus,
market goods are inputs which are necessary to develop activities and, in turn, goods are the
source of the activity cost. What DeSerpa had called pure time activities are dlowed to exist in
Evans framework smply as a particular case; their cost can be ether postive (the individua pays)
or negative (the individud is pad). If Q isa matrix containing the input of goods at a certain rate
per unit time which are required for each activity, then QT is the vector of goods that has to be
bought in order to be able to do the activities contained in T . Thus, the budget congraint isin fact
related to QT . On the other hand, activities will be interdependent in generd. This is taken into
account by Evansintroducing ameatrix J that represents links among activity times.

Therdaion X =QT is the fird expliat introduction of a transformation function that turns
activities into goods and viceversa, which was implicitly expressed both in Becker’s modd (the
b; coefficientsin Table 1) and in DeSerpa's (the a; coefficients). For Evans, the amount of time
to be assigned to each activity is the basic varidble, the source of direct utility and the origind
source of both expenses and income. Accordingly, his modd is tated in terms of the vector T
only, as shown in Table 1. For completeness, it should be mentioned that Michadl and Becker
(1973) further daborated on the role of the "household production function” Z(X,T), dong
different lines

3.2 Discussion

As seen, time evolved in consumption theory from a secondary role to a centra one in a short
period. However, today the basic approach to mode consumer behaviour till rests on the idea of
goods consumption as the primary source of direct utility. From our brief account, though, it ssems
that the fundamenta role assgned by Evans to activity time alocation generates a more generd
and meaningful framework. If one looks a Table 1 trying to make a synthesis, there are three key



issues to discuss. The firgt one is the relation between goods and time. Such a relation is fairly
generd in both Becker's and Evans' models through a matrix of fixed coefficients (b; in the first

oneand Q in the second). The second issue is the presence (or absence) of working time W in

the direct utility function. Unlike Becker, who explicitly leave them out, both DeSerpa and Evans
include working hours as adirect source of utility. Thisis an important matter, asincluding working
hoursin utility would make Becker’s synthes's of income and time congtraints into one, a mistake,
because W could not be used as a pivot variable snce the utility level would be affected. Thisis
specificaly pointed out by Evans, and it has previoudy been highlighted by Johnson (1966) and
Oort (1969) in their independent departures from Becker’s approach. In fact, Evans criticizes
both Johnson and Oort for not introducing other time related redtrictions as, for example, minimum
time required to perform an activity (DeSerpa’'s modd is not mentioned by Evans). If no time
restrictions are accounted for, the vaue of time would be equa for dl activities because time is
adjusted accordingly. And this leads to the third issue, which is more ample than specific minimum
time requirements: the interrelation among activities Thisis explicit in Evans modd only, dthough
De Serpaintroduces arelated ideawhich, as explained here, is somewhat related to theideaof a
transformation function representing the relaion between goods and time. This interrelation is the
source of the reldive importance of different activities from an andyticd viewpoint; as this
differentid perception of activities is in fact observed, omitting such a congraint would yield
erroneous models.

Thus, garting with time as an addition to commodity consumption in the microeconomic theory of
consumer behaviour, we find an gpproach like Evans', which encompasses dl dimensions of the
problem. The striking fact is that his modd can be stated in terms of activity times only, as shown
in Table 1. Can this model be converted into a goods consumption modd? It appeared as

possible, according to the conversion of times T into goods X ,i.e. T= Q" X . But eveniif thisis

done, the two other condraints gill remain: the totd time congraint, and a set of linked-activity
type congraints. The resulting commodity consumption mode is, therefore, a different one.

On the other hand, and with a different purpose, time played a very important role in what today is
cdled home economics. In Gronau's (1986) review, the origina formulation of Becker's (1965)
time alocation modd was generdized to include a "work activity" Z, that enters utility directly;

furthermore, the conditions for time to be converted into money are unambiguoudy established
(including an endogenous labor supply and no effect of Z, on U ). This andyss is paticularly
interesting, asthe Z;'s are clearly associated with activities, which becomes evident not only in the
treatment of work but in an example where a trip is a necessary ingredient in the production of a
“vigt’. As two modes are assumed available for the trip, that example is illuminaing in two
respects: first, a discrete mode choice modd is the outcome and, second, Becker's find goods Z

are directly defined as activities. It seemslike dl roads lead to Rome.

An agppropriate view of individua behaviour from a microeconomic perspective should rest on
activities as the primary source of utility, a view that has recelved some support in the economic



behaviour literature within the last decade (eg. Juster, 1990 ; Wingon, 1987). This implies
looking a goods as means that are necessary to actualy redize a st of activities. Doing this
requires the introduction of a conversgon or trandformation function that turns activity times into
goods and vice versa. A relation among activity times themsalves seems to be necessary as wll.

This means that introducing time in a microeconomic framework goes beyond the addition of a
time congraint. Moreover, time should not be seen as the number of minutes necessary to ether

prepare afind good or consume a market commodity; it is the direct source of utility by means of
its assgnment to activities. Note that this gpparently innocent change of perspective moves things
in a different direction. Firg, the primary result of a consumer modd would be activity “demand”

functions (as opposed to market demands for goods) and, second, if a U(X,T) type of utility was
taken as a correct formulation, an explanation should be given for the presence of X (as opposed

tothat of T ). Note that one possible explanation would be the qualitative content of a certain type
of activity, i.e. the margind utility of activity i could be dependent on the type and amount of
goods used, making U / 1T, 11 X; different from zero; note aso thet this would depend solely

on the degree of detail used to describe an activity (e.g. dinning versus dinning eegantly).

4.- TOWARDS A SYNTHESIS: A MICROECONOMIC TRAVEL-ACTIVITIES
MODEL

So far, the microeconomic basis for discrete choice models has been summarized, and the time-
related theories of consumer behavior have been explored and analyzed. Here follows an attempt
a acondructive synthess.

4.1  Travel choice and time allocation theory

In their origind form, both the goods/leisure approach (Train and McFadden, 1978) and Becker's
time alocation modd yield the same vaue of time: the wage rate. This should be no surprise, asin
both cases three conditions concur : income is endogenoudy determined by fredy choosing
working hours, these do not affect direct utility, and no condraints besides income and time
budgets are included. Although they look different and ther utilities have different foundations,
both modes are in fact conceptualy the same; it should be recdled, however, that X and T in
Becker's modd are the inputs to obtain the basc commodities Z, and both are vectors, as
opposedto G and L in Train and McFadden's, which are aggregates.

The preceding argument makes Gronau's (1986) extension a relevant one, as he includes a work
commodity in the direct utility, as well as a potentialy given labor supply, making Becker's model
a paticular case. By association, a generdlized verson of the goods/leisure model can be
congtructed, smply replacing W' in equation (16) by We+ W, representing fixed and variable
(endogenoudy decided) working hours respectively, and putting W=W, and E=1 (fixed
income) in equation (15). Such amode till would be lacking work in direct utility. However, both



the wage rate and expenditure rate specifications could be obtained as particular cases, usng W,
as pivat; if W, results with a pogtive vaue, the wage rate gpproach holds, and a zero vaue
(corner solution) implies an expenditure rate modd. Note that the endogeneity of margina working
hours is something that can be observed.

The literature shows some attempts to formulate and interpret mode choice models according to
the generd frameworks previoudy developed to gpproach time dlocation. One example of thisis
the work by Truong and Hensher (1985), later improved by Bates (1987). They try to trandate
both Becker's and DeSerpas generd frameworks into (discrete) mode choice formulations. Due
to the presence of DeSerpas technica condraints regarding minimum time requirements, they
show that the conditiond indirect (moda) utility should have a mode-specific time coefficient; this
coefficient should be generic if mode choice was derived from Becker's framework. This
difference is dso influenced by the fact that travel time does not enter direct utility in the so-called
Becker type modd, while it does appear explicitly in DeSerpas counterpart. In both cases the
THB formulation follows the goods-leisure approach which, as we have seen, is in fact Becker's.
However, as goods and "activities' in DeSerpas are aso vectors explicitly written as such, as
working time is not adjustable, and as additiond time condiraints appear, interpreting DeSerpa's
utility arguments X and T as goods and leisure seems amisuse.

In the preceding paragraphs, the possibility of both building a more genera framework for travel
decisons and linking this with the theories of time dlocation, has been highlighted. But there is a
basic issue to be solved: the arguments in direct utility. Here, the so-cdled "find commodities' Z
ssemsmorean excusetoplug X and T in utility than anything dse. Infact, Z is never defined
with enough precision with the exception of Gronau (1986), who eventudly cdls them "activities'.
On the other hand, Evans (1972) argues in favour of time devoted to activities as the basc
quantifiable source of utility.

For Becker, T istime to prepare the find commodities (which is the resson why W is left out of
utility); for DeSerpa, T is consumption time; for Train and McFadden, the aggregate source of
utility is lesure; Truong and Hensher include travel time in direct utility in the so-called DeSerpa
modd. As particularly emphasized by Evans (1972), Bates (1987) and Gronau (1986), including
or not an activity timein direct utility plays akey role in the interpretation of amode. In anayticad
terms, the behavior represented by the corresponding first order conditions for optimaity, might
include or not include a margina utility of time assgned to the particular activity in question. The
basic point is whether the individud level of satisfaction can change only because of tranders
among leisure, work and travel, through the time condiraint with an impact on purchasing power,
or aso due to direct pleasure or displeasure.

It seems that there has been an emphasis on keegping as arguments in utility only those eements
which are believed to increase satisfaction (e.g. leisure, goods). Somehow the idea of non-leisure
activities as direct arguments has been postponed, in spite of the previous examples and
discussions. To test whether a variable should enter U , the problem can be restated as follows: if



everything dseis kept congant, would a change in that variable induce a change in satifaction?
Under this question, dl variables that act through other varidblesin U should not belong to U
(as, for ingance, income). Thus, work and travel time should indeed be included; genericaly,
goods should not, as they require the assgnment of time to their use. Even if some goods are
bought for the pleasure of acquiring, satisfaction is redized in the act of buying; if it is a piece of
art, satifaction is experienced by the act of admiring or by enhancing an action (either a work or
a ea2). Thus dl paticularly identifiable activities should enter U , as separate entities. The only
judtification for X in U would be a generic description of the activities (eg. having a more
comfortable bed increases the satisfaction of deeping as agrossy described activity).

In short, what to use as an argument in direct utility, what congraints should be consdered, and
what isfixed or what is variable, are key decisons to propose aframework aimed at the moddling
and understanding of travel decisons. The dements of the problem have been explored, and they
seem to be enough to make a concrete proposal.

4.2 A unified modd for trave and activities

After looking a the microeconomics of mode choice modeds and the time alocation literaiure, a
unified model can be proposed. There are three basic ements. Firdt, the source of utility is the

time devoted to each activity, including all activities (deep, edt, tak, travel, work, and so on);

second, market goods and services are needed to participate in the different activities, and they
are the source of expenses, findly, besides time and income budget congraints, there are objetive
reaionsamong T and X (feesble T for given X, necessary X for given T), and among the
Ti 'sthemsdlves (e.g. activities which require other activities).

From the preceding discussion, a modd of travel choices can be looked at as a time dlocation
problem, recognizing that utility is directly derived from what the individua does (activities) which
requires goods that are costly. Formaly,

M a)( U(T1WF 1WV 1t) (22)
Twy{m},B
subject to
o] OB o]
a Ti+Wv+WF+a a dijt;=t (23)
i j=1il M
FOSTWE W, 030 (24)

! This section reproduces the essence of the model in Jara-Diaz (1994).
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A APaXeta A dic; = letwWW, (25)
i d j=1il m;
B=B(X) , (26)
where
T ; vector of activity times T; in period t
t : vector of travel times t;; in period t
B : number of tripsin period t
di; : lifmodei isusedintripj; O otherwise.
F : technica trandformation function that converts activities into goods and
vice versa, it includes the interrelaions among activities.
Xig amount of good i boughtinzone d inperiod t
Pa priceof good i inzone d .
M; set of modes availablefor trip j .

In this model, goods can be bought in different locations, a potentidly different prices. As
resdence and work places are given, the number of trips is only sengtive to the choiceof X, a
relation which appears as eq. (26). This can be viewed as the result of a network related sub-
problem (e.g. optima number of tripsgiven X ). Note that the transformation function (24) is not
Becker's Z(X,T), but Evans implicit functions X -QT=0 and J@ £0.

The given variadles ae We,l ¢ t;j.c;,t,Py and w, while the decison vaiddes ae
{T:}{d;}{ Xia}w, and B. Thesolutionfor B is the generation model, the solution for X is
the digtribution model, and the solution for d is the mode choice model. Note that this formulation
is not compatible with the goodsleisure framework. As discussed earlier, a T,= L and
A Py Xia= G. Because of the technica relation between goods and activities, there is an implicit
relation between G and L which has a draightforward interpretation : goods consumption
require L and vice versa, which is a missng assumption in both Becker and Train - McFadden
models.

Let us see how the mode develops when andyzing mode choice in the case of onetrip k, which is
the prevailing modeling gpproach in the field. All other trip decisons will be assumed as given, i.e.
number of trips B, destinations (which are one of the dimensonsin X'), and dl other mode
choices. Thenew problemis



Max U(TWe W, t1,....ti, .. .te) (27)

XT.Wyil My
subject to
aT +w.,+we +e°1kt,» +u=1 (29)
i s
FOGTWE V)2 0 (29
AP Xi+Aci+c = le+W, , (30)

jrk
plus the non-negativity congraints. For amplicity only, relation (26) between B and X has been
dropped, which means that the amount of goods does not affect the number of trips. Asusud in
the discrete choice approach, problem (27) - (30) can be solved conditiona on mode choice,
which yields conditiond solutionsfor T, X and W. Formaly,

R - - 1 -
Ti=Ti[t-We 't'tik1WF1t1tik1W(|F'C'Cik)] :0 (31)
Xi=Xi[%] 20 (32)
W,=W,[%] 20, (33)

where t and ¢ are obvioudy defined, and T is the vector of travel times except tic. Then the
conditiond indirect utility function correspondsto (if W, > O)

* _ 1, -
U(T 1WF )M 1tik1f)0 V[t -WF -t-tik !WF 1tik !t 1W( IF -C-Cik)] . (34)

This expresson is very helpful to disclose explicitly some key aspects in the specification of moda
utility. Frdt, unlike moda cog, trave time plays adud rolein the indirect utility : it provides direct
disstisfaction, asasurvivor from U in (27), and it affects available time to do other activities, as
a consequence of congdraint (28). This latter role of travel time deds with the trade-off with
pleasurable activities. The second key aspect is that both roles cannot be distinguished if V in
(34) is approximated linearly. If thisis accepted as a reasonable representation of (indirect) utility,
the conditional comparisons would be based upon an expression like



- . 1 -
Vi= k+a(t -We-t-ty )+ BWe+ gty +a gptnt dv—v( | £-C-Cik) (35)

and the only terms that would influence mode choice would be

0= (g-a)-d> (36)

from which one can only estimate (g - a) and d, but neither gnor a can be calculated. Note also
that afirst order gpproximetion like (35) would make al other varigbles but travel time and cog,
irrdlevant (e.g. income). As explained earlier, this would not happen if a second order expansion
was believed to be a better modd than this.

Thethird key aspect isthe role of the wage rate w. In this framework, the rdevant vadue of w is
the hourly payment the individud is offered to do extra work. It is true that this might have a
relationto | - / Wr, but w represents the real opportunity cost of activities performed outside the

(fixed) working schedule. According to this, individuas in a sample should be asked about their

work arrangement; if the individud has a fixed sdary and fixed working time, he/she should be
asked the vaue of the wage rate for additiond work, as thisis the value that should enter modal

utility, provided W, > 0 .

The conditiond indirect modd utility in equation (34) can be interpreted in terms of "goods and
leisure’. The firg argument isin fact totd time avallable to peform T (which can be associated
with L) or to keep on working, and the last argument is the time equivdent to buy X. i.e.
G/ w, minusthe actud extratime worked. Formally,

-G
V|:V(L+Wv 1WF ’tik.t,W-W\/) (3n

which explicitly highlights the difference to the goods-le sure gpproach.

4.3 Comments

The proposed framework to understand travel behavior rests on Evans view as a gross construct,
and dso on the goods/leisure version of the discrete choice gpproach. Accordingly, it should be
no surprise that a wage rate type specification for moda utility is recovered when a mode choice
decison is derived under the gppropriate assumptions, provided that variable working hours exist.
At this point, it seems fairly clear that the role of labor supply is highly rdlevant: if it is fixed
(exogenous income, a least in the short run), what matters is the time available to spend the



money, whileif it is variable (endogenous income), margind adjustments make the wage rate a key
variable. Some additiond properties of the travel modd are

@ travel and activities time alocation are decisons that pertain to the same class,

(b) the interrdations among activities, and those between activities and goods, make it difficult
to acoept continuous andytica solutions because of minimum required durations and the
presence of durable goods;

(© the subjective vaue of each activity can be different;

(d) if income is rdativdy smdl, choices in the time space can be very limited because of the
relations between goods and activities, which can make the time congraint irrdlevant ;

)] if income is rdatively large, a number of activities are open for consderation because the
necessary goods and services could be acquired. This could make the income congtraint
irrdlevant.

An gpproach like the one presented here puts the emphasis on time dlocation and, therefore, on
the perception of time. The decisons on what to do within a time frame become the relevant
phenomenon to investigate. Part of this deds with the analyss of labour supply (how much to
work), but understanding individua time alocation as awhole requires a very deep look a human
activities. Maybe analyzing travel decisons does not require understanding the profound motives
behind the search for richness, fame or power, but the influence of dominant socid vaues is
indeed relevant when sudying the structure of daly activities. This should redirect research
towards the identification of socidly induced activities, telecommunication, or the rdations
between prices and uses of goods (e.g. in addition to the "do | have money" question, add the "do
| have extratime to use it", or "what will | stop doing in order to use this'). Thus, acquiring cable
TV, having a compact disc player in the car or playing soccer with the neighbors, become
something relevant to understand and modd. On the other hand, there is a need to understand
activity choice when income is small enough to rule out the acquigtion of leisure goods (e.g. toys,
gadgets) or the admission to leisure activities (e.g. movies, sports). It might well be that we are
facing the emergence of two socid “classes’ : those that dtill have money when the day ends, and
those that gill have day when they run out of money.

Needless to say, the aggregate trends on socid behaviour, the role of technology and socid
vaues, or socid idiosyncracy, seem essentid to understand travel. Along these lines, the high
subjective vauation of time in Santiago (Chile) previoudy mentioned, has been examined from the
viewpoint of the absolute perception of time. A detailed survey on chilean students showed
perceptions which are dloser to individuds in the U.SA. than in Brazl, regarding punctudity,
coordination of activities, synchronization, and so on. The concluson was that the high vauation of
time relative to income reveded by the travel demand modes could well be the result of time
perceptions which are highly influenced by the life style in the developed world Jara-Diaz and
Romero, 1992).

The activity-travel framework presented here has aso been used to provide a microeconomic
bass to understand residentiad locetion (Jara-Diaz, Martinez and Zurita, 1994). One of the nicest



results was the andytica deduction of a term that represents accessbility, associated to each
location, which combines the utility obtained from performing activities in different locations with
the generdized cost to reach those places.

5.- CONCLUSIONS.

Consumer theory essentidly provides a framework to describe economic behaviour. Within this
framework, the concept of utility function has been instrumental to model demand for goods and
sarvices and to model |abour supply. Here, the individuad is looked a as if such a function is
maximized. Although travel demand has dso benefited from this framework, it seemed necessary
to make a revison of the specific manner in which the generd framework has been adapted to
understand and mode urban transport users behaviour. In this article, travel choices have been
examined from the perspective of consumer theory, in an attempt to unvell the specific role of the
different el ements which are part of users decisons.

Discrete choices, the goods/leisure framework and time related theories of behaviour have been
exposed and examined. From this analysis of the microeconomic foundations of models reated to

trip decisons, some issues have been clearly established. Firgt isthe question about the sources of

direct utility; starting from goods consumed and going through the concept of basc commodities,

consumption time appeared as a necessary item to redize utility. After this modest beginning,

time devoted to activities emerged as the basic source of satisfaction, and it is goods that should

be looked at as meansto an end. Once thisis accepted, every single minute in a period should be
consdered. This means, anong other things, that both working and travel times are variables that

should enter utility just as dl other activities. Thus, time cannot be converted into money (through

more work) without atering utility, which makes the fuson of income and time condraints a
mistake.

On the other hand, the traditional time and income budget congtraints are not enough to complete
the picture of individua behavior, as market goods and activity times are interrelated (as well as
activities themsdves). The addition of a set of technicd condraints is necessary to strengthen the
fact that certain activities which would be omitted otherwise, are performed. Thisis a point raised
origindly by DeSerpa (1971) and Evans (1972), introduced later in the discrete choice literature
by Troung and Hensher (1985). It is a fact, though, that no explicit reference to a transformation
function has been made s0 far within the context of mode choice. This needs revison and
discussons, and Evans contribution seems to be the best departure point.

It is somewhat surprising to redlize that little discusson has taken place regarding the variables in
direct utility. In fact, goods and services seemed a reasonable choice until the recognition of atime
congraint. The introduction of such a condraint implies a relation between goods and activities
that cannot be overlooked. Furthermore, once this has been firmly established, identifying the
assignment of time to activities as the basic source of satisfaction seems evident. However, this
gives urban travd adifferent atus.



According to Gronau (1986) and Jara-Diaz and Romero (1992), activities related to persona
care (eating, deeping and other biological needs) consumes in average a little more than eeven
hours dally. A norma working schedule would leave something like four hours for discretionary
activities on aworking day. Time assigned to mandatory urban travel can consume a reevant part
of this potentidly uncommitted time. Thus, underdanding travel demand means understanding
activities.

This suggests the convenience of combining the urban travel demand framework with the dements
and andysis of the home economics literature. In fact, in this literature the role of travel has been
highlighted dready. "The shadow price of time affects cusomer's choice of the optimum
combination of time and market inputs and the decison whether to participate in market work or
not. The imputation of this shadow price is therefore based on the observation of choices where
time is traded for goods, and the choice concerning labor force participation. Unfortunately, most
often in dtuations where goods are traded for time, the amount of time saved is unrecorded"...
"One of the few exceptionsis the field of trangportation " (Gronau, 1986, pp. 292). In this quote,
emphass reved a goodsleisure point of view; the explanation lies in the type of problems
addressed in the home economics literature, particularly those pertaining to (domestic) daily life.
The individua can make a choice among buying frozen food (which requires a microwave oven),
cooking, hiring somebody to cook, or dining out; in essence, this is a choice involving qudlity,
money and... time. And it is true that the trade-offs are difficult to establish because of lack of
recorded information. It would be desrable indeed to collect and andyze such information in
order to be able to model and understand travel choice as well as goods consumption and activity
patterns.

Although a framework does not necessarily trandates immediately into an operationd modd,
implementation should be kept in mind. For example, an activity-travel mode as the one proposed
here, yidds conditiond demands for goods, work and activities as intermediate results when
moddling mode choice (see egs. 31 to 33), which turn into unconditiond ones if choice is
observed. All variables are potentidly known, and a syslem of equations could be estimated.
Undoubtedly, there has been a higtorical emphass on market demand for goods, which has
blurred the activity oriented approaches (maybe the present universa trend towards the "1 have no
time' syndrome, will reverse the gtuation).

For synthess, undergtanding travel behaviour requires understanding the conditions which shape
individuas decisons to engage in different paiterns of activities. The (rdaively new) theory of
home production should be looked a as belonging to the same family of urban travel theory. It
should be remembered, though, that economics does not explore the motives behind perceptions;
this belongsto the fied of psychology.
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Tablel1l. Timereated theories of consumer behavior

Framework
Traditiond Becker '65 Johnson '66 Oort ' 69 De Serpa'71 Evans 72
Element
Utility U(X) U[Z(X,T)]® UBGW.L) |UWLL)  yxT)® u(m)
Income P £ | 9 + _+g G+CB=wW || =wW PeX £ | POT=0
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income
Technica _ - - T3 aX JTEO
congtraint impliditin (X=QTn
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(1) T doesnot include working time

(2) X caninclude“puretime’ comodities




