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1. I n t r o d u c t i o n 

     The purposes of this study are to construct a labor supply 

model for wives of employee households facing part-time and full-

time employment opportunities, and to carry an empirical test using 

Japanese micro data files of the Basic Survey of Employment

Structure for the two years 1974 and 1977. The study is 

characterized by three points: (1) We focus our attention primarily 

on the labor supply behavior of married females to whom several 

employment opportunities are open. (2) Our model describes 

supplier's behavior exhibited in the decision to accept or reject 

employment opportunities. (3)Employment opportunities are 

classified according to their working hours, such as full-time work 

and part-time work. 

     (1) In most industrialized countries, for example the U.S. 

U.K. and France,a rapid increase in women's labor force 

participation ratio has been observed since the 1980's. Compared 

with those countries, however, a peculiarity appeared in Japan in 

the U-shaped trend of the aggregate women's labor ,force 

participation rate duringThe years from 1960 to 1980. In Table 1, 

we see that the women's participation ratio has actually declined 

during the years 1960 through 1975. The declining trend then 

changed into an increasing trend after 1976, and the increasing 

women's labor force participation rate is still prevalent in Japan 

at this time. 

     This difference between Japan and the other industrialized
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countries can be well understood if we divide the Japanese female 

labor force into two different categories: the one category 

consisting of household-based workers( self-employed workers and 

home handicraft and family workers), the other consisting of paid 

employees. These two categories showed different movements 

during the process of Japanese economic growth. The U-shaped 

peculiarity is thought of as combined movements of the decreasing 

househol workers and the increasing paid employees. 
        base      J

apan experienced unrivalled economic growth during the period 

before the first oil crisis of 1973. Economic growth caused a 

drastic chage in the employment structure and vice versa. At the 

beginning of the economic growth, a large proportion of workers 

were household-based workers in cottage industries and agriculture. 

For instance, in 1960 .59.2% of female workers were self employed, 

home handicraft, or unpaid family workers. During economic growth 

this figure dropped rapidly, reaching 40.2% in 1975. This is a 

common fact of economic development. At the same time the number 

of female employees has gradually been increasing. During the time 

before the first oil crisis, however, the shrinkage of the labor 

force based on the farm and in the household dominated the rise of 

paid employment in the modern sectors,. Accordingly, the aggregate 

women's labor force rate showed a decline from 54.4% in 1960 to 

45.7% in 1975. This is the downward facet of the U-shaped trend, 

and the upward trend then follows. We may think of two influences 

of the oil crisis on the Japanese female participation ratio. One
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is that the oil crisis slowed the decline of household workers. 

The other is that the crisis accelerated the growth rate of 

employees. These two influences combined into the fact that the 

aggregate women's labor force rate has continued to increase since 

the year 1975. 

     In this way, the two categories showed quite different 

movements during Japanese ecomomic growth. Therefore when we 

analyze the labor supply mechanism, these two types of job status 

must be distinguished. Otherwise the analysis will produce a 

biased conclusion. We therefore confine ourselves to the study of 

labor supply defined a employment outside the home. And we leave 

aside labor supply such as self-employment, home handicraft, and 

unpaid family workers, for the mechanism of choice between labor 

supply in household and that towards the market is still ambiguous. 

     (2) It is more difficult for employees than for self-employed 

workers to select their own working hours. We can imagine 

psychological and institutional pressures which make it difficult 

for employees to adjust working hours to their optimal ones for a 

given wage rate. The actual working hours in a day or a week are 

practically determined by the firm. The employment term is given not 

only by a wage rate but by a combination of wage rate and 

assigned working hours to which . the employees are subject. 

r Therefore suppliers . cannot adjust their hours of work for a 

particular employment term. If several employment opportunities 

having fixed wage rate and assigned working hours are available in
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the market, then suppliers may be able to select one among them.(Obi 

(1983)) In addition, from our previous analysis concerning the optimal 

working hours, by using Japanese yearly working hours data, it is 

clear that there is not as large arange of working hours in Japan 

as in the U.S. ( Higuchi and Hayami(1984) ). Furthermore, even if 

there might be a large variety of working hours which are assigned 

by firms, the turn-over cost in Japan is more expensive than that 

in the U.S. Most Japanese firms have a seniority wage system. In 

this system, the length of continuous service in a firm is 

influential in wage determination. If an employee switches to 

another job in order to adjust his working hours to the optimum, he 

must be ready for a large decrease in his wage. In Japan the turn-

over rate is very low. We can say that it is not proper in Japan 

to accept the model where a supplier selects his optimal working 

hours freely without .paying regard to turn-over cost. Consequently 

we set up a labor supply model of the framework where a wife makes 

a decision as to whether she accepts an offered employment 

,opportunity or refuses it. 

     (3) As shown in Table 2, the number of part-time workers haS 

increased remarkably under the circumstances where the employee 

participation rate was accelerating. The percentage of female non-

agricultural employees whose working hours are less than 35 hours 

per week rose from 8% in 1960 to 20% in 1983. We present the model 

to clarify the mechanism of suppliers' choice between part-time and 

full-time employment. One may also note that the bulk of "part-
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time" workers in Japan work more or less regularly and their work 

pattern is not all that different from full-time workers. So we 

assume that the working hours of a part-time job is assigned by the 

employer. In addition to these types of employment, suppliers can 

choose not to work in the market. The model demonstrates wives 

behavior concerning the choice among the three alternatives.

2 T h e-o r e t i c a 1 F o r m u 1 a t i o n 

2.1 We will consider the labor supply behavior of wives to whom 

several employment opportunities are open. We consider in 

particular the case where two types of employment opportunities are 

offered on the firm-side. In view of the present state of the 

labor market with increasing participation by part-time workers, 

we assume that employment opportunities are classified into two 

classes of full-time employment and part-time employment. Wives 

are assumed to choose one of the two types of employment 

opportunities or to choose no employment. Therefore wives have 

three alternative options, which we call the full-time employment 

option, the part-time employment option, and the no-market work 

option. Our model based on the income-leisure preference describe 

wives' labor supply behavior in this choice situation. 

    The above formulation implies discrete choice behavior. This.is 

the basic presumption of our model. The wage rates of part-time 

and full-time jobs are different. In most cases, it is observed
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that the former is lower than the latter. There. are two options 

which are specified pairs of working time and wage rate. We 

introduce into the model an institutional factor that the 

employment opportunity is offered to the supplier with a fixed wage 

rate and assigned working hours. This is contrary to the neo-

classical framework where workers freely choose the optimal length 

of time to work under a fixed wage rate. In the present model, the 

worker can only accept or reject a particular employment 

opportunity, and if several opportunities are offered then the 

worker can choose one of them taking into account utility 

maximization. 

2.2 Denoting household income by X and leisure hours by A , the 

income-leisure prefernce of the household is presented by a utility 

indicator w (X, A). To make an empirical test possible, we adopt 

the utility indicator of quadratic form in income and leisure 

hours, 

(2.1) co(X, A)= 2y1X2 + Y2 X+y3XA+ Y4 A+ 21Y5 A? 
Here the household income X consists of guaranteed income I, which 

may be husband's income and/or property income, and of wives' 

income which is zero-/ when the wife accepts the no-market work 

option. And the leisure hours is the total dispensable hours T 

minus wive's labor hours which is zero if the wife accepts the no-

market work option. The ,r's are parameters characterizing the 

indifference curve.
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     We observe that wives's labor supply behavior results in 

different decisions even if they are considered as being in the 

same condition. That is, within a group of wives facing similar 

employment opportunities and having equal husband's income, some 

wives choose employment opportunity and some wives do not work in 

the market. To describe this variation of wives' behavior, we 

introduce into the model the stochastic nature of the income-

leisure preferences. For this purpose we regard the y, as a random 

variable reflecting the variation of household preferences. 

Different households are assumed to have different values of yy 

We specify that 74 is distributed as normal with mean y
, and 

variance .62. 

(2.2) .y.4 ^,N(y4 , 6 2). 

The "structural" parameters y, , yz, y3, 'Yys, 6 are f inal objects 

of our econometric inference, while the "reduced form" parameters, 

which will appear later (2.29) as some combinations of the 

structural parameters, can be intermediate objects. 

     The firms offer the two types of employment opportunities, and 

their employment terms are indicated by their wage rate and hours 

of working. For the full-time employment option, the employment 

term is denoted by a combination of wage rate w, and working hours 

h,. For the part-time employment option, the employment term is 

denoted by a combination of the wage rate w2 and working hours h2 

For the no-market work option, we use the convention of denoting 

its wage rate and working hours by w,=0 and ho=0 respectively. We
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set an inequality h,>hzto mean that the full-time employment option 

has longer hours of work. 

     In the empirical test which follows, we identify full-time 

employment as 35 hours or longer during a normal week, and part-

time employment as less than 35 hours. For the wage rates, we see 

from our data that w,>w1. But this relationship betweenW,and WZ, is 

not always necessary for our model to be formally valid. 

      The households have three alternative options which are 

presented by pairs of variables (w, , h, ), (w2, hZ) and (wo, ho). 

Again, the household is not assumed to have a possibility of 

selecting its optimal hours of work from a continuous range of 

hours. Instead, our model assumes that the household chooses ow of the 

three alternative options depending on which yields maximum 

utility. Therefore, we will examine which one of the options gives 

the maximum. The choice of the household depends on the guarantted 

income I, the values of the wage rates, and the assigned working 

hours. These variables, I, w,, h, , wZ, h2, as well as T constitute 

a set of exogenous variables for the model. A set (population) of 

households faces these exogenous variables in common. The 

stochastic variable y,,, which is specific to each household, is 

also a determining factor of the household's decision. 

     In Fig. 1 the three options of full-time employment, part-time 

employment and . the no-market work option are illustrated as points 

a, b, and c respectively. Given the values of the exogenous 

variables, the shape of the indifference curve determines the
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utility maximizing point. For the shape of the curve depends on 

the value of Y¢ that each household has. In Figs. 2, 3 and 4, we 

present different shapes of the indifference curve, and they 

correspond respectively to three cases where the points c, b, and a 

give the maximum utility. A household which has the value of y¢ 

giving the indifference curve of Fig 2, chooses the utility 

maximizing point c or the no-market work option. Similarly, a 

household in Fig. 3 chooses point b or the part-time employment 

option. And a household in Fig. 4 chooses point a or the full-time 

employment option. 

2.3 From the graphical illustration, we turn to an analytical 

discussion, which determines the option that a particular household 

chooses, and derives the probability that a particular option is 

chosen by a set of households. For this, consider a household 

having a specific value of y4 . 

     If this household chooses the full-time employment option, it 

must hold that utility at point a is greater than that at points b and 

c, i. e. , 

(2.3) co(I+htwl, T-h1)> cv(I+h2w2, T-h2), 

(2.4) cu (I+hlwl, T-hl)> cu (I, T). 

Or, if the inequalities (2.3) and (2.4) both hold, then the 

household chooses the point a or the full-time employment option. 

By using the specification of the utility indicator (2.1), we 

solve the inequalities in y , to obtain

-9-



(2.5) y 4<(I(m-n)+(i-j))/(hl-h2), 

(2.6) y4<(Im+i)/h1, 

where 

               m=h1(y lw1-y3), n=h2( y lw2-y3), 

(2.7) i= 2 ylhlwi+ y2hlwl+y3hlwl(T-h1)- y5hl(T-2 hl) , 

             j= 2 y 1h22w22+72h2w2+y3h2w2(T-h2)-y5h2(T- 2h2). 
We see that a household having the value of Y which satisfies (2. 

5) and (2.6) chooses full-time employment. We denote the right 

hand sides of (2.5) and (2.6) by A and B respectively. 

     In a similar way, for a household choosing part-time work, it 

must hold that 

(2.8) co(I+h2w2, T-h2)> co(I+h1w1, T-hi), 

(2.9) co (I+h2w2, T-h2)> c (I, T), 

or equivalently that 

(2.10) y 4>A, 

(2.11) r 4<(In+j)/h2. 

we denote the right hand side of (2.11) by C. If a household has T, 

satisfying (2.10) and (2.11), then the household chooses the 

part-time employment option. Similarly again, for a household 

choosing the no-market work option, we have
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(2.12) co (I, T)> ca (I+hIwl, T-hl), 

(2.13) w (I, T)> cv(I+h2w2, T-h2), 

or the equivalent inequalities 

(2.14) ; 4>B, 

(2.15) y 4>C. 

Conversely, a household which has r4 satisfy .ing (2.14) and (2.15) 

chooses the no-market work option. In this way, the choice of 

households depends on the value of y4 . These are considerations of 

the behavior of a single household with a specific value of y4 . 

     We. then consider the behavior of households as a whole. And 

the question will be what proportion of a set of households chooses 

a particular option. To begin, we obtain the equations, from the 

definitions of A, B and C, 

(2.16) A-B={(Im+i)h2-(In+J)hl}/hl(hl-h2), 

              B-C={(Im+i)h2-(In+j)hl}/hlh2 

Since hl-h2 is positive and the same expression appears in the 

brackets of both equations, we find that the sign.of (A-B) and.the 

sign of (B-C) are the same. Therefore, we have two possible 

relationships between A, B and C, 

              case 1 A? B Z C, 
(2.17) 

              case 2 A < B < C 

irrespective of the values of exogenous variables and the 

structural parameters included in A, B and C. 

     Suppose for the time being that the case 1, A ? B ;i>= C, holds; 

then there is no y¢ such that the inequalities (2.10) and (2.11) are
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satisfied simultaneously. Therefore there cannot theoretically 

exist any household choosing the part-time employment option. We, 

however, actually observe the existence of households working part-

time. So we cannot maintain that case 1 holds in reality, and we 

proceed with the discussion under the condition of case 2. 

      Under case 2, we can find, within the range of y4-

distribution, a value of 'Y4 satisfying (2.5) and (2.6), another 

value of, y4 satisfying (2.10) and (2.11), and still another value of 

Y. satisfying (2.14) and (2.15): Within the range of the 

distribution of Y4 , we take a value of Y4 such that 

(2.18) y 4<A. 

For this value, we see that 

(2.19) 'Y 4<B and Y 4<A, 

under case2, i. e. , the inequalities (2.5) and (2.6) are 

satisfied. Therefore a group of households, which have y, less than 

A, chooses the full-time employment option. Next we take, from the 

range of distribution, 

(2.20) A< y4<C. 

Then we see that, under case 2, 

(2.21) y 4>A and y 4<C , 

Therefore a group of households which has Y4 satisfying (2.20) will 

choose the part-.time employment option. Similarly, we take a value of 

y 4such that 

(2.22) C< '>' 4'
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Then we have, under case 2, 

(2.23) B< Y 4 and Y 4<C , 

Households which have Y; satisfying (2.22) will choose the no-

market work option. For households having y4 equal to A, full-time 

employment and part-time employment are indifferent. But this 

probability is zero under the continuous distribution. A similar 

argument applies when 7¢ is equal to C. 

     We now define the probabilities P1, P2and Po such that a 

particular household chooses full-time work, part-time work or no-

market work respectively. In other words, Pi, for instance, is the 

probability that a certain household drawn from the population is a 

household choosing full-time work. 

    From the previous discussion, we obtain 

          p, = f~f(y4) d'v4, 

(2.24) P2=             fC A f('Y4) dy4, 
= f PO C f(y4) dy4, 

where f(ry) is the probability density function of Yg . Using the 

normal specification (2.2), we can write 

          P1 ,1 (X)dz, 

(2.25) P2= Y (X)dz,                   1~ 

          Pt= y J0(X)dz.                  j
where 

              Y 1=(A- y4)/ 6 

(2.26) Y O=(C- Y4 )/ 6 

           O(z)=exp- 2 z2/ 4 
                                      -13-



Based on the utility maximization principle., we obtain the solution 

which shows that the probabilities P1, Pt and Po are determined by 

thresholds Y1 and Y0 which are explicit functions of the set of the 

exogenous variables and of the structural parameters, as shown 

in Fig 5. 

     From the definition (2.7) of a, n, i, and j, and from the 

definition of A and C, we write out (2.26) in the form 

(2.27) Y = Y 0                      Y 1 =Z ir . 

Here 

(2.28) 1 1 0 0                  0 0 1 I , 

               7r ('rC 00 •1r 01 1r 10 1r 11 ) 

and furthermore the reduced form parameter is given by 

(2.29) ~r =, 8 

where the structural parameter 8 and the matrix are given as 

              8= (yl/6 , r2/6 ,y3/6 ,y4/6 ,y5/6) , 

(2.30) 2 h2w2 w2 w2(T-h2) -1 2 h2-T 
            w 2 0 -1 0 00 

          h2w2-h2w2 h w -h h w (T-h1) -h (T-hh +h           1 1 2 2 1 1 2w2! l 1 1 2w2 2)
- _ 1 1 2_T 

     X= 2 hih2 hl-h2 hl-h2 2 

          h1w1-h2w2 
0 -1 0 0             h

1-h2
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We can rewrite Y in the form, from (2.29) , 

(2.31)' 

where L =LL The equation (2.27) corresponds to the estimation of Zr , 

and the equation (2.31) corresponds to the estimation of ,~ . 

 From (2.25), we obtain 

          ?P0/ 8I=-% (Y0)i01' 
C2.32) aP

1/ aI=X(Y 1)1r ,                         11 

           a P2/ a I=/( Y0)'r01-0 (Y 1)'r 11' 

Since is the normal density function and positive, we see that 

(2.33) a P0/2I >0 or 2 (P1+P2)/ a 1<0, 

           a P1/ a I<0, 

if ir01 <0,and lril<0, respectively. Therefore, the. effect of 

increasing I to the labor supply probabilities Po,P1, and P2 

depends on the parameters zr,, and icll . Recalling Douglas Law of 

labor supply which says that husband's income affects wife's 

labor supply negatively a Pa/ a I >0, it is interesting to see whether 

the estimated values of the parameters are of negative magnitude. 

2.4 The model presented above is subject to empirical implementation. 

Our empirical test is'twofold with respect to the data used; one using 

cross-sectional data ranging over households where the exogenous 

variables w1, w2, hl and h2 for-instance, in the matrix X, are 

considered to be constant and the guaranteed income I varies over the 

households, the other using pooled data consisting of sets of cross
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sectional data at two time points, where the exogenous variables 

at the two time points are different. In the cross sectional analysis 

we estimate the parameter ,1r, which is of interest in view of (2.32). 

In the pooled data analysis our aim of estimation is the parameter0. 

2.4.1 Let the cross sectional data at a single time point be 

grouped into K income classes according to the value of I. Let the 

k-th income class ha~ 11, for the guaranteed income. For the k-th 

class, three probabilities are, from (2.25), given by 

       P = Y1k X(x) dx 
          I k o0 

(2.34) P = YOk ,(x) dx 
        2k Y1k 

     POk= f Y )1(x) dx 
              Ok 

where 

               YOk Z
kir, 

(2.35). Y 1k 

            1 Ik0 0 

        Zk= 0 0 1 I
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Here, assuming that the households within the cross section are 

offered the common set of employment terms denoted by (w1, hi) and 

(w2 , h2), we may say that the matrix X is constant for every 

household within a particular population, and that =X0 is 

considered to be a costant parameter. This assumption is 

reinforced by our data control: We apply the model to cross 

sectional data of approximately uniform households, since we 

classify the original data to obtain a sample set being in the 

uniform condition in terms of wives' age, wives' educational 

career, and the age structure of children. These attributes might 

be correlated with the wage rates and working hours. By 

controlling the sample, the wives within the cross section are 

expected to have almost the same age, same education, and children 

of the same age. 

     Letting .PJc =[P~k Pik ] , we see that P , . . . , PK determine Yi , 
         YK uniquely, since the normal integral (2.34) is a one 

to one transformation when 0<Pok <1 and 0<Plk<l. And the 

correspondence between Y1 , . . . YK and i is written as 

(2.38) Y x= 1 = 1 Tr Zir . 
             yK ZK 

Therefore if the rank of the matrix Z' is 4, thenY.i, . . , yK 

determines ir uniquely. If the matrix 

(2.37) Zo = 1 ... 1 
                            I1... IK
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is of full rank 2 then Zv is of rank 4. Thus the parameter it is 

identifiable if the number of income classes is larger than 2 and 

if no collinearity is present in the matrix Zo. 

     Although iris uniquely determined, the equation (2.29) cannot 

determine the five dimension vector 0 X , since the rank of X is at 

most 4. We can estimate it but no t0 when a cross section at a 

single time point is used. 

2.4.2 Estimation of 8 is possible if cross sectional data is 

available for at least two time points. We use cross sectional 

data at time t=1 and 2. Both cross sectional data are grouped 

according to the guaranteed income IkL for time t=1, and according 

to Iya for time t=2. Here ki runs from 1 to Ki and k2 runs from 1 

to K2, K1 and K2 being number of income classes. The employment 

terms, w's and h's, are different at each time point and are 

denoted by (wt , hl ) and (w2 , hZ ) for full-time employment and 

part-time employment respectively. 

     From (2.25) and (2.27), the labor supply probabilities for 

the pooled data analysis are given by
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(2. 38)

P lkt

p 2kt

P
Okt

1 

l 

1

ylkt 

   i(z) dz, 00 

YOkt 

   ~(z) dz, ylkt 

00 

 ~(z) dz, YOkt
k=1,..., Kt, t=1,2

for the household in the k-th income class at time t. 

(2.31), we can write 

(2.39) . y = y Okt = Y 9             kt ly 1kt ̂ -kt 
where Ykt = Zkt Xt• 

(2.40) Zkt = 1 Ikt 0 0 

                Lo 0 . 1 Ikt 
and Xtis obtained by suffixing t to the variables w's 

the matrix X If we write out (2.39), we get

Here,

and

from

h'-s in
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             .I1 . 11 

(2.41) Y= YK11 = YK11 A L,. , 

                  l2 Y12 

                Y K
22 YK22 

where 00 
Z 

(2.42) Y** = Z**X** Z**= Zi 0 Z*= :1t and X*= X1 
                        0 Z2 t ZK

tt/ -X2 
In a way similar to the identifiability discussion for the cross 
sectional analysis, we see that the identifiability of the 
structural parameter 9 is dependent on the rank of Y                                                           01 

If Z t defined analogously to (2.37) is full rank for t= 1, 2, then 
Ziand ;Z both have rank 4. And consequently Zahas rank 8. In our 
designing the matriz,X its full rank is assured. Therefore Y is of 
full . rank unless nuisance collinearity appears after multiplying Z 

and X
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     files 

years 19 

limited 

weak poi 

from the

2.5 The survey is conducted every three years throughout the 

country and a sample of some 800,000 individuals or 300,000 households 

is collected. One of the advantages of this data set is that 

because of its large size one can disaggregate the sample 

quite finely in order to control the effects of compounding 

factors. The other advantage is that the survey contains 

extensive questions to investigate the labor force status of 

respondents so that the survey provides rich information for labor 

supply analysis. 

     The basic data we used are the micro-level household data 

files of the Basic Survey of Employment Structure. We used the 

data            of the Basic Survey of Employment Structur

74 and 1977 . On the other hand, the survey gives 

information on wage rates. We therefore supplemented 

rat by utilizing rich information on wage structure 

Basic Survey of Wage Structures conducted ever

the Ministry of Labor. 

      Samples were taken only from households whose h 

employees, and also without parent(s) of household's head 

spouse living together. This set of samples was then s 

into 32 different types classified by (1) age of wives; 2 

39, 40-49, 50-59, (2) education of wives; junior or senior 

school, (3) age composition of children; four groups depen 

whether the family has children in the age range of 0 to 

6 to 14. Each of the 32 groups of households was then c 

into 15 cells according to the income class of the househ 

We then find for each cell the following variables; sam 

employees, full-time employees, non-labor force people, 

average real income level of household head. The Basic 

Employment Structure does not have information about p 
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income. Then let us presume the income of household head as 

guaranteed income I. When the sample size i n a c e 1 1 i s l e s s 

than 100, we did not estimate the parameters in these groups of 

households. As a result the values of the parameter of 13 groups of 

households, as shown in Table 3, were estimated. Every household 

within a household group is assumed to face common employment terms at 

a single time point. 

  We attempted estimation of parameters in two different steps, as 

explained before. The first step was, using cross-sectional data 

files for 1974 and 1977 separately, to estimate the reduced form 

parameter - The second step was to estimate the 

value of the structural parameter 0 's using the pooled data sets for 

year 197.4 and 1977. Pooling data sets for two years enabled us to 

    conduct direct estimation of 0 's since the variation of values f 

or h's and w's across different years helped to satisfy the identifia 

bility condition of the system.
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            3 Statistical Methods 

3. 1 Here we concider the statistical procedures for measuring the 

parameter ir by using cross sectional at a single time point, and 

the parameter 0 by using two sets of cross sectional data. For the 

cross sectional estimation, we classify the data concerning N 

households into K income classes according to the values of 

guaranteed income I , k=1, . . K. By N we denote the number of 

households in the k-th class. Suppose that, among N households, L 

households choose the full-time employment option, S households 

choose the part-time employment option and M households choose the 

no market work option, where N =L +S +M . 

The probability that this event occurs is given by the trinomial 

distribution, 

(3.1) 

       Nk! Lk Sk Nk K 
Fk= L

k! Sk! Mk! P1k P2k POk , k = 1 , 

  where Plk / P2k and POk are given by (2.34). The observed ratios 

      Plk=Lk / Nk
, 

(3.2) p2k= Sk / Nk 

      Pok= Mk /Nk =(1-folk p2k) 

or the labor force participation ratio for each employment 

opportunity, are the observed couterpart of P,k , P2 and Pck . If the 

probability distribution Fk applies to the k-th imcome class, we 

obtain, under the stochastic independence assumption, the 

likelihood function F for cross sectional date at a single time 

point, 

K 

(3.3) F = 7 Fk 
                       k=1
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To get the Maximum Likelihood Estimate of ir, we solve this equation 

using the scoring method. The scoring method is an interative 

procedure presented as 

(3.9) (i+1) _ G )+ L( ~(i)j1 akF 
~i=1,2,....                                     ai _  wh

ere I(;r) is the information matrix given as 

(3.10) I( ir ) =-E a 'D 
.1r, Zk QklZk,                              ti k=r 

 and it is the (i+l)-St approximation to the MLE. To obtain the 

initial value it , we linearize the likelihood equation. First we 

define ok by 

        ~lk qb (X) dx= p 
(3.11) -C Ok, 

      f Ok (X) dx= p1k 
The 'Jk is approximation to yK. Then by Taylor expansion we obtain 

(3.12) Pk° Pk+ (vk)0k -yk)• 

Therefore 

(3.13) "o k = ~k - Ilk Zkir , 

The linearized likelihood equation is, by substituting (3.13) into 

(3.8) , 

(3.14) 0 = E ZkSZ k p k= E Zk 0 k Jk- 7 Zk SZ I Zkl. 
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We use this linear equation in ir to obtain the initial value ir, 

(3.15) ir (1) _{1 ZkSZk1Zk 1~E Zk SZk k' 
For actual calculation of (3.15) we substitute the directly observed 

p,, and ,1. derived by (3.11) in the place of P, and Y., see (3 4) and 
                                                                      ci) 

(3.6). That is ,pk and 'J are the "o-th" approximation to ° and yk. 
      Once it is calculated for we calculate yK~and p , using 

               y(')= Z 7r (1) 
                                                              -1-

              k k , (3.16) (~) 
f)             ( I*) y lk ( f o0 

               P = (x) dx, P = 0 (x) dx , 
                    ok - 00 1k yCI

ok 

to be substituted for yk and .-P,, which are necessary for the 

(i+1)-st iteration. 

A change of the teration process is defined as 

(3.17) d(i+1)= I 7r ir (1) / yr (1) I 
                         (iii) (i•*l) f

or each element of it When the change d becomes less than 1/100 for 

every element ofir, we stop the iteration process and consider the 

last value as the MLE of it . 

   We use the classical results concerning the asymptotic property 

of the MLE, since the regularity condition applied to the non-

classical framework of the present model is yet uncertain. 

Therefore we consider that the MLE is asymptotically normal with 

means and covariance matrix equal to the inverse of the information 

matrix I( ir). And our significance test is conducted based on the 

normal distribution. For the goodness of fit test, we use Person's X 

statistic.

-26-



  (3. 18) 2 M -N
kPok2 L -N P 2 S -N P 2        X = c( k + (_k k lk) +` k k 2k) 

             k=1 Nk POk Nk P1k NKP2k 

-

             ~k k Ik 1 ~0, k, 

  where Pk is the prediction evaluated by using the MLE, see (3. 16). 

The 7X2, in the classical framework, is known to be distributed as the 

Xz with degrees of freedomn equal to the number of independent cells 

minus the number of the estimated parameters, i. e. n=(3-1)K-4 . 

3.2 We estimate the parameter 0 using cross sections at two time 

points t=1, 2, without introducing any complicated stochastic 

structure for combining the cross sections. The cross sectional 

data at time t has Kt, income classes, the guaranteed income of the 

k-th class being Ikt and the number of households in the k-th class 

being N,rr for each t. Let Ltt, , Sz~ and M,.r be respectively the number 

of households choosing full-time, part-time, and no-market work 

option, where Nkt Licr +Skr+Mkt. The likelihood funtion for the 

single cross sectional data is 

       * Kt Nktl Lkt Skt Nkt (3
.19) F - P P P t=1,2         (t)- F=1 Lk_r S T i9 )CT lkt 2kt Okt 

where Ptk.t , P2,, and Pcht are given by (2. 38). The likelihood 

function for the pooled date is a simple product, 

 (3.20) ` F*= F(1) • F(2)
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under the condition that the data sampling for both 

is conducted independently. The likelihood equation 

a straightforward differentiation of F1 with respect to 

(3.21) a In F - ) In F (1) + a In F(2) 
          a e ae ae

  2. i 'D -1 
N  t

=1 k=1 3Z9 ^- kt kt

p 
70k t 

Plkt

Plkt

_P2kt Y
2kt 

P2kt 

P2kt

=0 .

cross sections 

is derived by

Here

(3.

are

   P1kt=Lkt /Nkt' 

22) P2kt=skt IN kt' 

   POkt=Nkt /Nkt 

direct estimates of

 kt

 (pOkt 

0

P;kt 1, PZht and 

0 

   (plkt) ~

Pohc , and

(3.23)

a Xkt _ ' 
a8 Ykt

If we let

r kt
1 

Nkt

POkt(1-POkt) -Pokt1

-P1kt1Okt

lkt

P1kt(1-P1kt
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(3.24) 

                     1 pOkt POkt              %
kt= tkt             [Plkt Plkt 

             kt = kt £kt kt , 
we can rewrite the likelihood in the form 

(3.25) 0= 2 t Y' -1 
                  1 k=1 lkt kt ~° kt 

    The scoring method to solve( 3. 25), using the information 

matrix 

(3.26) 1( e) = ~2 E t . Ykt kt Ykt '                           t=1 k-1 

is given by 

(3.27) A (i+1) _ ~(i) +~., (i) jl a F 
2 

The initial value 0 is derived similarly to (3. 13) and (3. 14), 

(3.28) 0 = ( 1 E Ykt 2kt Ykt)-1( Ykt 2 -1                                             kt kt )                    k F, 

where ~ki = [ ~okt llkt J are defined by 

      S ' Ikt 4 (x) dx= p             -00 Okt , 

(3.29) f0o 
       3JOkt ¢' (x) dx= Plkt, 

For the calculation of(3. 28), we need the value of Qktor its 

elements, Pokt ' P1kt 9 and yckt ylkt • Their "O-th" approximation 

' plkt a*J Jokt' 31kt are substituted.

as

pokt
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  Once B , i?1 is obtained, we calculate ,!,., and Pckt, P1kt.using 

(3.30) y'kt) =Ykt (2) 

      P(i) = J7ikt(i) 0 (x)dx, P (i) _ 00 (i) 0 (g)ds,          Okt - CO lkt yok
e 

to be used in the (i+1)-st iteration. When the change of iteration, 

defined similarly to (3. 17), becomes less than 1/100, we stop the 

iteration process. 

  We apply the classical analysis on the property of the MLE to our 

significance test. In certain regularity conditions, the MLE is 

asymptotically distributed as normal with the mean 8 amd the covariance 

matrix equal to the inverse of the information matrix, I( 8 ) . 

The regularity condition for our non-classical case is yet uncertain. 

  The goodness of fit test is performed using Pearson's X2, where 
 2 2 2. 

X Xi+ XL 

(3.31) Mkt -NktPOkt . Lk-NkPlkt 2 sk -NkP2k "L 

             t=j k=i 
               NktpOkt NktP1k NktP2k 

being defined similarly as (3.18) in our case.In the classical case 

Xz is asymptotically distributed as XZwith degrees of freedom n=the 

number of independent cells minus the numberof estimated parmeters, i.e. 

 e. n=(3-1) (Kt+Kz)-5. 

   From the viewpoint that the statistical inference relies on the 

classical results for the asymptotic property of the MLE and the X2-

statistic, it should be mentioned that the conclusion is not decisive.
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      4.Estimated Results 

4. 1 Cross Sectional Analysis 

    The results of estimation by using cross sectional data sets 

for years 1974 and 1977 separately are shown in Tables 3 and 4. Two 

of criteria are used for testing the estimated results: statistical 

criteria and criteria referring to the sign of parameters. 

    Let us begin with statistical tests. The two test statistics, XZ 

and the significance-test statistic, both explained in section 3, are 

shown in Tables 3 and 4. Figures in the last row indicate the 

magnitudes of XZ and those in parentheses the magnitudes of the 

significance-test statistic. Asterisks attached to figures denote 

statistical level of significance in hypothesis testing. ** and * 

respectively correspond to 0.5% and 5% levels. 

    According to the results for 1974 (Table3), our model cannot be 

rejected in the goodness of fit test (XZ test)at the 5% significant 

level in 11 household types of 13. We have the same estimated 

results for 1977 (Table4). Furthermore, the results of the 

significance test show that 48 parameters of 52 in 1974 and 45 

parameters of 52 in 1977 are significant at the 0.5% level. 

Consequently , we conclude that our model satisfies the statistical 

criterion in the case of estimation by using cross sectional data sets 

separately. Next we will consider the criteria referring to the 

estimated parameters. Empirical studies on the supply of labor began 

in the 1930s with the pioneering work of Paul Douglas(1934). Since 

then, many researchers have carried out empirical analyses of labor
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supply. Their empirical findings make it clear that (1) the 

participation rate of married women behaves as a decreasing function 

of husband's income, and (2) it behaves as an increasing function of 

own wage rate offered by the firm. Because these findings are very 

stable and can be widely across many countries, we adopt this well 

documented evidence as the empirical criterion to which the estimated 

result should conform. In the case of estimation by using cross 

sectional data; since we cannot estimate the structural parameter, it 

is impossible to test whether our estimated reduced parameter, 

implies that own wage rate exert a positive influence on the female 

participation ratio. 

   The first empirical criterion, the negative effect of husband's 

income on the female participation ratio, depends on the sign of 

estimated parameters irp, and 1r,, in our model, as derived from 

equations (2. 32) and (2. 33). If they have negative signs, our model 

coforms to the criteria. Tables 3 and 4 indicate thatira, and 'rr,, 
are negative and significant at the 5% statistical level in every 

household type except E type for 1977. It can be ascertained that 

our model satisfies the empirical criterion on the estimation by 

using the cross sectional data at a single time point, too. 

4.2 Analysis of Pooled Data Sets 

Pooling the data sets for more than two years enables us to 

estimate directly the structural parameters,,-Q, The estimated 

results by these date, as shown in Table 5, are quite poor. Of 13
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types of householdes for which we are able to conduct estimation, 

our model passes the goodness of fit test in only 2 types, D and G. 

In the remaining 11 types, the model does not have sufficient 

explanatory power. 

  Furthermore, a simulation by using the estimated parameter from 

pooled data sets indicates that our model does not conform to the 

empirical criterion in 11 types of households except typesA and B, 

and that the increase of own wage rate makes the predicted values 

of participation ratio decline. 

  From the view points of both statistical and empirical 

criteria, we have judged it necessary to modify our model in order 

to explain the pooled data sets. What causes the model to lose the 

explantory power for the pooled data sets? And what kinds of 

variables should be introduced to the model? 

  To find new variables fobe introduced into modified model, Figure 6 (A) 

exhibits the household head's income on theohorizontal axis and the 

observed values and theoretical values of full-time paticipation 

ratio on the vertical axis. The theoretical values are predicted 

by the estimated parameters in Table 5 and the actual values of the 

exogenous variables. 

  The line which shows the observed relationship between the 

participation ratio and household head's income shifts upward 

from 1974 to 1977 substantially. Namely, the female participation 

ratio rises rapidly even holding household head's income constant. 

In the model, we tried to explain this situation by the increase
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of her own wage rates and changes of assigned working hours. 

Depending on estimated parameters, however, these variables can 

explain only a small part of the increase in female participation. 

As a result, we have overestimated values in 1974 and 

underestimated values in 1977. More interesting is that the gap 

between observed values and theoretical values is different among 

the household head's income classes. It is relatively wider in the 

higher income classes in 1974 and in the lower income in 1977. 

These situations are common to most types of household. 

  Taking into consideration these facts, we have to select a new 

variabletobe introduced into the model that satisfies the following 

two criterion: (i) It causes the participation ratio of wives to 

rise in 1977, (ii) It makes the slopes of the curve which indicates 

the relationship between participation ratio and head's income 

steeper in 1974 and gentler in 1977. 

4.3 Modifying the Model by Introducing an Element of Habit 

Formation 

    In the previous sections, since we have not included any 

variables other than household income and leisure hours in the 

utility indicator, it has been assumed that the shapes of the 

indifference curve in the income-leisure preference field, or 

exactly speaking their distribution among households in the same 

type, are fixed and constant in 1974 and 1977. Observing the 

estimated results by using pooled data sets, however, we cannot
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  help but doubting this assumption. It seems necessary for us to 

  introduce same variables into the model which will vary the shape 

  of the indifferece curve systematically.Taking account of the 

  previous two criteria, we will try to find the systematic factors 

  other than age of wife, her educational career and age composition of 

  children, which were already controlled in our model. 

       Now, let us refer to the study of consumption. Many studies of 

 consumption have pointed out that the element of habit formation is 

  one of the key variables that yields consistent explanation for long-

  run time series consumption data and cross-sectional data. The 

  relationship between h,pusehold income and consumption is usually 

 observed to be different in long-run time series data and cross-

  -section data . Many researchers have tried to give a consistent 

 explanation for both of them. J. S. Duesenberry(1948) succeeded in 

 explaining both of them by introducing the habit formation effect 

  intothe preference indicator. It was proved that household preferences 

 were influenced by their consumption history, and propensity to 

 consume was determined by the highest income level of the household 

 in the past. Since then, H. S. Houthakker and L. D. Taylor(1966), K. 

 Tsujimura(1968) and many other researchers have confirmed that the 

 habit formation hypothesis is useful to fill the gap between time-

 series analysis and cross-sectional analysis. 

   In this paper, the habit formation hypotheses is applied to labor 

 supply analysis and tested empirically. The pattern of consumption 

 formed on the basis of a certain level of income cannot be changed
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even though income level changes in the short-run and the gap 

between expenditure and income is made up by additional income 

earned by marginal workers in the household who are primarily 

housewives. This effect can be quite large if we include as an 

element of consumption expenditure payments for long-term housing 

loans. When families experience a certain period of rapid income 

growth, they naturally build a long-run expectation for income 

growth, and this effects not only their pattern of daily consumption 

but also long-term investments such as housing. Thus, the definition 

of "necessary" expenditures is directly related to the stage and pace 

of economic development. In early stages of economid development, the 

definition of "necessities" may include only food, housing, clothing, 

etc. As economic development proceeds the definition expands to 

include a greater variety of consumption goods. Once these 

expectations and consumption patterns are built, they cannot change 

easily in response to short-run changes in income. Thus they tend to 

affect decisions of household labor supply and consequently are 

reflected most sharply in female labor supply. 

  Taking into account these points, we should remove the previous 

assumption that the form of the indifference curve is permanent, 

and instead of it, say that the indifference curve is able to be 

transformed by introducing a habit formation term. 

   To begin, we shall define the habit formation variable, H, along 

the lines of Tsujimura's consumption study(1968) by
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(4. 1) 

            Hkt=Xi                     ks, 

where Xks is the real household income of the k-th income class in 

s year. The equation implies that the. habit formation term is 

represented by the accumulated real household income counted from 

year 1973 up to the year prior to the year of observation, or (t-1)-st 

year. 

  The form of the utility indicator is modified from equation (2.1) 

to the following equation, 

   (4.2) co (X , A )= 2 Y1 X2+(x+AS H) X + Y3XA+ r4 A+ y5 A 
Equation (4.2) is different in the term of the first-degree of income 

from (2.1). 

 Under this specif ation, (2. 35)and(2. 36)must be rewritten by 

1

(4.4) pkt= 

  where 

  ^kt 

(4.5) ir 
       ^- t

yOkt 1 
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X=

 h2tw2t/2 w2t 0 w2t(T-h2t) -1 2 

    W2 0 0 -1 0 

   0 0 w2t 0 0 

 h2 w2 - h2 w2 h w - h w h 1t (T-h )-h ~+ (T-"2t-' h   it It 2t 2t . It It 2t 2t It it 1t 2t 2t It 
  2(hit -h2t) hit-h2t 0 hit-h2t -1 

 hltwlt h2t w2t 0 0 -1 0 
    hit-hzt 

     0 0 hltwlt h2tw2t 0 \ 
hit-h2t 

The marginal utility function of income is proved to be(4-6) under the 

utility indicator formulation (4. 2) 

(4. 6) D ca /3X =of+,6H+y3 A+ -y IX 

The estimated parameter .8 is expected to have a positive sign,because 

the habit formation effect must raise the marginal utility of income 

If this condition is satisfied, parameters, irczt and vr12, have 

positive signs, too. Comparing the values of H for the same income 

class k in 1974 and 1977, it is clear that in 1977 it is larger than 

in 1974, from equation (4. 1). Consequently, yokt and y1kt must rise 

in 1977 ceteris paribus, and this implies that the full-time 

participation ratio and total participation ratio become higher in 

1977 than in 1974. It satisfies the first criterion in selecting a 

new variable was mentioned above. Next, we consider whether 

introduction oft habit formation term into the preference indicator 

satisfies th cond criterion for modifying the model, which was

 -T 

0 

0 

+l t
-t 2 

0

0
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mentioned in thelast section. The degree of habit formation. depends on 

the past income of the husehold. If it is assumed that most people with 

relatively high income last year also have high current income, the 

magnitude of habit formation is, in general, large in high income 

househoulds. Since habit formatidn influences the full-time 

participation ratio&* total participation ratio positively through 

YQK{and y,,t, by our modification of the model, they will increase more 

rapidly in higher household head's income classes. Then the 

introduction of habit formation is in accordance with the secod 

criterion. 

   Table 6 indicates the estimated results of the modified model by 

using the maximum likelihood estmation method. Comparing these 

results with those of the previous model, Table 5, it is clear that 

the modified model has been surprisingly improved. In the case of the 

7ttest, the previous model was not rejected in only two types of house-

hold groups at the 0.5% significance level, but the modified model was 

not rejected in eight types. Furthermore, in significance tests of 

parameters, the number of parameters which are not significant at the 

0.5% level decreases from 17 to 9. In order to compare the fit of the 

models with the habit formation term and without it, let us plot the 

observed full-time participation ratio and predicted ratio by the 

modified model of households type C in Figure 6(B), as we did in 

Figure 6(A). The phenomenon of overestimates in 1974 and under-

estimates in 1977 in Figure 6(A) disappears in Figure 6(B), and the 

slope is improved to be steeper in 1974 and gentler in 1977.
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     It is still more interesting to consider the results from the 

viewpoint of the empirical criterion. In the previous model, as 

mentioned above the simulation indicated that an increres in own wage 

rate caused the predicted participation ratio to decline. These 

simulat results are contrary to the'well documented evidence which 

many previous studies have found. On the other hand , the 

simulation inditates that in the modified model own wage rate has a 

positive effects on the partipation ratios in 10 types of household 

groups except the young family types A and B. The modification by 

introducing the habit formation effect is judged useful from this 

criterion. 

    What is implied by the fact that the habit formation effect, 

aS being' specified in equation (4. 1)~ is Siy-tificint? The estimated 

parameter A6 has a positive sign in every type of household group, 

as.expected before estimation. Households with high income in the past 

have already form&ted the habits for consumption and saving, and 

their marginal utility for current income has increased. As a result, 

under other given condition, the participation ratio of wives in these 

households is high. Supposing we apply this fact to time series data, 

even if the household head's income and wife's wage rate are constant 

the participation ratio of married females rises under the condition 

where the growth rate of income is low, because the magnitude of their 

habit formation is large. Let us consider two countries where the 

current income is the same but the growth rate of income is different. 

In the country whose growth rate of income is low, since people's past
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income must have been high, the magnitude 

On the contrary, people in the country 

high have a small magnitude of habit 

cetera paribus the participation ratio 

under the condition where the growth hate

of habit formation is large. 

whose income growth rate is 

formation. Consequently, 

of married females is high 

of income is low.
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5 I m p I i cat i o s a n d C o n c 1 u d i n g R e m a r k s 

Figures 8 and 9 show the magnitudes of the influences on the full-

time and part-time labor 40rce particifation ratio of married 

females by household head's income, own wage rates and assigned 

working hours assessed on the basis of pooled data estimation. 

The basic case is supposed as follows; household head's income=2 

million yen/year, wage rate in full-time job =730 yen/hour, assigned 

working hours in full-time job=2200 hours/year, wage rate in part-time 

job=460 yen/hour, assigned working hours in part-time job=1500 

hours/year, and habit formation=2 million and 3 hundred thousand yen. 

The point at the bottom of Figures 7 and 8 indicates the predicted 

value of full-time participation in each type of household group under 

the given exogenous variables. The net influences of household 

head's income, each hourly wage rates and assigned working hours are 

shown by the points in the upper part of the Figure. 

  To begin with in observing the habit formation effects, it 

increases the full-time participation ratio and reduce the part-

time participation ratio in the opposite direction. These effects are 

especially strong in the household whose wife is in the age bracket 

30 to 39, with senior high school education and without children. The 

negative effect of household head's income on wife's labor supply 

works as a factor to reduce full-time participation of wives. The 

households where wife is in the age range of 40 to 49, with senior 

high school education and without children, exhibit strong effects of 

household head's income. This effect for the part-time participation 

ratio is negligible. Now let us turn to the effect of wage rates and 

assigned working hours on each job opportunity. The increase in 

the wage rate and shortening of assigned working hours raises the 
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assigned working hours on each job opportunity. The increase in 

the wage rate and shortening of assigned working hours raises the 

corresponding participation ratio. More interesting is that the 

elasticity of assigned working hours is as great as that of the 

wage rate for female workers in Japan. 

    Finally along the lines of our estimated results, let us 

consider the reason why female labor force participation took off 

making the first oil crisis U turning point. The results of our 

analysis suggests that the change in the labor supply of married 

women observed between 1974 and 1977 can be successfully explained 

by the effect of habit formation. In other words, even for the 

same level of household head's income, wives of families whose past 

income levels were higher tend to participate in the labor market 

more than otherwise. 

    In this way, movements of the Japnese female labor force 

participation ratio over time are reasonably well explained by our 

modified model of choice between part-time and full-time employment 

opportunities that includes the habit formation effect.
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 Diagrammatic Exposition of 
Alternative Options for Labor

Choice 
Force

among Three 

Participation

Figure 1 

  XF

c

Figure 2
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Figure 4
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0 --9. Y

Notes: (1) The vertical axis (A ) measures upward the amount of 
   leisure time, and the horizontal axis (Y) measures income. 

(2) Notations are: Y husband's(or household head's )income; 
  h1, designated hours for full-time work; h2, designated 

   hours for part-time work; w,, hourly wage rate for full-
   time work; wl, hourly wage rate for part-time work. 

(3)<, ,<a, ,<o2 , indicate utility levels in descending order .
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Figure 5 . Diagrammatic 
Density Function of 
Utility Function

Expression 
the Value of a

of Probability 
Parameter of

f (t)
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Figure

LFPR 

 (7.) 

  40

301

20-

10L

6. Actual and Predicted Relationships between 
 Full-time Labor Force Participation Rate and 

 Real Household Head's Income

(A) Without Taking, into Account the Effect of 
   Habit Formation Explicitly in the Model 

                          ~, 1977A 

                       1974p 

                                    1977P 
                        1974A

0 
LFPR (x) 1 
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(B) After Taking into Account the Effect 
   Formation Explicitly in the Model

n
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Notes:

         100 200 300 400 500 Y 

 (1)Vertical axis(LFPR) measures full-time labor force 
  participation rate, and horizontal axis(Y) measures real 
  household head's annual income in terms of.10 thousand 

  yen. 
(2)Notations on the graph, 1977A indicates actual values 

  observed for 1977 and 1977P indicates predicted values 
  computed on the basis of our result of estimation.
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