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Abstract

This paper investigates intra-household interactions with an activity-based model. The proposed
model considers a child explicitly in addition to its parents. The model considers not only time
allocation, but also monetary budget allocation of a household. We analyze a choice of activity
duration as well as activity type. We compare the intra-household interactions between a week
day and a weekend day and between two different cities. The data source used for the empirical
analysis is obtained from an original survey which was designed and conducted by a study team
of the University of Tokyo in 2003 at Tokyo and Toyama, Japan. With the sample datasets, we
estimate four models: on a week day and on a weekend day in two cities. The estimation results
show the common characteristics of two cities, for example: the more non-work days a husband
has, the more marginal utility with respect to time he gains; and a housewife has higher
marginal utility with respect to time allocated to her in-home leisure. On the other hand, the
estimation results show the contrastive features between two cities such as, a younger child has
higher marginal utility with respect to his/her individual out-of-home leisure in Tokyo whereas
he/she has lower marginal utility in Toyama; a husband in his forties has higher marginal utility
with respect to time allocated to his individual out-of-home leisure on a weekend day in Tokyo
whereas he has lower marginal utility in Toyama.
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1. Introduction

Activity-based travel models typically have so far assumed an individual makes a decision on
her/his activities. Although the assumption of individual decision-making is reasonable for
some personal activities, it may not be suitable, for example, for some types of social
activities in which more than one individual participate. A joint decision-making of household
members is also important even from a viewpoint of transport planning. This is because a
transport policy will impact an individual behaviour not only directly but also indirectly
through a change of household behaviour. In addition, it is also meaningful to find out the
social factors which affect the joint decision-making of household. For example, the intra-
household interaction in an urban city with a high level of transport infrastructure may be
different from in a rural city with a low level of transport infrastructure. A comparison of
households’ behaviour in different social backgrounds enables us to examine the intra-
household interaction more vividly. This paper aims to investigate an intra-household
interaction through a development of a household resource allocation model with the
empirical activity diary data. This paper focuses on a non-obligatory activity. This is because
the non-obligatory activities impose less constraint on the resource allocation than the
obligatory activities. For example, in a case of labour, which is one of the typical obligatory
activities, an employer may oblige an employee to work in a specific way such as a joint work
with others. In this case, there is no choice for the employee about a way of work. On the
contrary, in a case of leisure, an individual can choose the way of leisure activities as she/he
likes. One individual may enjoy leisure time alone while the other shares leisure time with

other members.

The proposed model has mainly four characteristics compared with similar types of models.
First, we consider a child explicitly in the model. This is because we expect the existence of
child influences the household resource allocation significantly. This paper covers a
household with three members: a husband, a wife and a child. Second, the model considers
not only time allocation, but also monetary budget allocation of a household. Third, we
analyze the choice of activity duration as well as a choice of activity type. The types of
activities cover both an independent activity and a joint activity with other members. Fourth,
we compare the intra-household interactions between a week day and a weekend day and

between two different cities.

The paper is organized as follows. Section 2 presents a brief review of past researches that
studied the intra-household interaction. Section 3 describes a household joint resource
allocation model with a microeconomic model framework. Section 4 show an activity diary
survey conducted at two cities in Japan. Section 5 examines application of the proposed

model. The final section summarizes the study briefly and shows further research topics.
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2. Literature Review on Intra-household Interactions

Behavioural analysis of household decision-making or intra-house interaction has received
substantial attention in some disciplines, such as marketing research' and economic research,
although examples are still rare in transport research. However, as seen in a recent special
issue of Tramsportation Volume 32 Issue 5, an activity-based travel model incorporating
household decision mechanisms has gradually been explored by transport researchers. In this
section, we review mainly researches in economics and in transport research. As a household
behavioural model in transport research is much influenced by economic research, we first
start a brief review of household time allocation models in economics and then review the

recent transport researches on intra-household interaction.

2.1 Household Time Allocation Models in Economics

A household time allocation analysis originally started from a study by Becker (1965). He
extended a traditional individual behavioural model to a household time allocation model by
introducing the time into both a utility function and a household production function’. We call
this type of model as a unitary model’. The unitary model treats a household as if it were an
individual. A household has a household utility function which consists of the aggregated
amounts of time and goods of the household, whereas it has a pooled time budget and a
monetary budget. The model assumes a constrained maximization of the household utility
function with respect to time and goods consumption. Although the unitary model is simple

and clear, it has been criticized by a number of researchers who are mainly concerned with the

' Although we do not review marketing research in details, there are a number of studies on the intra-household
interaction in marketing research, including Ferber and Lee(1974), Davis and Rigaux (1974), Munsinger, Weber
and Hansen(1975), Davis (1976), Curry and Menasco (1979), Park (1982), Spiro (1983), Qualls (1987),
Menasco and Curry (1989), Curry, Menasco and Van Ark (1991), Rossi and Allenby (1993), and Arora and
Allenby (1999).

? Pollak and Wachter (1975) point out that an application of the household production function approach requires
constant returns to scale and the absence of joint production. If these conditions are not satisfied, commodity
prices depend on the household preferences and fail to serve the traditional role of prices in consumer theory
(Pollak, 1977).

* This type of time allocation model has been referred to using several terms in the literatures, for example:
traditional models, unified preference models, common-preference models and neo-classical models (Strauss and
Beegle, 1996).
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intra-household interaction. First, they claim the unitary model is unacceptable from a
viewpoint of individualism which is the core of microeconomics (Chiappori, 1992). Second,
they criticize the unitary model ignores an interaction of household members and deals with
the joint decision-making process as a black box”. Third, the unitary model only considers
allocations between households and disregards questions concerning intra-household
inequalities, which may lead to wrong welfare implications (Haddad and Kanbur, 1990). For
example, a tax reform may increase the welfare of household but it may not improve the
inequity among household members (Apps and Rees, 1988). Fourth, although the demand
functions in the unitary model must satisfy homogeneity, Walras law and Slutsky equations
(or revealed preferences restriction) in the same way as an ordinary individual consumer

model, they are not often supported by empirical analyses (e.g. Kooreman and Kapteyn, 1986).

In order to overcome the above problems of the unitary model, three approaches have been
proposed so far. The first approach is to incorporate the difference of preference among
household members into the unitary model. First, Samuelson (1956) proposes a household
utility function which consists of household members’ individual utility functions with an
analogy of the social welfare function. Then he assumes the household utility function should
be developed with a hypothetical consensus among household members. Second, Becker
(1974a, b) proposes a “Rotten Kid Theorem” which assumes an existence of a household head.
If a family has a head who “cares sufficiently about all other members to transfer general
resources to them, then redistribution of income among members would not affect the
consumption of any member, as long as the head continues to contribute to all.” “If a head
exists, other members also are motivated to maximize family income and consumption, even
if their welfare depends on their own consumption alone.” Third, Becker (1981) proposes an
introduction of altruism into the household decision-making. The altruism is defined with the

direct dependence of one person’s utility on another’s’.

4 Especially, the unitary model assumes that individual nonlabour incomes of the household members are pooled
in a single household nonlabour income. This “income pooling hypothesis” implies that the source of this
exogenous income does not play any role in the household’s allocation with regard to consumption. This
restriction has been strongly rejected in numerous studies (e.g. Thomas, 1990; Browning et al., 1994; Lundberg
et al. 1997; Fortin and Lacroix, 1997).

> Bergstrom (1989) pointed out that this theorem does not hold without an assumption of transferable (cardinal)
utility.

% Some people may regard altruism as an essential element in defining a family (e.g. Ben-Porath, 1982). It ties
people together even if only one of them is altruistic. They then all care about their joint income and all try to
maximize it, even the selfish beneficiaries.
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The second approach is based on the game theory. This type of model assumes each
household member has its own utility function and it analyzes the interactions among
household members with the cooperative or the non-cooperative game theory. An application
of the non-cooperative game theory to the household decision-making includes Leuthold
(1968), Browning (2000) and Chen and Woolley (2001). This model assumes the utility
maximization of household members, taking the other individuals’ behaviour as given, and
analyzes, for example a Cournot-Nash solution. However, a solution of the non-cooperative
game is not always efficient from a viewpoint of Pareto efficiency (Kooreman and Kapteyn,
1990). On the other hand, the cooperative game theory analyzes the negotiation on a marriage
between a husband and a wife (Manser and Brown, 1980; McElroy and Horney, 1981). Each
player has own threat point, which is defined as her/his opportunity cost of being married. The
opportunity cost should be derived from other model. Nash-bargained solution to the
allocation problem of two players can be obtained with the so-called Nash product (Nash
1950, 1953), that is the product of their gains from marriage. The cooperative game model

guarantees the Pareto efficiency, but does not imply a unique equilibrium (Schultz, 1990).

The third approach is a model which requires only the Pareto efficiency. This model is named
as the collective model (Chiappori, 1988, 1992; Bourguignon and Chiappori, 1992). The
collective model has been proposed with a critic against the unitary model and with a
generalization of the cooperative game model. In the collective model, no additional
assumption to the Pareto efficiency is made about the decision-making process. This means
no restriction is imposed a priori on which point of the Pareto frontier will be chosen’.
Recently, there have been empirical studies based on the collective model including Chiappori
(1997), Fortin and Lacroix (1997) and Aronsson ef al. (2001). As Vermeulen (2002) point out,

gradually, the collective approach has found acceptance in recent microeconomic theory.

In a steam of the economic researches, our model proposed in this paper is considered as the
Samuelson (1956)’s model, because the household utility function is defined as the Bergson-

Samuelson-type social welfare function. This type of household utility function is also

7 The collective model can be interpreted as an alternative process. This alternative process assumes a two-stage
budgeting decision-making. Members first divide the total nonlabour income received by the household between
them, according to some predetermined sharing rule. Once income has been allocated, all members face an
individual budget constraint. Then they choose their consumption through constrained utility maximization.
Chiappori (1988) proves the collective model and its alternative interpretation are equivalent: household
decisions are efficient if and only if a sharing rule exists. Therefore, the “income pooling hypothesis” which is
criticized in the unitary model can be accepted in the collective model, because the household income should be
allocated under some sharing rule if the collective model is assumed.
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considered as one of the special forms of the collective model as Chiappori (1992) points out”.
Thus, not like the unitary model, our model explicitly takes account of the fact that multi-

person households consist of several members who have different preferences.

2.2 Household Behavioural Models in Transport Research

The examples of group decision-making research are still rare in transport research. Although
the importance of inter-personal dependencies is recognized widely, much of the research
efforts to date have accommodated household interaction effects, at best, by using household-
level characteristics as explanatory variables in individual-level models (Surinivasan and Bhat,
2004). Recently, some studies have explored the household activity analysis with an explicit
consideration of intra-household interactions. They can be categorized into four types of
approaches from a methodological viewpoint. First approach is based on the discrete choice
model system. The studies of Vovsha et al. (2004), Bradley and Vovsha (2005), Scott and
Kanaroglou (2002), Wen and Koppelman (1999, 2000), Srinivasan and Bhat (2005) and
Srinivasan and Athuru (2005) are included in this approach. Gliebe and Koppelman (2002)
using the proportional share model of time allocation may be also included in this approach.
The second approach is based on the simultaneous equation system including Golob (1997,
1999), Golob and McNally (1997), Lu and Pas (1997), Fujii et al. (1999), Meka et al. (2002)
and Simma and Axhausen (2002). The third approach is based on the computer simulation
system. Meister et al. (2005) is included in this approach. Finally, the fourth approach is
based on the time allocation model system. Zhang et al. (2004), Zhang and Fujiwara (2005)
and Zhang et al. (2005) are included in this approach. The models in the above economics

research and our proposed model are also included in the fourth approach.

Although a considerable number of researches in transport research have analyzed the joint
decision-making of household, there still remain a number of issues that should be examined
further more. First, most of the approaches were limited to household heads only and did not
consider explicitly the other household members as active agents in the intra-household
decision making. Some researches considered the other household members but they are

limited to only couple, although the presence of a child affects significantly the household

¥ A model suggested by Samuelson (1956) includes the weight parameters given to each member’s utility which
are independent of prices and incomes, whereas a general collective model proposed by Chiappori (1988)
contains the parameters dependent on prices and wage. Chiappori (1992) calls the Samuelson’s model as a

“collective neoclassical case”.
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joint activity (Jones et al., 1983; Chandraskharan and Goulias, 1999). Second, as Meister et al.
(2005) point out, the intra-household interactions and group dynamics in activity-travel
scheduling and the utility derived from such interactions are inextricably linked to monetary
expenditures, an aspect of activity-travel engagement that is often overlooked due to the
absence of both data and a fundamental theory that links monetary expenditures to activity
travel expenditures by household members. Third, as Zhang et al. (2005) pointed out,
although the decision making process may differ between weekdays and weekend, it is rarely

examined.

First, this paper covers a household with three members: a husband, a wife and a child.
Second, we analyze the household joint allocations of both time and monetary expenditure.
Third, we compare the household resource allocations to non-work activities on a week day
with a weekend day. Fourth, we survey the intra-household interactions in two cities and

compare them.

3. Model

3.1 Household Utility Function

Suppose a household consisting of two or more than two members with a household utility
function which includes sub-utility functions of household members. Assume an individual
has a selfish sub-utility function of her/his time and expenditure for activities. We consider
the household members allocate their time and expenditure by maximizing the household
utility function under the constraints of time and monetary budgets. Then a resource

allocation of a household can be formulated as

Htlzzx I/Vn = Un (Unl (tnl > €l )’ Un2(t1127 an), . ) (la)

s.t. T,(t)<0, C,(c)<0 (1b)

where U, () is a group utility function of a household #; U, () is a sub-utility function of a

household member i in the household = t,, is a vector of time consumption of the household

member i in the household #; ¢, is a vector of expenditure of the household member i in
the household » ; T, (t) is a vector of constraint associated with the vector of time
consumption t of the household »; and T, (t) is a vector of constraint associated with the

vector of expenditure ¢ of the household #.
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In order to analyze the model, we need to specify a functional form of the utility function.
There have been a number of discussions on the types of group utility function or the social
welfare function (e.g. Atkinson, 1970; Eliashberg and Lilien, 1993; Zhang et al., 2004). First,
one of the most basic types of group utility function is a non-weighted linear function of

individual utility function as

U,(Un.U ZUm ).

The second type of group utility function is a weighted linear function of individual utility

functions as

UpUnsUpzs-) = Z W, U A3).

The third type is so-called a Rawls-type group utility function which equals to an individual
utility function with the lowest utility level as
U (Unl’U ) mln{Um} (4)

The fourth is so-called a Nash-type group utility function which is defined as a product of

individual utility functions as

U,UnsUpzs) =[] Uni (5).

ni

The fifth type is a multi-linear group utility function defined as a combination of the weighted

linear function and the Nash-type function as

U( nl’ n2s’ ) Zwm m+z anlj ni n] +Z Z ZW)‘IlijillUnjUilk+ (6)

ni nj=ni+1 ni nj=ni+1 nk=nj+1

As Zhang et al. (2004) point out, there has been no clear theory for selecting a specific group
utility function. However, there is a theoretical minimum requirement for the group utility
function. We should select a group utility function with which we can obtain a unique
solution. This means the group utility function should be a concave function (Dorfman, 1975;
Panzar and Willig, 1976). In addition to the above requirement, in order to select a specific
functional form of the group utility function, we need to assume the decision-making process
of group members. This paper assumes a household has the weighted linear group utility
function based on the Utilitarian social welfare function. The theoretical background for this
type of social welfare function is shown by Harsanyi (1953, 1955). He shows the social
welfare function should be the weighted linear function of individual utility functions, if the

individual decision-making and the social decision-making satisfy both the von Neumann-

8
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Morgenstern axioms and Pareto Efficiency under an assumption of cardinal utility. Recent
studies in labour economics often use the weighted linear group utility function (e.g.

Browning and Chiappori, 1988) for the empirical analysis of household decision-making.

3.2 Formulation of Resource Allocation for Nuclear Family

We assume a nuclear family with a husband, a wife and a child as a household. Each
household member chooses one of activities discretely while she/he allocates time and

expenditure continuously for a chosen activity.

In general, an activity can be classified into two types: an obligatory activity and a non-
obligatory activity (Yamamoto and Kitamura, 1999). The obligatory activity is defined as an
activity which an individual should engage in within a given period, while the non-obligatory
activity is defined as an activity which an individual can choose to engage in or not. In our

analysis, we classify the above two activities further more into following four activities:
(a) Non-obligatory activity:

- Out-of-home leisure: an activity with a travel such as going shopping and going
theatre.

- In-home leisure: an activity without a travel such as watching television at home and

reading books at home.
(b) Obligatory activity:

- Required activity: a productive or a learning activity such as working at workplace,

working at home and learning at school.

- Fundamental activity: a basic activity for human beings such as sleeping, taking a

bath and having meal at home.

We assume both time and expenditure allocated to obligatory activities are given and fixed,
although the time and the expenditure in the required activity may be adjusted in the long
term, for example through a change of jobs. In this sense, we can say our model is a short-

term model.

As for out-of-home leisure, we classify it further more into two: an independent activity and a
joint activity. The independent activity is engaged in by an individual alone, while the joint

activity is engaged in together with other members. We consider an individual will choose a

9
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type of out-of-home joint leisure by selecting members with whom she/he will engage the

joint out-of-home leisure.
Next, we set six basic assumptions on the choice of activities of household members:

Assumption 1: all household members participate in their household joint decision-making

process

It may be true that a too young child does not have an ability of choosing a type of activity.
However, we assume even the young child can contribute to the joint decision-making
through a discussion with her/his parents, if she or he is old enough to communicate with
her/his parents. As our empirical analysis focuses on children who learn at primary school

with an age of from six to twelve years old, we consider this assumption is satisfied.

Assumption 2: two or more than two types of activities are not engaged by an individual

simultaneously.

We assume that an individual never engage two or more than two types of activities one at a

time (monochromic time use). This is due to an independency of defined activities’.

Assumption 3: all individuals who participate in a joint activity can gain the common utility

from time and expenditure consumed in the joint activity

On the one hand, it is quite reasonable to consider the same amount of time is consumed by
all members participating in the same activities. On the other hand, it may not seem
reasonable to consider the same amount of expenditure is consumed by all members
participating in the same activities. However, we set this assumption simply because we
consider an individual consumes a kind of public goods in the joint activity. When the public

goods is consumed, the amount of consumption should be the same for all members.

Assumption 4: member’s income is pooled as a single monetary budget of a household

? Kaufman et al. (1991) examine a polychronic time use such as eating while watching television. Although our
model excludes the polychronic time use, exactly to say, it may be possible for an individual to engage in an
individual activity with other members. For example, a husband and a child go together to a same playground
and the child plays football while the husband watches it. In this case, the husband individually watches a
football game but this activity does not make sense without the existence of his child in the playground.
Extremely to say, any kind of activity can be considered as an individual activity. Thus, we define a joint activity
as the one in which two or more than two members simply go together to the same destination. We do not care
the detailed type of activities engaged in by each individual for the analytical simplification. The biases caused
by this simplification will be discussed in the final section.

10
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In reality, the household income is allocated to each household member as, for example an
individual allowance. However, it may be difficult to observe the mechanism of income
allocation. As Chiappori (1992) shows theoretically, if we use the “collective model”, we do
not need to care about the nonlabour income allocation among members. As mentioned earlier,
our model is considered as one type of the collective models. Therefore, this assumption does

not bias our model structure.
Assumption 5: an activity space constraint is not considered explicitly

The activity space availability may impact an individual activity pattern and it may be
influenced by socio-demographic factors such as an available travel mode. However, for the

simplification of the analysis, we ignore a dimension of activity space.

Assumption 6: an individual gains the utility not from the goods consumption but from the

activity

We focus on the activity rather than the goods/service consumption in modelling the
individual behaviour. This distinction makes our resource allocation analysis richer. For
example, suppose an example that a household member A purchases a goods X on behalf of
another member B. Although the goods X is the common between two members, the
individual A gains the utility from an activity of purchasing X, while the individual B gains
the utility from an activity of consuming X. As these two activities are completely different,
they cannot be considered as a joint activity. We follow an activity-based approach where
consumer’s behaviour are analysed not with the goods consumption but with the activity as
Pollak and Wachter (1975), Juster (1985) and Jara-Diaz (1998) suggest.

Then, we formulate the household joint decision-making as

maxU(U,,U,.U,)=w,-U, +w,-U, +w, U, (7a)
subject to
L L e (7b)
Z el e ooy ey ™=y (7¢)
i
(e = e = ghve = (e (7d)
"= = = = = = (7e)
>0, >0, >0, 20,M>0,Mm >0 (71)

11
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e = efe = e = e (79

==l e = = M = =M (7h)

>0, >0,¢M™20,c20,e" 20 (71)
where " andc™ are the time and the expenditure for an independent out-of-home leisure for

an individual i ; ™ and ¢ are the time and the expenditure for a joint out-of-home leisure

of all household members for an individual i ; #* and ¢ are the time and the expenditure for

joint out-of-home leisure of a wife and a child for an individual i; #“ and ¢/ are the time and
the expenditure for a joint out-of-home leisure of a husband and a child for an individual i ;

¢™ and ¢ are the time and the expenditure for a joint out-of-home leisure of a husband and a

wife for an individual i ; ™ is the in-home leisure time for an individual i ; 7; is an available

time in a day for an individual i; Y is the available household income in a day. As for an

individual i, #, w and ¢ indicate a husband, a wife and a child, respectively.

3.3 Specification of Individual Utility Function

We assume an individual utility function consists of “sub-utility functions” associated with
the types of activities and the sub-utility function of each activity is a linear function of the
“utility elements” associated with time and expenditure for each activity. We also assume the
sub-utility of in-home leisure stems from the time consumption only. Then the utility function

of each household member is shown as

ind ( ind md hwe | hwe hwc hw( hw _hw he home ( home

U, =0, (fh »Ch )+ Uy, (th »Ch ) +U, (th )+ U, (fh sch )+ U, ( ) (8a)
ind | ind md hwe | hwe hwc hw( hw hw wewe we home ( ,home

U U ( w sCyy )+ U ( w 2Cw ) + U ( w > Cy )+ Uw (w > G )+ Uw (tw ) (Sb)
ind ( ind md hwe [ hwe hwc he (. he  he we | we  we home|( home

U,=U! (C ,cl )+Uh (C ,Ch )+U (C ,ch )+U (C ,Co )+U ( ) (8¢)

where U,-a(t,-a,c,-a) means the sub-utility function of activity a (ind,hw, hc ,wc, hwe,home ) of an

individual i .
Next, the sub-utility function of each activity is shown as

vtle )=l )+ viles) (%)

12
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where Uj (t;’ ) is the utility element associated with time and U} (cl." ) is the utility element
associated with expenditure. We assume the marginal utility element with respect to time and
expenditure is decreasing following the neoclassical microeconomic theory as

ousle) ol

wiki) ., Uil ).
ot ocf (°b)

Then, we specify the utility elements as a logarithmic function as
gl )= e mfes +1) (10a)
U,@(cl-“): ag ln(cl-“ + 1) (10Db).

We add one to time and expenditure of the utility element functions. First, we add a positive
constant value to the utility element function because it goes to —o without adding some
positive constant. Second, we use one as the constant value because the utility element is
negative unless the added positive constant is one or more than one'®. As for the parameters of
the utility elements functions in equations (10a) and (10b), we assume an individual has the
heterogeneity in her/his preference with the positive marginal utility with respect to time and

expenditure. We specify the parameters as

aj = exp(ﬁf‘, x,”,) for a=ind (11a)
al = exp(ﬂf’c x,“c) for a=ind (11b)
aj = exp(ﬁﬁ‘z X§ + 5,‘;) for a#ind (11c)
al = exp(ﬁfc X4+ g,’é) for a #ind (11d)

where 0 is a vector of unknown parameters; x is a vector of individual attributes, & and &

are the independent error components which follow the normal distribution with mean zero

and variances o, and o,

ic?

respectively. These error components are introduced because the

"% In this sense, there is no reason why the constant value should be one. However, we consider it is intuitively
easy to understand a meaning of the cardinal utility if the utility level is zero when the allocated time and

expenditure are zero.

13
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heterogeneity in individual preference stems from not only the individual attributes x, but

also other unknown factors''.

Although the original formulation of household utility function shown in equation (7a) has the
individual weights w,, these weight cannot be identified through the parameter estimation.
This is because the individual weights can be incorporated into the parameter of the utility
element functions of equation (10a) and (10b)'*. Thus, we set the individual weight

parameters as ones in the parameter estimation.

3.4 Parameter Estimation

We define a Lagrange function for the optimization problem of equation (7) with the specified
functions in equations (8) to (11). Then we apply the Kuhn-Tucker theorem to them. The first

order optimality conditions include

home _ home( hom e*
Zhom e —1 ti ome (ehom e hom e eind ind || = it (ti > 0) (1 3 a)
it =g Ve Xy T Xy hom e [, hom e*
li > ¢, (tl- =0
1] <X (eind : "ind) eXp(BW : XW) £ =gl (1’7 > 0) 13b
ZV =In p it it )y i X )l . . . . ; ( )
o s explo” x 7+ exploi” x5 [ 57 (7 =0)
r i i " . P
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"' We do not introduce the error components into equations (11a) and (11b) because the random effects of the

error terms of equations (11¢) and (11d) influence them through the utility function.

'> More exactly to say, if at least one of parameters associated with the individual heterogeneity of equations of
(11) includes a constant variable, the weight parameters cannot be identified. As shown later in Table 3 and 4, in
the parameter estimation, the constant dummy variables are introduced into the parameters of some types of

activities.
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Table 1: Elements of likelihood functions by complementarity condition and by activity
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¢ :probability density function of standard normal distribution
@ :probability distribution function of standard normal distribution

where i = h,w,c and ij = he,hw,wc . For the derivation of the above equations, we assumed the

error components in the individual utility function are common if the individuals share the

time or the expenditure in the joint activity.

The elements of a household likelihood function are shown in Table 1 with the

complementarity conditions of optimality. The complementarity conditions show the

independence of allocated time and expenditure among activities. We can estimate the

unknown parameters by a maximization of the total likelihood function of all observed

households. The model shown above can be called as the non-linear Tobit model because it

considers the inequality conditions for the likelihood maximization.

4. Survey

4.1

Activity Diary Survey

In general, it is expected that the intra-household interactions vary among different cities. For

example, the accessibility to urban public service may be different in well-developed area

from in poorly-developed area. This difference may influence the activity pattern. In order to

see the difference of joint activity patterns under the different social environments, we survey

the intra-household interaction with the same survey method in two different cities. We select

Tokyo as one of the mega cities and Toyama as one of the typical local cities. Tokyo is a

capital city of Japan which is one of the largest international cities in the world. Tokyo city

area includes about 8.3 million populations in 612 square km, while the Tokyo Metropolitan
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Area includes more than 34 million people in about 13,200 square km. Tokyo has a well-
organized public transport network with a high modal share of public transport. Toyama is a
prefectural capital of Toyama Prefecture located in the Hokuriku district. Toyama city has
about 420,000 populations in 1,240 square km. In most areas in Toyama city, the modal share

of private car is over 70 % although there is a public transport network of railway and bus.

The activity diary survey was designed and conducted by a study team of the University of
Tokyo including us. We design a questionnaire sheet for a paper-based household survey on a
daily activity episode with the socio-demographic data. We prepare four types of
questionnaire sheets per household: for a head of household, for a husband, for a wife and for
children, respectively. The sheet for the head of household includes questions of basic
information on the household such as the number of household members, a structure of the
household including gender, age, job and status of household members, and the location of
residence. The other sheets for each member of household request a respondent to fill her/his
activity episodes of a work day and of a non-work day along the time schedule. The survey
days are given and fixed by the study team as 14th November 2003 (Friday) and 16th
November 2003 (Sunday). The activity episodes cover all types of activities from waking-up
in the morning to going-to-bed at night. We request the respondents to answer the time and
the expenditure allocated to each activity with the names of those who participate in the joint
activity. In the survey sheet, the activities are classified into the obligatory activity, the out-of-
home leisure and the in-home leisure. A respondent is requested to choose one of three sub-
categories for the obligatory activity: out-of-home work, in-home work and learning at school.
As for the sleep, a respondent will answer the times of waking-up and going-to-bed. The out-
of-home leisure is categorized into five sub-categories: sight-seeing, shopping, playing sports,
enjoying hobby or having meal at restaurant, and others. In addition to the type of activities,
we request a respondent to answer the travel episode when they move from one place to

another. The travel episode cover the travel mode, travel time and travel cost.

In order to distribute the questionnaire sheets to households with children, we obtained the
support from the local primary schools. In Japan, the education at the primary school is
obligatory and it covers children of six-year-old to twelve-year-old. We obtained the supports
of two local primary schools in Tokyo whereas three local schools in Toyama. First, we
requested the teachers to select the grades and the classes randomly in their schools. Then we
also requested them to explain the survey purposes and the survey methods to the children, to
distribute the survey sheets to the children and to collect them from the children. We
communicate the supporting teachers very closely in order to train them and to share the
information with them. All teachers supported our survey very positively and their devoted
supports make our survey successful and smooth. In addition to the distribution of survey

sheets through the primary schools, we distribute by ourselves the same survey sheets
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randomly through the postal mail. This is first because we expect the responding rate is too
low to analyze the activity episode only with the data through the primary schools and second
because we consider it is necessary to avoid the data bias due to the biased selection of
primary schools. In total, we distributed 318 sheets in Tokyo and 1,114 sheets in Toyama. The
reason for less sheets of distribution in Tokyo is that we could not obtain the support from
school teachers in Tokyo compared with in Toyama. Finally, we obtained 89 respondents in
Tokyo and 303 respondents in Toyama. The responding rates are about 27 % in both cities.

4.2 Socio-demographic comparisons of two cities

Figure 1 shows the distributions of ages of household heads and their spouses in the
responding households. The average ages of the heads and their spouses are 41.0 and 38.5 in
Tokyo whereas 41.5 and 38.6 in Toyama, respectively. These distributions and averages of
couples seem quite reasonable. Figure 2 shows a distribution of children’s ages in the
responding households. We carefully designed the survey with a random distribution of

questionnaire sheets in order not to collect the biased respondents with respect to children’s
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Figure 1: Age distributions of household heads and their spouses in the responding households
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Figure 2: Age distributions of children in the responding households
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age. However, the share of the children seems in proportion to their age in Toyama whereas it
seems neutral in Tokyo. This may be because the children’s ability of response and the
feasibility of parents’ support bias the distribution of children’s age. The teachers requested
the parents not to support the children’s response for a household to which the survey sheets
were distributed through their school. On the contrary, we could not request the parents
directly for a household to which the survey sheets were distributed through postal mail,
although we request the parents not to do so in the survey sheet. The respondents who
received the survey sheets through postal mail are less than the respondents who received
them through school teachers in Toyama, while those through postal mail are more than those
through school teachers in Tokyo. The responses in Toyama may reflect the children’s ability

directly whereas the response in Tokyo may not.

Next, Figure 3 shows distributions of number of children in the responding households. The

average number of children in Tokyo is smaller than in Toyama. Figure 4 shows the types of
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Figure 3: Numbers of child(ren) in the responding households
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Figure 4: Jobs of household’s heads and their spouses in the responding households
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jobs of parents in the responding households. The majority of household heads are the
employees of private companies in both cities. The share of public servants as a job of
household head is higher in Toyama than in Tokyo, while the share of self-employer as a job
of household head is higher in Tokyo than in Toyama. As for a job of a spouse of household
head, the share of in-home-worker is dominant in both cities. As our survey shows that all
husbands are a legally registered household’s head and all wives are their spouses, we will

regard a household’s head as a husband while a spouse of the household’s head as a wife.

4.3 Resource Allocation Pattern of Households

Table 2 shows the allocations of time and expenditure of the responding households. We can
examine the common characteristics of both cities. First, more than half of available time is
allocated to in-home leisure in both a week day and a weekend day. Second, the time and
expenditure allocated to any type of activity are larger on a weekend day than on a week day.
Only one exception is the time and expenditure allocated to individual out-of-home leisure of
wife, which is larger on a week day than on a weekend day. This seems reasonable because
majority of the observed wives are the housewives who can allocate more individual time on a
week day than on a weekend day. Third, the households allocate highest amount of

expenditure to the joint out-of-home leisure of all household members.

Next, we can also see the differences between two cities. First, the time allocated to in-home
leisure is longer in Tokyo than in Toyama on both a work day and a non-work day and for all
household members. This may reflect the difference of accessibility to facilities for out-of-
home leisure. Tokyo has higher density of service facilities with higher accessibility to them
than Toyama. Second, the time allocated to a joint activity of wife and child on a work day is
longer than on a non-work day in Tokyo, whereas the time allocated to a joint out-of-home
leisure of wife and child is longer on a weekend day than on a week day in Toyama. This may
reflect the difference of share of observed housewives between cities. A housewife is
expected to engage in more joint activity with her child on a week day than on a weekend day.
As the share of observed housewives in Tokyo is higher than in Toyama, this may cause the
different results. Third, the time allocated to the joint out-of-home leisure of husband and wife
is almost ten times larger on a weekend day than on a week day in Tokyo, whereas it is only
1.3 times larger in Toyama. Fourth, the husband’s expenditures for his own individual leisure

are about twice larger in Tokyo than in Toyama on both a work day and a non-work day.
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Table 2: Average allocated time and expenditure to activities

Tokyo(N=89) Toyama(N=303)
Variables Definitions unit Week day Weekend day Week day Weekend day
T-home(h) Time for in-home leisure of husband mins. 186.5 389.5 1323 307.5
T-ind(h) Time for individual out-of-home leisure mins. 314 125.5 60.1 1045
ofhusband
T-home(w)  Time for in-home leisure of wife mins. 342.7 374.4 176.8 266.2
T-ind(w) Tlmel for individual out-of-home leisure mins. 1003 408 763 45.1
of wife
T-home(c) Time for in-home leisure of child mins. 327.0 470.2 266.1 439.4
T-ind(c) Time .for individual out-of-home leisure mins. 316 59 370 613
of child
Time for joint out-of-home leisure of .
T-h . 1.0 222 42 31.1
¢ husband and child s
Towe T{me for]onllt out-of-home leisure of mins. 634 299 515 28 1
wife and child
T-hw Time for joint ogt-of-home leisure of mins. 115 109.9 125 16.0
husband and wife
Time for joint out-of-home leisure of .
T-h . 46.2 177.3 53.8 162.6
we husband, wife and child s
C-ind(h) E{cpendxture for individual out-of-home yen 20271 2136.1 1019.3 1135.7
leisure of husband
C-ind(w) E).cpendlture‘ for individual out-of-home yen 2076.1 980.6 2095.5 11502
leisure of wife
Expenditure for joint out-of-home
C-h 0.0 370.8 16.2 426.1
¢ leisure of husband and child yen
C-we Expenditure for joint out-of-home yen 7417 9623 784.1 1455.4
leisure of wife and child
Expenditure for joint out-of-home
-h 174.2 307.9 56.1 364.1
Chw leisure of husband and wife yen 7 7
Expenditure for joint out-of-home
C-hwe yen 130.3 3614.4 278.1 3258.1

leisure of husband, wife and child

Finally, we examine a correlation between the time and expenditure for all types of activities
on both days in both cities. However, we cannot find any strong correlation between them.
This is probably because we do not categorize the type of activities into details. However in
reality, the detailed types of activities vary very much. The variation in types of activities
requires different proportion of time and expenditure and this may result in the weak

correlation between them.

5. Empirical Analysis

5.1 Parameter estimation

We estimate the unknown parameters with the data of respondents of our survey. For the
analytical simplification, we assume all responding households allocate their resources as if
they would have a single representative child. If a household has more than one child, we use

the data of a child who goes to the primary school as a representative of children in the
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household. And if there are two or more than two children who learn at the primary school,
we use the data of the eldest child as the representative child. This assumption may be
reasonable if all children always behave together. However, in reality, the children who are
not a representative child may influence their household resource allocation significantly.
Thus, if we find a household which have a non-representative child who impact significantly
the household behaviour, we eliminate the data of the household from the original dataset. We
also assume the variances of error components in the utility elements are common among
individuals and among types of activities, whereas the variance associated with activity time
is different from the variance associated with activity expenditure. Travel time and travel cost
are assumed to be included in the time and expenditure of activities corresponding to the
travel. We also assume the basic period of household joint resource allocation is a day
although the households may allocate their time within two days or more, for example in the
private journey with the overnight stay. We also eliminate the data of overnight stay for the

parameter estimation.

5.2 Estimation results

Table 3 and 4 show the estimation results of the household resource allocation models of a
work day and a non-work day in Tokyo and in Toyama, respectively. The estimated
parameters show the characteristics on the marginal utility with respect to time and

expenditure associated with types of activities of each household member in each city.

First, Table 3 shows the characteristics of household resource allocation on a weekday in
Tokyo as,

- The more the number of children in the household is, the larger both a husband’s and a
wife’s marginal utility with respect to expenditure allocated to their joint activity on a

weekday is.

- The child’s marginal utility with respect to time allocated to the child’s in-home leisure on
a weekday is higher if the child is a girl than if the child is a boy.

- The older the child’s age is, the lower the child’s marginal utility with respect to time

allocated to the child’s individual out-of-home leisure on a weekday is.

- A self-employed husband not in his forties with his high allowance for a non-work day
has higher marginal utility with respect to expenditure for his own individual out-of-home

leisure on a weekday.
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- A housewife whose husband is an employee of a private company has higher marginal

utility with respect to time allocated to her in-home leisure on a weekday.

- A wife who is a part-time worker has lower marginal utility with respect to expenditure

allocated to the joint activity of the wife and her child on a weekday.

- A wife in her thirties has lower marginal utility with respect to time allocated to her

individual out-of-home leisure on a weekday.

Second, Table 3 also shows the characteristics of resource allocation on a weekend day in

Tokyo as,

- The more the number of children in the household is, the lower both the wife’s and her

child’s marginal utility with respect to expenditure allocated to their joint activity on a

weekend day is.

- The wife’s marginal utility with respect to time allocated to her in-home leisure on a

weekend day is lower if her child is a girl than if her child is a boy.

Table 3: Estimation results of household joint resource allocation model in Tokyo

Week day Weekend day
Variables Parameters associated with variables Coeffcients  tvalue Parameters associated with variables Coeffcients  t value
Variance w.r.t. time - 6.09 26.3 - 6.29 25.7
Variance w.r.t. expenditure - 3.63 240 - 5.13 24.0
Number of children C-hw(h), C-hw(w) 1.24 1.8 C-we(w), C-we(c) -0.58 -1.2
Child's sex (1:girl, 0:boy) T-home(c) -3.12 -2.3 T-home(w) -4.02 =32
Child's age T-ind(c) -0.11 -1.6 T-ind(c) -0.42 -1.5
Weekly ratio of non-work days of ¢ 1,0 o) 364 1.7 Chwe(h), C-hwe(w), C-hwe(c) 1980 68
husband
?;sband s allowance for a non-work Cind(h) 0.19 28 Ceind(h) 0.04 18
y
Dummy variable of husband's age (I (- 3 41,y 454 2.8 C-nd(h) 329 35
if in his 40s and 0O else)
Dummy variable ofhusband's job (I .y, ) 192 1.7 Chw(h), Chw(w), C-he(h) 349 22
ifemployee and 0 else)
Dummy variable ofhusband's job (I i, y ) 7 pome(n) 157 1.0 C-ind(h) 28 17
if self-employed and 0 else)
Constant for expenditure of
husband's individual out-of-home C-ind(h) 13.95 8.0 C-ind(h) 5.02 4.7
leisure
W;:'dy matio ofnon-work days of gy e 499 20 Cwe(w) 353 18
w
Wife's allowance for a week day C-hwe(w) 0.24 34
Wife's allowance for a weekend day C-ind(w) 0.08 1.3
Dummy variable of wife's age (1 if in . .
her 30s and 0 clse) T-ind(w) 0.87 1.3 C-ind(w) 5.58 4.1
Durmmy variable ofwife's Job (1 p_p g ey 185 15 T-home(c) 327 26
housewife and 0 else)
Durmmy variable of wife's job (Lif ¢ o) ¢ yeo) 524 32 Ceind(w), C-hw(w), Chwe(w) 00 27
part-time employee and 0 else)
Constant for expenditure of wife's .
C-ind 3.38 6.7

individual out-of-home leisure ind(w)
Constant for expenditure of child's .

T-ind| 3.40 1.3
individual out-of-home leisure ind(c)
Number of observation 89(267) 89(267)
Initial log-likelihood -13153.7 -14060.5
Final log-likelihood -3544.6 -4172.5
Likelihood ratio 0.731 0.703
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- The older the child’s age is, the lower the child’s marginal utility with respect to time

allocated to the child’s individual out-of-home leisure on a weekend day is.

- The more the husband’s non-work days in a week are, the higher all household members’
marginal utility with respect to the expenditure allocated to the joint activity of all

household members on a weekend day is.

- A self-employed husband in his forties with his high allowance for a non-work day has
higher marginal utility with respect to expenditure for his own individual out-of-home

leisure on a weekend day.

- The more the wife’s non-work days in a week are, the higher the wife’s marginal utility
with respect to expenditure allocated to the joint activity with her child on a weekend day

1S.

- A wife in her thirties with her high allowance for a non-work day has higher marginal
utility with respect to expenditure allocated to her individual out-of-home leisure on a

weekend day.

- A child whose mother is a housewife has lower marginal utility with respect to time

allocated to the child’s in-home leisure on a weekend day.

Third, Table 4 shows the characteristics of household resource allocation on a weekday in

Toyama as,

- The more the number of children in the household is, the lower the wife’s marginal utility

with respect to time allocated to her individual out-of-home leisure on a weekday is.

- Both the husband’s and the child’s marginal utility with respect to time allocated to their
joint activity on a weekday is higher if the child is a boy than if the child is a girl.

- The older the child’s age is, the lower the child’s marginal utility with respect to time

allocated to the child’s individual out-of-home leisure on a weekday.

- A husband with many non-work days in a week with his high allowance for a work day
has higher marginal utility with respect to expenditure allocated to his individual out-of-

home leisure on a weekday.

- An employed husband in his forties has higher marginal utility with respect to time

allocated to his individual out-of-home leisure on a weekday.
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- A housewife whose husband is employed has higher marginal utility with respect to time

allocated to her individual out-of-home leisure on a weekday.

- All household members’ marginal utility with respect to expenditure allocated to the joint

activities of all members on a weekday is higher if the husband is self-employed.

- A wife not in her thirties with many non-work days in a week with her high allowance for

a non-work day has higher marginal utility with respect to expenditure allocated to her

individual out-of-home leisure on a weekday.

- A wife who is a part-time worker has higher marginal utility with respect to expenditure

allocated to the joint activity with her child.

Fourth, Table 4 also shows the characteristics of household resource allocation on a weekend

day in Toyama as,

- The more the number of children in the household is, the higher the wife’s marginal utility

with respect to time allocated to her individual out-of-home leisure on a weekend day is.

Table 4: Estimation results of household joint resource allocation model in Toyama

Week day Weekend day

Variables Parameters associated with variables Coeffcients tvalue Parameters associated with variables Coeffcients  t value
Variance w.r.t. time 547 489 - 6.08 472
Variance w.r.t. expenditure - 3.81 443 - 5.70 43.8
Number of children T-ind(w) -0.14 -1.3 T-ind(w) 0.44 2.9
Child's sex (1:girl, 0:boy) C-he(h), C-he(c) -4.26 -3.2 C-he(h), C-he(c) -1.83 23
Child's age T-ind(c) -0.04 -1.7 T-ind(c) 0.10 31
Weekly ratio of non-work days of - 34y 12.46 34 T-ind(h) 3.92 27
husband
Husband's allowance fora work day ~ C-ind(h) 0.12 5.1
Husband's allowance for a non-work Ceind(h) 0.02 19
day
Dummy variable of husband's age (I .}, 1) 0.68 1.4 T-home(h) 222 38
if in his 40s and O else)
Dummy variable of husband's job (11}, 1) .o me(w) L.13 2.9 C-hw(h), C-hw(w) 518 58
ifemployee and 0 else)
Dummy variable ofhusband's job (1 (), c-hwe(w), Chwe(e) 220 18 C-ind(h) 252 29
if self-employed and 0 else)
Constant for expenditure of
husband's individual out-of-home C-ind(h) 5.14 5.5 C-ind(h) 4.56 9.9
leisure
x::kly mtio ofnon-work days of i) 1231 65 Cindw) 788 37
Wife's allowance for a week day C-ind(w) -0.08 -1.9
Wife's allowance for a weekend day — C-ind(w) 0.03 1.2
Dummy variable of wife's age (1 if in C-ind(w) 0.97 1.6 C-ind(w) 093 12
her 30s and O else)
Dummy variable of wife's job (1 .y ey 355 60 Chwe(h), Chwe(w), Chwe(c) s05 74
housewife and 0 else)
Dummy variable of wife's job (1if o) 1.10 12 T-home(w) 129 15
part-time employee and 0 else)
Constant for expenditure of wife's . .

C-ind 422 7.0 C-indi 1.06 1.3
individual out-of-home leisure nd(w) ind(w)
Number of observation 303(909) 303(909)
Initial log-likelihood -37856.0 -46059.2
Final log-likelihood -11799.7 -14711.3
Likelihood ratio 0.688 0.681
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Both the husband’s and the child’s marginal utility with respect to expenditure allocated to
their joint activity on a weekend day is lower if the child is a girl than if the child is a boy.

The older the child’s age is, the higher the child’s marginal utility with respect to time

allocated to the child’s individual out-of-home leisure on a weekday.

A husband with many non-work days in a week has higher marginal utility with respect to

time allocated to his individual out-of-home leisure on a weekend day.

A self-employed husband with his high allowance for a non-work day has higher marginal
utility with respect to expenditure allocated to his individual out-of-home leisure on a

weekend day.

A husband in his forties has higher marginal utility with respect to time allocated to his in-

home leisure on a weekend day.

A wife in her thirties with many non-work days in a week with her high allowance for a
non-work day has higher marginal utility with respect to expenditure allocated to her

individual out-of-home leisure on a weekend day.

If a wife is a housewife, all household members have higher marginal utility with respect

to their expenditure allocated to the joint activity of all members on a weekend day.

A wife who is a part-time employee has higher marginal utility with respect to time and

expenditure allocated to her in-home leisure on a weekend day.

Fifth, Table 3 and 4 show the common characteristics of two cities as,

A husband with more non-work days in a week has higher marginal utility
A husband with higher amount of allowance has higher marginal utility

A wife in her thirties has lower marginal utility with respect to time of her individual out-
of-home leisure

A housewife has higher marginal utility with respect to time of her in-home leisure on a

weekday.

Finally, we can find the contrastive characteristics between two cities. For example as far as

the activities of a husband in his forties on a weekend day is concerned, his marginal utility

with respect to expenditure of his individual out-of-home leisure is higher in Tokyo, whereas

his marginal utility with respect to time of his in-home leisure is higher in Toyama. This may
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reflect that the average expenditure of husband’s individual out-of-home leisure is about twice
higher in Tokyo than in Toyama. We guess that a husband in his forties in Tokyo tend to go
somewhere alone such as going golf whereas a husband in Toyama may not. As far as the
child’s activity on a weekend day is concerned, the older a child is, the lower the marginal
utility with respect to time allocated to individual out-of-home leisure in Tokyo is, whereas
the older a child is, the higher the marginal utility with respect to time allocated to individual
out-of-home leisure in Toyama. We can point out some reasons for this. For example, one is
that a family tend to enjoy the joint leisure together on a non-work day and the other is that

there is less leisure facilities such as a park for children to play out on a non-work day.

6. Conclusions

This paper investigates the household joint resource allocation with the empirical data of
activity diary survey including both time and monetary expenditure. The proposed model
considers a child explicitly in addition to its parents. The model considers not only time
allocation, but also monetary budget allocation of household. We analyze a choice of activity
duration as well as activity type. We compare the intra-household interactions between a
week day and a weekend day and between two different cities. The results of empirical

analysis show that the intra-household interactions may vary between different cities.

Although we overcome some difficulties which have been pointed out in previous researches,
we still have issues which should be examined further more. First, we assume a representative
child in a household. However, if there are two or more than two children in a household, they
are expected to behave in different ways. The assumption of a representative child may bias
the analysis due to this simplification. On the other hand, if we will develop a joint household
resource allocation model with a consideration of many children, we should use more
complicated model structure. We need to examine a trade-off between reality and complexity.
Second, we do not investigate an allocation of monetary budget among household members.
As Chiappori (1992) suggests, we may need to consider the allocation of income with an
additional model to the household resource allocation model. To develop this additional
model, we should survey the income allocation rule among the household members, but this
survey should be quite difficult. Third, we consider the time and expenditure allocation on a
day. However, an individual may allocate her/his resources in a week or more. If the resource
allocation is done in a week as Axhausen et. al. (2002) point out, we should use a weekly
resource allocation model such as Kato et al. (2006). Finally we consider a child who is old
enough to be able to contribute to the household decision-making. However, if a child is too

young to judge own resource allocation, we may need to focus on the resource allocation of
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parents, mainly a wife with a child-care such as Gronau (1976), Ribar (1992, 1995) and
Michalopoulos et al. (1992).

Acknowledgements

The original version of this paper was written in the project of the University of Tokyo. We
thank Professor Hitoshi Ieda (University of Tokyo) for his support. The paper was revised
while one of authors (Kato) stayed at ETH Zurich. We appreciate Professor Kay Axhausen
(ETH Zurich) for his useful comments on this paper.

27



Swiss Transport Research Conference
March 15— 17, 2006

References
Apps, P. F. and Rees, R. (1988) Taxation and the household, Journal of Public Economics,
Vol.35, pp.155-169.

Apps, P. F. and Rees, R. (1996) Labour supply, household production and intra-family
welfare distribution, Journal of Public Economics, Vol.60, pp.199-219.

Aronsson, T., Daunfeldt, S.-O. and Wikstrom, M. (2001) Estimating intra-household
allocation in a collective model with household production, Journal of Population
Economics, Vol.14, pp.569-584.

Arora, N. and Allenby, G. M. (1999) Measuring the influence of individual preference
structure in group decision making, Journal of Marketing Research, Vol.36, pp.476-487.

Atkinson, A. B. (1970) On the measurement of inequality, Journal of Economic Theory, Vol.2,
pp.244-263.

Axhausen, K. W., Zimmermann, A., Scheénfelder, S., Rindsfueser, G. and Haupt, T. (2002)
Observing the rhythms of daily life: a six-week travel diary, Transportation, Vol.29,
pp.95-124.

Becker, G. S. (1965) A theory of the allocation of time, The Economic Journal, Vol.75,
pp.493-517.

Becker, G. S. (1974a) A theory of marriage, Part II, Journal of Political Economy, Vol.82,
S11-S26.

Becker, G. S. (1974b) A theory of social interactions, Journal of Political Economy, Vol.82,
pp-1063-1094.

Becker, G. S. (1981) A Treatise on the Family, Cambridge, MA: Harvard University Press.

Ben-Porath, Y. (1982) Economics and the family-match or mismatch? A review of Becker’s a
Treatise on the Family, Journal of Economic Literature, Vol.20, No.1, pp.52-64.

Bergstrom, T. (1989) A fresh look at the Rotten Kid Theorem—and other household
mysteries, Journal of Political Economy, Vo0l.97, No.5, pp.1138-1159.

Bhat, C. R. and Pendyala, R. M. (2005) Modeling intra-household interactions and group
decision-making, Transportation, Vol.32, pp.443-448.

Bourguignon, F. and Chiappori, P. A. (1992) Collective models of household behavior: an
introduction, European Economic Review, Vol.36, pp.355-364.

Bradley, M. and Vovsha, P. (2005) A model for joint choice of daily activity pattern types of
household members, Transportation, Vol.32, pp.545-571.

Browning, M. (2000) The saving behavior of a two-person household, Scandinavian Journal
of Economics, Vol.102, No.2, pp.235-251.

28



Swiss Transport Research Conference
March 15— 17, 2006

Browning, M. and Chiappori, P. A. (1988) Efficient intra-household allocations: A general
characterization and empirical tests, Econometrica, Vol.66, No.6, pp.1241-1278.

Browning, M., Bourguignon, F., Chiappori, P. A. and Lechene, V. (1994) Income and
outcomes: A structural model of intrahousehold allocation, Journal of Political
Economy, Vol.102, No.6, pp. 1067-1096.

Chandraskharan, B. and Goulias, K. G. (1999) Exploratory longitudinal analysis of solo and
joint trip making in the Puget Sound Transportation Panel, Transportation Research
Record, 1676, pp.77-85.

Chiappori, P. A. (1988a) Nash-bargained household decisions: a comment, Infernational
Economic Review, Vol.29, No.4, pp. 791-796.

Chiappori, P. A. (1988b) Rational household labor supply, Econometrica, Vol.56, No.1,
pp-63-90.

Chiappori, P. A. (1992) Collective labor supply and welfare, Journal of Political Economy,
Vol.100, pp.437-467.

Chiappori, P. A. (1997) Introducing household production in collective models of labor
supply, Journal of Political Economy, Vol.105, No.1, pp.191-209.

Cheng, Z. and Woolley, F. (2001) A Cournot-Nash model of family decision making, The
Economic Journal, Vol.111, pp.722-748.

Connelly, R. (1992) The effects of child care costs on married women's labor force
participation, The Review of Economics and Statistics, Vol.74, No.1, pp.83-90.

Curry, D. J. and Menasco, M. B. (1979) Some effects of differing information processing
strategies on husband-wife joint decisions, Journal of Consumer Research, Vol.6,
pp-192-203.

Curry, D. J., Menasco, M. E. and Van Ark, J. W. (1991) Multiattribute dyadic choice: models
and tests, Journal of Marketing Research, Vol.28, pp.259-267.

Davis, H. (1976) Decision making within the household, Journal of Consumer Research,
Vol.2, pp.241-260.

Davis, H. L. and Rigaux, B. P.(1974) Perception of marital roles in decision processes,
Journal of Consumer Research, Vol.1, pp.51-62.

Dorfman, R. (1975) Note on a common mistake in welfare economics, Journal of Political
Economy, Vol.83, pp.863-864.

Ettema, D., Schwanen, T. and Timmeramns, H. (2004) The effect of locational factors on task
and time allocation in households, a paper presented at the 83th Annual Meeting of the
Transportation Research Board, Washington, DC.

Eliashberg, J. J. and Lilien, G. L. (1993) Handbooks In Operations Research and
Management Science: Marketing, Amsterdam: Elsevier Science Publishers B.V.

Ferber, R. and Lee, L. C. (1974) Husband-wife influence in family purchasing behavior,
Journal of Consumer Research, Vol.1, pp.43-50.

29



Swiss Transport Research Conference
March 15— 17, 2006

Fortin, B. and Lacroix, G. (1997) A test of the neoclassical and collective models of
household labour supply, The Economic Journal, Vol.107, pp.933-955.

Fujii, S., Kitamura, R. and Kishizawa, K. (1999) An analysis of individual’s joint activity
engagement using a model system of activity-travel behavior and time use, a paper
presented at the 78" annual conference of the Transportation Research Board,
Washington, D.C.

Gliebe, J. P. and Koppelmand, F. S. (2002) A model of joint activity participation between
household members, Transportation, Vol. 29, pp. 49-72.

Golob, T. F. (1999) A simultaneous model of household activity participation and trip chain
generation, Transportation Research Part B, Vol.34, No.5, pp.355-376.

Golob, T. F. and McNally, M. G. (1997) A model of activity participation and travel
interactions between household heads, Transportation Research Part B, Vol.31, No.3,
pp-171-194.

Gronau, R. (1976) The allocation of time of Israeli women, Journal of Political Economy,
Vol.84, No.4, Part 2: Essays in Labor Economics in Honor of H. Gregg Lewis, pp.
S201-220.

Gronau, R. (1977) Leisure, home production, and work - the theory of the allocation of time
revisited, Journal of Political Economy, Vol.85, pp.1099-1123.

Haddad, L. and Kanbur, R. (1990) How serious is the neglect of intrahaousehold inequality?,
The Economic Journal, Vol.100, pp866-881.

Harsanyi, J. C. (1953) Cardinal utility in welfare economics and in the theory of risk-taking,
Journal of Political Economy, Vol.61, pp. 434-435.

Harsanyi, J. C. (1955) Cardinal welfare, individualistic ethics, and interpersonal comparisons
of utility, Journal of Political Economy, Vol.63, pp. 309-321.

Jara-Diaz, S. R. (1998) Time and income in travel demand: towards a microeconomic activity
framework. in Theoretical Foundations of Travel Choice Modelling, T. Garling, T.
Laitia and K. Westin, eds., Pergamon, pp. 51-73.

Jones, P. M., Dix, M. C., Clarke, M. L. and Heggie, . G. (1983) Understanding Travel
Behavior, Aldershot, UK: Gower Publishing Co, Ltd.

Kato, H., Imai, M. and Axhausen, K. W. (2006) Value of travel time savings of urban private
travel: comparison of Tokyo and Karlsruhe, mimeo.

Kaufman, C. F., Lane, P. M. And Lindquist, J. D. (1991) Exploring more than 24 hours a day:
A preliminary investigation of polychronic time use, Journal of Consumer Research,
Vol.18, No.3, pp.392-401.

Kooreman, P. and Kapteyn, A.(1986) Estimation of rationed and unrationed household labour
supply functions using flexible functional forms, The Economic Journal, Vol.96,
pp-398-412.

30



Swiss Transport Research Conference
March 15— 17, 2006

Kooreman, P. and Kapteyn, A. (1990) On the empirical implementation of some game
theoretic models of household labor supply, The Journal of Human Resources, Vol.25,
No.4, pp.584-598.

Leuthold, J. H. (1968) An empirical study of formula income transfers and the work decision
of the poor, Journal of Human Resources, Vol.3, pp.312-323.

Lu, X., Pas, E. I. (1997) A structural equation model of the relationships among socio-
demographics, activity participation and travel behavior. Paper Presented at the 76¢h
Annual Meeting of Transportation Research Board, Washington DC.

Lundberg, S. (1988) Labor supply of husbands and wives: A simultaneous equations approach,
Review of Economics and Statistics, Vol.70, No.2, pp.224-235.

Lundberg, S, Pollak, R. A. and Wales, T. J. (1997) Do husbands and wives pool their
resources? Evidence from the United Kingdom child benefit, Journal of Human
Resources, Vol.32, No.3, pp.463-480.

Manser, M. and Brown, M. (1980) Marriage and household decision-making: A bargaining
analysis, International Economic Review, Vol.21, pp.31-44.

McElroy, M. (1990) The empirical content of Nash bargained household behavior, The
Journal of Human resources, Vol.25, No.4, pp.559-583.

McElroy, M. B. and Horney, M. J. (1981) Nash-bargained household decisions: Towards a
generalization of the theory of demand, International Economic Review, Vol.22,
pp-333-349.

Meister, K., Frick, M. and Axhausen, K.W. (2005) A GA-baaed household scheduler,
Transportation, Vol.32, pp.473-494.

Meka, S., Pendyala, R. and Kumara, M. (2002) A structural equations analysis of within-
household activity and time allocation between two adults, Paper presented at the 817s¢
Annual Meeting of the Transportation Research Board, Washington, DC.

Menasco, M. B. and Curry, D. J. (1989) Utility and choice: An empirical study of
wife/husband decision making, Journal of Consumer Research, Vol.16, pp.87-97.

Michalopoulos, C., Robins, P. and Garfinkel (1992) A structural model of labour supply and
child care demand, The Journal of Human Resources, Vol.27, pp.166-203.

Munsinger, G. M., Weber, J. E. and Hansen, R. W. (1975) Joint home purchasing decisions
by husbands and wives, Journal of Consumer Research, Vol.1, pp.60-66.

Nash, J. F. (1950) The bargaining problem, Econometrica, Vol.18, pp.155-162.
Nash, J. F. (1953) Two-person cooperative games, Econometrica, Vol.21, pp.128-140.

Panzar, J. and Willig, R. (1976) Vindication of a common mistake in welfare economics,
Journal of Political Economy, Vol.84, pp.1361-1363.

Park, C. W. (1982) Joint decisions in home purchasing: A muddling-through process, Journal
of Consumer Research, Vol.9, pp.151-162.

31



Swiss Transport Research Conference
March 15— 17, 2006

Pollak, R. A. (1977) Price dependent preference, American Economic Review, Vol.67, pp.64-
75.

Pollak, R. A. and Wachter, M. L.: The relevance of the household production function and its
implication for the allocation of time, Journal of Political Economy, Vol.83, No.2,
pp.255-278, 1975.

Qualls, W. J. (1987) Household decision behavior: The impact of husbands’ and wives’ sex
role orientation, Journal of Consumer Research, Vol.14, pp.264-279.

Ribar, D. (1992) Child care and the labour supply of married women: Reduced form evidence,
Journal of Human Resources, Vol.27, No.1, pp.134-165.

Ribar, D. (1995) A structural model of child care and the labor supply of married women,
Journal of Labor Economics, Vol.13, No.3, pp.558-597.

Recker, W. W. (1995) The household activity pattern problem: General formulation and
solution, Transportation Research Part B, Vol.29, No.11, pp.61-77.

Rossi, P. E. and Allenby, G. M. (1993) A Bayesian approach to estimating household
parameters, Journal of Marketing Research, Vol.30, pp.171-182.

Scott, D. M. and Kanaroglou, P. S. (2002) An activity-episode generation model that captures
interactions between household heads: development and empirical analysis,
Transportation Research Part B, Vol.36, pp.875-896.

Schultz, T. P. (1990) Testing the neoclassical model of family labor supply and fertility, The
Journal of Human Resources, Vol. 25, No.4, pp.599-634.

Simma, A. and Axhausen, K. W. (2001) Within-household allocation of travel — the case of
upper Austria, Transportation Research Record, 1752, pp.69-75.

Spiro, R. L. (1983) Persuasion in family decision-making, Journal of Consumer Research,
Vol.9, pp.393-402.

Srinivasan, S. and Bhat, C. (2004) Modeling the generation and allocation of shopping
activities in a household, a paper presented at the 83rd Annual Meeting of the
Transportation Research Board, Washington, DC.

Srinivasan, K. K. and Athuru, S. R. (2005) Analysis of within-household effects and between-
household differences in maintenance activity allocation, Transportation, Vol.32,
pp-495-521.

Srinivasan, S. and Bhat, C. R. (2005) Modeling household interactions in daily in-home and
out-of-home maintenance activity participation, 7ransportation, Vol.32, pp.523-544.

Strauss, J. and Beegle, K. (1996) Intrahousehold allocations: A review of theories, empirical
evidence and policy issues, a working paper No.62, Department of Economics,
Michigan State University, East Lansing, Mich., U.S.A.

Samuelson, P. A. (1956) Social Indifferent Curves, Quarterly Journal of Economics, Vol.70,
pp.1-22.

32



Swiss Transport Research Conference
March 15— 17, 2006

Thomas, D. (1990) Intra-household resource allocation: an inferential approach, Journal of
Human Resources, Vol.25, No.4, pp.635-664.

Vermeulen, F. (2002) Collective household models: Principles and main results, Journal of
Economic Surveys, Vol.16, No.4, pp.534-564.

Vovsha, P., Peterson, E. and Donnelly, R. (2004) A model for allocation of maintenance
activities to the household members, a paper presented at the 83rd annual conference of
the Transportation Research Board, Washington, D.C.

Vovsha, P. Glieve, J., Petersen, E. and Kopperlman, F. (2004) Comparative Analysis of
Sequential and Simultaneous Choice Structures for Modeling Intra-Household
Interactions, a paper presented at the Conference in Activity-Based Analysis, EIRASS,
Maastricht, May 2004.

Yamamoto, T. and Kitamura, R. (1999) An analysis of time allocation and out-of-home
discretionary activities across working days and non-working days, Transportation,
Vol.26, pp.211-230.

Zhang, J. and Fujiwara, A. (2006) Representing household time allocation behavior by
endogenously incorporating diverse intra-household interactions: A case study in the
context of elderly couples, Transportation Research Part B, Vol.40, pp.54-74.

Zhang, J., Timmermans, H. and Borgers, A. (2003) Utility-maximizing model of household
time use for independent, shared, and allocated activities incorporating group decision
mechanism, Transportation Research Record, 1807, pp.1-8.

Zhang, J., Timmermans, H. and Borgers, A. (2005) A model of household task allocation and
time use, Transportation Research Part B, Vol. 39, pp.81-95.

33




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


