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Abstract

This paper aims to formulate the private travel behavior by an activity-based
travel model and to valuate the travel-time savings of the private trip. The formulated
model has a nested structure, consisting of two models: the one-day activity model and the
weekly activity model, both of which are based on the constrained utility maximization.
The former model allocates time and cost in a day under the given time and income, while
the latter model determines the place and time of activity in a week by allocating time and
cost. The weekly diary travel data is used for estimating the coefficients in the model. By
applying the DeSerpa’s definition of the value of travel time savings to this model, the

authors valuate it by using the data of rail-users in the Tokyo Metropolitan Area.
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1. Introduction

Generally, the benefit stemming from the transportation investment mainly
consists of the savings of the travel time and the travel cost. The travel time saving is the
essential part of the user’s benefit in the transportation investment, therefore, the
measurement of the value of travel time saving (VTTS) has been an important issue in the
public investment policy. Especially the valuation of VTTS for the leisure activity becomes
gradually more important because the opportunity of people’s leisure activity has increased
in many countries.

There have been many practical and theoretical researches on the analysis of
travel time savings since the economic theory about the time allocation was introduced in
the 1960s. It was Becker (1965) who first showed an idea that the consumer’s utility stems
from the consumption of time, not from the goods consumed directly. After the Becker’s
work, several researches such as DeSerpa (1971), Evans (1972) and Small (1982) have
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developed the various time allocation models in which the consumer’s utility is maximized
under the constraints of available time and budget. Several different definitions of the
VTTS have been proposed as well (Jara-Diaz, 2000). Especially DeSerpa’s definition of
VTTS is so important that it includes distinctively two types of value of time: a value of
time as a resource and a value of time as a commodity.

From a viewpoint of empirical analysis of the VTTS, the disaggregate discrete
choice model has been the most popular type of demand model which is used for
estimating the VTTS. Train and McFadden (1978), for the choice of travel mode in a
journey to workplace, showed that the conditional indirect utility function formulated in
the discrete choice theory will give the value of time as the marginal substitution rate
between travel time and travel cost. In the similar manner, Truong and Hensher (1985) and
later discussions (Bates, 1987; Truong and Hensher, 1987) showed how the formulation of
VTTS in Becker’s model and DeSerpa’s model is corresponding to the VTTS formulated
by the discrete choice model. Although many behavioral VTTSs have been obtained from
the discrete choice analyses, the empirical analysis on the measurement of VTTS based on
the time allocation model has been quite limited (except Prasetyo et al., 2001, 2002, 2003).
On the other hand, the development of activity-based approach to the travel demand
analysis has been motivated since 1980s by the need to understand the consumer’s travel
behavior. As these models are intended neither to predict the future demand nor to appraise
the transportation investment, the empirical results achieved from those analyses have not
been considered as the ones to produce the acceptable forecasts. However, in this paper, the
authors consider that the empirical analysis based on the time allocation model can be used
for the discussion on the characteristics of the VTTS even from a practical point of view.

Therefore, this paper aims to formulate the non-work activities as the time
allocation model by utilizing the activity-based travel model and to valuate the travel-time
savings of the private travel. The rest of this paper is organized into three sections. The
next section (Section 2) provides the mathematical formulation of two sub-models
corresponding to a daily activity and a weekly activity. Section 3 presents the empirical
results obtained using the 2001 Tokyo Metropolitan Area activity-travel survey data (see
EAST JAPAN MARKETING & COMMUNICATIONS, INC., 2002) and shows the
estimated value of travel time savings and discussions. The paper concludes in Section 4

with a summary of the important results and scope of the future research.

2. Time allocation model
2.1 Basic structure of the model

Activities, generally, can be grouped into two categories: mandatory and
discretionary (Yamamoto and Kitamura, 1999). Mandatory activities are those in which an

individual cannot choose to engage or not to engage by his/her idea, whereas discretionary
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activities are those in which an individual can choose to engage or not to engage. The
amount of time and cost allocated to a mandatory activity are fixed because these activities
must be engaged whereas the amount of time and cost allocated to a discretionary activity
and its location can often be at the discretion of the individual.

It can be anticipated that the consumers’ time allocation decision on work days
and that on non-work days are not independent, and that the there are some relationships
between two because of the limited amounts of time and cost available. Then, in this
research, the time allocation model to discretionary leisure activities is formulated for the
consumers’ behavior of allocating their non-work time in a week. The non-work activity is
categorized into three types: the in-home leisure activity, the after-work-time leisure
activity, and the out-of-home leisure activity. First, the in-home leisure activity is defined
as those engaged at home, including watching TV, playing a game, gardening, etc. No
travel is required for the in-home leisure activity. Such activity engaged at home as taking
bath, having dinner and sleeping in the bed is also considered as ones of the in-home
activities, but these are defined in this research as the mandatory activities, in which
individual cannot choose to engage or not engage. Next, the after-work-time leisure
activity is defined as those engaged after finishing the working hour on a work day (in
most cases it is likely to be a weekday), including drinking at pubs, having dinner at
restaurants, going shopping, etc. The travel derived from the after-work-time activity
should start from individual’s workplace and should terminate at his/her home. Finally, the
out-of-home leisure activity is defined as the activities on a non-work day. The travel for
the out-of-home leisure activities should start from individual’s home and terminate at
his/her home.

The basic assumption of this paper is that the individual allocates his/her time and
cost for discretionary activities to maximize his/her utility under the constraints of
available time and budget. Then, it is considered that the consumers allocate their time to
either the in-home activity or the after-work-time leisure activity on the work day while
they allocate their time to either the in-home activity or the out-of-home leisure activity on
the non-work day. It is assumed as well that while the one type of activities is engaged the
other is never engaged.

The formulated model has a nested structure. It consists of two sub-models: the
one-day activity sub-model and the weekly activity sub-model, both of which are
formulated based on the constrained utility maximization theory. The former sub-model is
the DeSerpa’s type of time allocation model which allocates time and cost in a day under
the time and the income available. The weekly activity model determines the frequency of
engaging the leisure activities at the specific places in a given week by allocating time and
cost under the constraints of time and budget available. Because the direct utility of a

consumer is regarded as a function of the frequencies of visiting the specific place, the
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weekly activity model can be regarded as the classical economics model in which the
direct utility is derived from the goods consumed directly. The expected time and cost at
the specific place, which are used as one of input data in the weekly activity model are
estimated by the estimation through the one-day activity model. The estimation method
used in this paper is based on the idea of the Tobit model because the model includes the
corresponding constraints, but it is different from the normal Tobit model because it uses

the non-linear function for the model estimation.

2.2 One-day activity model

Suppose that the individual allocates fixed, positive amounts of time and cost of
the discretionary activities to the in-home leisure activities and to the out-of-home leisure
activities engaged at the place k on a given non-work day. In the same manner, suppose
that the individual allocates fixed, positive amounts of time and cost of the discretionary
activities to the in-home leisure activities and to the after-work-time leisure activities
engaged at the place k on a given work day. Here, it is assumed that the individual can
engage the out-of-home activities just once at the place k in the day. This assumption is
also applied to the after-work-time leisure activities.
Let the utility of the individual of the given day be

Uty (Zi- L Ziy L) ()
where Zz, is the amount of cost allocated to the out-of-home leisure activities or to the
after-work-time leisure activities engaged at the place k; L, is the amount of time

allocated to the out-of-home leisure activities or to the after-work-time leisure activities

engaged at the place k; Z4, is the amount of cost allocated to the in-home leisure

activity; and Ly, is the amount of time allocated to the in-home leisure activity. Then the

individual’s time allocation behavior as an optimization problem can be formulated as
Maximize U, (Z,, Ls Zeays Lay) )

Zk aLk > Zdayv Lday

SUbJeCt tO Zk +Zday < Iday s Lk + Lday :Tday
2 >0, L >0, Zgy>0, Lgy>0
where 14, represents the total amount of income for discretionary activities in the day

and T, represents the total amount of time for discretionary activities in the day.

Let the utility of any activity be the sum of two utilities stemming from
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consumption of time and from consumption of cost corresponding to the activity. Then,
following Fujii et al. (1999), let the total daily utility be the sum of in-home leisure
activities and the out-of-home leisure activities for the non-work day, and let the total daily
utility be the sum of in-home leisure activities and the after-home leisure activities for the

work day. The total daily utility can be expressed as

U gay (Zi> Lics Zgay s Laay) =U e (L) +U 2 (Zy ) +U g (Lgay ) +U 2 (Z gy ) (3)
Let

U (L) = oy In(Ly) (4a)

U (Zy)=azy In(Zy) (4b)

U g (Lgay) =g In(Lgay) (4c)

Uzq (Zgay) = zq In(Z ) (4d)

be the functional form of each utility term. For « |, az, a4, azg 1neq. (3), let

a, =exp(AX, +&) (5a)
az =exp(BX, +&7) (5b)
aq =exp(CY,) (5¢)
azq =exp(DY,) (5d)

where A,B,C,D represents the vectors of unknown parameters, X, is a vector of
exogenous variables corresponding to the place k, Y, is a vector of exogenous variables
corresponding to the individual attributes and ¢, and &, are normal random components
variating with a mean of 0 and a variance of o ,0, respectively and without covariance
between two error components. By applying the Kuhn-Tucker’s theorem to the

optimization problem of eq. (2), the first-order conditions are derived as

laay =Z +Zgay =0 (44 >0) (6a)
Tgay — L + Lday* =0 (¢ >0) (6b)
Z. >0 (A4 =0) (6¢)
L >0 (1 =0) (6d)
Zgay >0 (Agzy =0) (6e)
Laay >0 (Hgay =0) (6f)

oJ day(zk > Lk 7Zdaya Lday) _ ou day (Zk’ Lk ’Zday’ I-day) (6g)
dZ, 0Z gy
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oU day (Zk ’ Lk > Zdaya Lday) _ ou (Zk ’ Lk ’ Zdaya Lday) (6h)
oLy 0Ly

where A, 41, A, b Agay aay  ar€ the Lagrange multipliers to budget constraint, time
constraint, non-negative constraints of Z, and L,, and non-negative constraints of Z,,

and Ly, respectively. Then, the two equations corresponding to two error components are

derived from the first order conditions and the assumptions of formulation of utility

function as
e =In(Ly ) ~In(Lgy, ) +CY, - AX, (7a)
&, =In(Z,)~In(Zgy, )+ DY, —BX,. (7b)

Finally the following likelihood functions are derived due to the assumptions of
these two error terms as a normal distribution

In(L, )=In(Ly,, )+CY. — AX
L, = 1 . (L) (day) n k (83)
O-L'Lk GL
In(Z, )-1In(Z,,, )+ DY, — BX
L, - 1 . [ (Zy ) ( day) n k] (8b)
UZ'Zk GZ

where ¢() represents a probability density function of the normal distribution. The
unknown parameters are A,B,C,D and o ,0,. They can be estimated by maximizing the

following likelihood function:

LLg, = (InL +InL,). 9)

n

2.3 Weekly activity model

Suppose that an individual allocates his/her time and cost to the in-home activities
and the out-of-home leisure activities by deciding the frequencies of visiting the place k
for the out-of-home leisure activities on non-work days. In the same way, suppose that the
individual allocates his/her time and cost to the in-home activities and the after-work-time
leisure activities by deciding the frequencies of wvisiting the place k for the
after-work-time leisure activities on work days. In this paper, it is assumed that the unit
time and the unit cost allocated to each leisure activity are constant and it is assumed that
individual can allocate time and cost by deciding the frequencies of engagement of each
leisure activity.

Let the total utility of the individual in a given week be
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Uweek (NW ’ NH ’ Lweek? Zweek) (10)
where NY N are the vectors of frequencies of visiting various places on work days and

on non-work days respectively; L, and Z are the time and the cost allocated to the

week

in-home leisure activities respectively. The utility maximization problem with time and

budget constraints are expresses as

Max U (N ON™ L Z o) (11a)

W H week > week
{N N ,Lweekyzweek}

subject to

Z[NW(W'FCXV _CRJ:|+Z|:NF (T"’CF ):| +Zweek < Iweek (11b)

k k

Z|:N\k/v(|-kw* +t\kN _tR):|+Z|:NF(LkH* +tli_| )} + Lweek :Tweek (11C)

k k
NY >0, NJ >0 (VK), Zyesk >0, Lyeek >0 (11d)

where N N/ are frequencies of visiting the place k on work days and on non-work

day respectively, z,"",z,"" are the expected unit cost allocated to the leisure activities

engaged at the place k on work day and on non-work day respectively, L, " are

the expected unit time allocated to the leisure activities engaged at the place k on work
days and on non-work day respectively, c',c!' are the unit cost consumed in an
engagement of activities on work days and on non-work day respectively, t',t are the
unit time consumed in an engagement of activities on work days and on non-work day
respectively, and .., Tyeex  are the amount of income and time available in a week.

In the same way as the one-day activity model shown earlier, let the total weekly
utility be the sum of the utilities stemming from three types of activities: the in-home
leisure activities, the out-of-home leisure activities on non-work days and the
after-work-time leisure activities on work days. Let the in-home leisure activities be the
sum of the utilities stemming from the consumption of time and from the consumption of
money, which are expressed as

U L (Lyeek) = €% In(Lyeei0) (12a)

Uz (Zueek) =€ In(Z e ) (12b)
where G,H are the vectors of unknown parameters and Y, is a vector of individual
attributes.

Let the utilities for the out-of-home leisure activities and for the after-work-time

leisure activities be respectively

Ul (N = In(NY +1) (13a)
Ui (N = In(NJ +1) (13b)

where «)',af' are the location factors which are assumed to be the following functional
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al = explE"Y, + FV X, + A" () —ta) + A () —ca)+ 2] (14a)
a,f' :exp|_EHYn+FHXk+ﬂthF +,8CHCF +gNHkJ (14b)

where EV,EM FY F" represent the vectors of unknown parameters, X, is a vector of
the exogenous variables corresponding to the place k, Y, is a vector of individual
attributes and &, are the error components, both of which follow the independent
normal distribution variating with a mean of 0 and the variances of oy ,of] respectively.
The expected unit time and unit cost consumed are estimated by using the one-day

activity model. The optimization conditions of the one-day activity model are shown as

AX +& CY,

¢ - (152)
I-k Tday_Lk

BX +¢; DY,

¢ - (15b)
Zk Iday_zk

Then, the optimal unit time and unit cost allocated for the out-of-home leisure activities

and the after-work-time leisure activities are derived as

. eAXk+£L
b= eMXirer | gl Taay (162)
. eBXk+£Z
Zk :m'lday. (16b)
Therefore, the expected unit time and the expected unit cost are shown as
Lk*:J: [Lk*(gL)'f(gL)}ng:Tday'Hl (17a)
Z, :I [Zk*(b"z)' f(fz)}jt’?z =lgay - H> (17b)
where H, and H, are expressed as
AXy+& ) AXy+s
e k L e k L
H = E{eAXkJrgL el j: _[ (eAxng el J f(ﬂ)}dﬂ (18a)
eBXi+e i eBXi+e;
”E[— - || v e (1)

where f(¢,) and g(g,) are the probability density functions of the error terms &, and
&, respectively.

Finally, the first-order condition for the problem in eq.(11) is derived from the
Kuhn-Tucker’s theorem as

U ek (INE ONF L Z o L —_——y —w
0 Week( ’a,\:(w’ week > week) _/12 (ka +CXV _CR)_ﬂz(LkW +'[¥v _tR)
k
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=0 (NJ >0
O N AT (19)
W
<0 (NY =0)
W H S S—
8UWeek(N ’NkHaZweekaLweek) —iz(ZkH*-i-CF) _ﬂZ(LkH*"'tF)
oN;}
bl=0 (NM >0
2, g (vK) (19b)
<0 (N} =0)
OU oo (N N Z peeic- L )
weel week > wee — 4, =0 (19C)
azweek
6Uweek (NW’NIL-' aZweeka I-week)_lu2 =0. (19d)

aLweek

By applying the specific utility function to the above first-order conditions, the likelihood

function is derived as

1 In(NY" +D)+InSY | .
= . if N, >0
N ) { o (N =0 (20a)
S i s s i
:q{—n( . *D+lnS } (if NI =0)
oy
1 In(N/" +D+InS" | e
_ . if N, >0
N "’[ = (N> 0) (20b)
" Tl sy s i
:q{%} (if NV =0)
O
where
W (L\ﬁ/*+tkw 7tR) w w W W W W
S = exploYy —EYY, — FY X, - A —t) - A (el )]
Lweek
(F*Cx\/ *CR)
+*7'6XP[HYn7EWYn7FWXk7:BtW(t:<N ~tg)- B (@ —cr) (213)
Zweek
H (LE*H'(H) H H H tH _ gH H
S = - 'eXP[GYn*E Yo —F Xy =B % -5 'ck]
week
(2 el
NG N eI

Zweek
and ¢() 1s a probability density function of the normal distribution and ®() is a
cumulative probability function corresponding to ¢(-). Finally, the unknown parameters

are estimated by maximizing the following likelihood function:
Llyeg = 2 > Ly +> > InLy, . (22)
n k n k

3. Application
3.1 Data and model estimation

The data used in the empirical analysis comes from a time-use diary survey
conducted in the Tokyo Metropolitan Area, Japan in 2001 (see EAST JAPAN
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MARKETING & COMMUNICATIONS, INC., 2002). The survey collected a seven-day
time-use diary data as well as socio-demographic characteristics and the purchase history
from a sample of 2,900 respondents. The sample data used in this study contains only for
the workers commuting to their offices by rail. The sample comprises 290 individuals who
worked at least one day in a week and who engaged either the after-work-time leisure
activity on the work day or the out-of-home leisure activity on the non-work day. Since the
data of the unit cost in purchasing something in the leisure activities is not available in the
surveyed data, it was collected by our original survey in 2002.

For the estimation of the one-day activity model, two models are specified
separately because the behavior of people is expected to be different between work days
and non-work days. The results of model estimation for the work day and for the non-work
day are shown in Table 1 and 2 respectively. For the estimation of the weekly activity
model, as discussed above, it is necessary to use the expected unit time and the expected
unit cost. Although they can be obtained by the integrals shown in eq. (18a) and (18b), they
cannot be led to the open form. Then, the expect unit time and expected unit cost are

Table 1 Results for the work day of the one-day activity model

variables parameter t-statistics
A number of retailers in 1km2 0.000663 2.11
B dummy of car-ownership 1.07 1.13
C constant 0.885 4.74
dummy of marriage for woman 1.68 4.42
dummy of 30's-year-old -0.477 -1.94
D constant -2.56 -10.1
6 vaiance of time 1.81 24.9
variance of cost 4.3 24.8
log-likelihood ratio 0.404
mumber of observation 290

Table 2 Results for the non-work day of the one-day activity model

variables parameter t-statistics
A dummy of car-ownership -0.226 -1.67
B dummy of car-ownership 1.21 2.22
C constant 1.20 4.74
dummy of 40's-year-old 0.404 2.43
D constant -1.44 -2.92
dummy of woman -3.07 -4.93
dummy of marriage -1.37 -2.18
dummy of 40's and 50's-year-old 1.59 2.55
6 vaiance of time 1.18 25.5
variance of cost 4.47 25.5
log-likelihood ratio 0.436

mumber of observation 287
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Table 3 Results for the weekly activity model
variables parameter t-statistics
E(work day) dummy of 30's and 40's-year-old -0.39 -3.17
F(work day)  number of retailers in 1km’ 0.00158 7.93
B(work day) travel time by rail -0.0129 -2.46
E(non-work day) dummy of 40's and 50's-year-old -0.398 -3.49
F(non-work day) number of retailers in 1km’ 0.00156 6.74
dummy of car-ownership 2.5 10.5
Bi(non-work day) travel time by rail -0.00024 -0.14
travel time by auto 0.00536 3.39
G constant 3.94 20.6
H constant 0.762 2.41
dummy of woman -1.15 -2.79
dummy of marriage 0.309 1.21
c vaiance of time 1.2 17.9
variance of cost 1.02 17.5
log-likelihood ratio 0.446
mumber of observation 389

simulated for all sample individuals by applying the Simpson method to the integral in eq.
(18a) and (18b). The Table 3 shows the result of the parameter estimation of the weekly
activity model.
From the results of parameter estimation, the following properties of time allocation
behavior are found:
® The time engaging the after-work-time leisure activity by married females are less than
that by other types of consumers including non-married females and males
® The cost consumed on non-work days by females are more than that consumed by
males
® The frequency of the after-work-time leisure activities tends to be higher at the area

where there are more retailers.

3.2 Valuation of VTTS
For the valuation of the VTTS, the definition proposed by DeSerpa (1971) is
applied to the utility function of the weekly activity model. As shown earlier, DeSerpa
defines the VTTS as a sum of the value of time as a resource and that as a commodity,
which are derived from the first-order conditions corresponding to the utility maximization
problem. In this paper, the VITS can be derived from the weekly activity model shown in
eq. (11) as
VTTS, = ;’ 2 W/ 5 i

2

(23)
U\j/eek

where 1, is the Lagrange multiplier for the budget constraint of the weekly activity
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model, u, isthe Lagrange multiplier for the time constraint of the weekly activity model,
Uk 18 the utility function of the week and t, is the travel time corresponding to the
activity engaged at the place k.

As the optimum Lagrange multipliers are derived from the specified utility
function, the value of time as a resource can be shown as

'u: _ ou week /aLweek| _ exp(GYn )/ I-week

A 0U g /OZ

Z *
= =exp(GY, — HY, ) —2 (24)
U\:/eek eXp( HYn )/Zweek U\tveek " " Lweek

week
On the other hand, the value of time as a commodity is also derived from the utility
function as

oJ week /atk |
4,

oley In(N, +1)]/at, |
aU week /az

-y .Z;V%k P -ln(N; +1) (25)

week U ek

U\:/eek
Since the value of time as a commodity includes the error term, the expected value will be
used for the individual expected value of time.

The estimated parameters shown in Table 1, 2 and 3 are applied to simulate the
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expected VTTS for all sample individuals whose data was used for model estimation. The
distribution of simulated individual VTTS are shown in Figure 1 for the travel to the
after-work-time leisure activities, in Figure 2 for the travel by rail to the out-of-home
leisure activities and in Figure 3 for the travel by auto to the out-of-home leisure activities
respectively. From these results, it is found that the VTTS for the after-work-time leisure
activity ranges from 2,000 to 4,000 yen per hour whereas that for the out-of-home leisure
activity ranges from 1,500 to 2,500 yen per hour. Since the average wage rate of the Tokyo
Metropolitan Area is about 3,000 yen per hour in 2002, it can be concluded that the VTTS
for the after-work-time leisure is almost equivalent to the wage rate, but that for the
out-of-home leisure may be less than the wage rate.

Finally, the characteristics of the simulated VTTSs are examined through the case
analyses. The following two results are obtained from the analyses. First, the more the
given time available is, the less the VITS is. This means that the constrained consumers
tend to have higher VTTS even in the non-work time activity. Second, the longer the travel
time to the place where the after-work-time leisure activity is engaged is, the less the
VTTS is. When examining the VTTS more in details, the value of time as a resource

increases but that as a commodity decreases when the travel time increases.

4. Conclusions

A discrete-continuous time allocation model to the discretionary leisure activities
has been formulated as an econometric model that is corresponding to the non-linear Tobit
model in this study. The empirical analysis has used the weekly time-use diary data from
the 2001 Tokyo Metropolitan Area of Japan. Then, the VI TSs for three types of travels:
the travel to the after-work-time leisure activities on the work day, the travel by rail to the
out-of-home leisure activities on the non-work day and the travel by auto to the

out-of-home leisure activities on the non-work day have been valuated based on the
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DeSerpa’s definition of VITS. The VTTS for the after-work-time leisure activity ranges
from 2,000 to 4,000 yen per hour whereas that for the out-of-home leisure activity ranges
from 1,500 to 2,500 yen per hour. It could be concluded by the empirical analysis that the
VTTS for the after-work-time leisure is almost equivalent to the wage rate, but that for the
out-of-home leisure is less than the wage rate.

For the future research, there are several points which should be discussed further
more. First, the utility function used in this paper is based on the sum of logarithm function.
When the utility function is based on the logarithm function, the ratio between the marginal
utility of time and the marginal utility of cost is equal simply to the ratio of cost and time.
However, when applying the other type of function to the utility function, the econometric
results of model estimation may be different from the result of this paper and this may lead
to another result of VTTS. The verification of the results should be tested by using other
types of model. Second, in this research the consumer’s behavior of time allocation is
modeled as the nested structure. The unknown parameters in the model are estimated
sequentially. This assumption should be verified by more general model scheme. Third, the
size of data used for the estimation should be checked statistically. It may be too small to
say the estimated results are reliable enough. However this means greater survey is
required. Finally, the VTTSs of the other types of travels than private travel, including the
travel to workplace and school, should be analyzed for the discussion of public investment

policy.
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