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§VI A Synthetic Model of Labor Supply for type A Household

--Refinement of precision of the estimates of the parameters using the

synthetic modei--

So far, the analysis has focused on the wives' (non-principal potential
earners') acceptance and rejection of employwent opportunity offered by firms.
There are, however, earning opportunities without being employed by the
enployers. Indeed, a numﬁer of working wives other than employees (self-
employed wives) are found in the FIES data. Hence, a conprehensive theory of
labor supply should originally be able to treat the earning behavior of self-
employed wives. Frow this point of views, the theory of wives® labor supply
behavior developed so far is a first approximation in that it only describes
wives' acceptance or rejection of employee status, {Hereafter, the two kinds of
working wives are distinguished by the phrases employee wives and self employed
wives), As previously, we used the simple mode! of labor supply theory to
estinate preference paraweters., However, the results in section V seem to
show that we need a more precise theory of labor supply, which should be able
to clarify the behavior of self employed as well as employee wives. Hences a

more precise model of wives' labor supply is developed in this seetion,

[6.1.] Labor supply model of type A households constructed by taking into

account wives' self-employed earning opportunities

The synthetic model of wives® labor supply for type A households should
clarify the conditions by which the wife (non principal potential earner) in a
given household chooses to belong to either of the following four patterns:

(1) She (or non principal potential earner) is neither an employee nor

self -employed,

(2) She is not an employee but self -employed.

(3) She is an employee but is not self-employed,

(4) She is both an employee and self-ewployed.

Taking into account the results so fary, let (1) the income leisure preference
function be quadratic and (2) wives' income generating function (production
function) be linear, i.e., the marginal earning rate (warginal value

sroductivity) with respect to hours of labor is a constant, Proposition (2)



is introduced for the sake of simplicity and does not impair characteristies

of the model,

6.1-1. The determinants of wife's pattern of labor participation

Let us consider & group of type A households with a common level of
principal earner’s income, I (Fig, -1). Let the marginal earning rate (marginal
value productivity of wife’s self-employed work) be v which is assumed to be
common to all the households considered. The wage rate offered by firms to the
wives of the households and the assigned lours of work are denoted by w and b
respectively which are also assumed to be common to all the households
considered.

In Fig. V-1 tanﬁu and tanﬁv stand for w and v respectively, When the
wife accepts an employee opportunity, her income leisure position is given by
point k. CD is the line passing through point k and parallel to aB, aB being a
line of self-employed income, If the wife accepts the employee opportunity and
further works as self-employed, the househoid income will be augmented and lje
along the line k D,

Now consider a contour passing through point a. The gradient of the contour
at point a, | dx/dA L s will Vary-among the households considered due to the
difference in income-leisure preference among thenm,

Let us call the sub group of households i with

1) 1d/dA L > v
group I, and the sub group of households j with

2) | dx/dA l: < v
group II,

It is clearly seen that for any household i in group I Lhere is no
tangency point on the line aB, while there is a tangency point on the line
a B for a household included in group II. Needless to say, for 8 household

with | dx/dA h = v , the tangency point lies just on point a,

As to the households in group Il, tangency points lie below point a on
the line aB. On the other hand, for the households of group I, there is no
tangency point between the points a and B. For those households, the tangency
point will be situated at some point on the dotted line Az which is in an

ineffective zone of the indifference map.



Fig. V-1~

ineffective
A zone
\
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6.1.1.1 Mives® participation behavior in households in group I,
6-1.1.1.-1-

In FigV1-2, a contour wa of a household in group | is depicted. The
tangency point of aB and the contour is shown by point d in the ineffective
zone of the indifference map, Let the intersection point of wa and sk be m,
In FigVl -2 point m is situated above point k on the line ak. First, we shall
exanine the behavior of a wife of a household with such a contour wa as is
shown in FigV[-2. MWhen the wife accepts an employee opportunity, her income-
leisure situation is given by point k. fHer situation is shown by point a if
she neither accepts the opportunity nor works to earn her self-employed income,
Khen the wife earns both a wage and self-ewployed income, her situation is shown
by some point between k and D on the line kD (By the definition of group I, a
household wife does not choose only self eamployment and is therefore not

situated between a and B). Among those three situations, point a is clearly the

optinun because point a lies on the contour with the highest utility indicator
compared to point k and any points between k and D. Hence, point a is chosen by

this kind of household (wife),



Fig“ -2 .
the case where a is selected

% ineffective
N zone

m 1is higher than k.

d is higher than a.

6-1.1,1,-2 -

In FigV1-3 the indifference curve of a household in which the intersection
points msy of contour passing through point a, fda, and the line aE lies below
point k, If the wife in a household of this kind of household sccepted bhoth
an employee opportunity and self employed work, her income-leisure situation
would be given by the tangency point of contour and line kD somewhere between k
and J, as the hours of work for earning self-employed income can be adjusted as
the supplier (wife) desires, It should be noted, however, that there does not
exist any tangency point on the indifference curve and line between the points
k and J on the line e, [f there were a tangency point, g, which is not shoun
in FigV[-3, it would be said thaty when the principal earners income is Tf
(in FigW-3), the non principal earner’s (wife’s) optimal hours of work for
the wage rate v (tanﬁv) is given by the ordinate difference of point f and gz.
If sueh a case oceurred, it would be clear, by comparing points d and g, that
the larger is the principal earner's .income, the longer is the nonprincipal
earner’s (wife's) optimal hours of work, the nonprincipal earners wage rate v
being given., This means, under the assumption of a quadratic preference

functiony, that the locus of MHLS (see section<3,2,4>) on the X~ A plane is



FigV-3

the case where k is selected

A\‘|
A “ \(: ineffective
d‘\ \ f zone
T v
% m is lower than k.
d is higher than a.
0 X

downward sloping., However, the downward sloping locus is evidently inconsistent
with the observed facts, as has been disussed in section <3.2.5>. [Hence, it

was proved that, under the assumption of a quadratic preference function, there
should be no tangency point between points k and J for consistency between the

wode! and observations.

By the examination mentioned above, any points between k and J lie on the
indifference curves with inferior values of the utility indicator in comparisdn
with the indifference curve passing through point k. It is clearly seen that
point k is preferable to point a. Hence, the wife of a household with such an
indifference map as is shouwn in FigV¥ -3 accepts the employee opportunity and

does not earn an additional self-employed income,

6.1.1.2 MWives' participation behavior in group 1l households

In a household in group II, there exists a tangeney point of line aB and
the indifference curve, d, as shown in FigV-4.

6-1.1.2-1- Household in which the tangency point, d, lies between

points a and P.

Let the intersection of line aB and the horizontal line passing through
point k be denoted by P as shown in FigV1-4. Consider a household in which the
tangency point, d, lies somewhere between points a and P, For this type of

household, [et the crossing point of wa and ak be denoted by m’,



Fig¥ -4

the case where d is selected

\ ineffective
A \ zone

p 1is lower than d.
d is lower than a.

m' is higher than k.

6-1.1,2-1-1- First, consider a household in which point n' lies above point k
as is shown in FigV-4.

The wife (non-principal potential earner) in this kind of household prefers
point dy because d is situated on.the indifference curve with the highest
indicator among the points ks a, and all the points between k and D, Hence, she
works as selfl-employed only and does not accept employee opportunities,
6-1.1.2-1-2- Let the extention of line ak be kF (dotted line) in FigV-5.

Fig¥l -5

the case where k is selected

A\ ineffective
f zone

p is lower than d.
d is lower than a.

m' is lower than k.




The intersection point of kF and contour wd is denoted by m'. Consider a
household in which point o' lies below point k as shown in FigV[-5,

The wife (non-prineipal potential earner) in this type of.househofd will
never choose any points between k and J, [f she chooses those points it would
mean that she is both an employee and self-employed. However, -such a point
would have to be a tangency point, From the previous discussion, there could not
be any tangency points between k and J becsuse of the requirement of an upward
sloping MHLS locus, Hence, 4 is preferred to a, and any points between k and J
are preferred to d. Therefore k is prefered to the points between k and J,

That is, the wife will be an employee and will not work as self-employed.

6-1.1.2-2- Household in whieh point d lies between points p and B,

An indifference wap of this kind of household is depicted in Fig¥1-6., For
this kind of household two types of households are further differentiated from
each other,
6-1.1.2-2-1 1In FigVI-6 point e is a tangency point of the indifference curve
and the line fk which is the extention of line kD, Now, consider a household
indifference wap which has such characteristies that there exists a tangency
point between the indifference curve and the line fk, For this kind of
household all the points between k and D on the line k D are situated on
indifference curves with smaller indicators compared to the indifference
curve on which point k lies, because the gradient of contour at point k,

| dx/dA m s to the vertical axis is larger than that of line k D to the
FigVl-6
the case where k is selected

Ah ineffective
- zone

define e.
d is lower than p.

e is higher than k.




vertical axis,

Hence, among points as, d, k and all the points between k and D, d is
preferred to a, all the points between k and D are preferred to dy and k is
preferred to all the points between k and D] thus k is preferred. This means
that the wife (non principal potential earner) of this household accepts the
employee opportunity only and has no self-employed inconme.
6-1.1.2-2-2- Consider a household in which point e lies below point k.

The indifference map of this kind of household is depicted in FigV-7.

It is clearly seen that e is preferred to a, d and k., Hence, the wife (non

principal potential earner) will accept the employee opportunity and at the

same Lime she will work as self-employed.

FigW-7
the case where e 1is selected

A\ ineffective
" zone

d is lower than p.

e 1is lower than k.




6.1,2 Labor participation ¥odel of type A Households.

6.1.2.1 Summary on the patterns of wives® labor participation.

The patterns of wives' labor participatin behavior discussed in the

previous sections 6.1.1 is summarized in TabV[ -1,

Tab, V-1

1, group [

Households with
point d above a

2. group I

Households with
point d below &

1-1 Households with
mn above k

1-2 Households with
m below k

2-1 Households with
point d between
a and p

2-2 Households with
point d between
p and B

point a is prefered

(no participation both in
enployee opportunity and
self employed work) Fig, V-2

point k is prefered
{accepts employee oppor-
tunity but no self

employment) Fig.W?3
2-1-1 households with

point m' above k —

poin d is prefered

(earning of self-employed
income only) Fig. V-4
2-1-2 household with

point o' below k —

point k is prefered

(earning from employee
opportunity onty) Fig. V-5
2-2-1 households with

point e above k —

k is prefered (earning

from being employee
opportunity only) Fig.V-6
2-2-2 households with

point e below k —

e is prefered (earning

from both employee
opportunity and self-
employed) Fig -7
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Now, let us denote the coordinates of point dy ws ' and e with regard to hours
of work by H(d), H(w}, H{n'), and H(e) respectively, The coordinates of both
points k and p with respect to hours of work are h (hours of work assigned by
firms), The coordinates of both points B and D with respect to hours of work are
T which stands for the wifé's {non principal potential earner's) total
disposable time (composed of leisure and hours of work if anmy), Hours of work
for earning self-employed income and that for income from the employee
opportunity sre denoted by Hsat and Hew respectively, The coordinates of point

a with respect to hours of work is zero.

Making use of these notations, the conditions in TabV[-1 are reuritten as

shown in TabV[-2.

Tab, V-2

(1) Households with (1-1) households with Hew =0, He =0 case@® Fig. V-2
H({d) <0 H{a)<h

(1-2) households with Hee =hy Hsat=0 case® Fig. V-3

H(n)>h
(2) Households with (2-1) households with (2.1.1) households
H{d)>0 H{d)<hk with H(n*)<h

Hep =0y Hot >0 case@ Fig. V-4
(2.1.2) households
with H(a") >k
Hew=hs Hot=0 case® Fig. V-5
(2-2) households with (2.2.1) households
H(d)>h with H(e) <k
Hep=Fhs Het =0 case® Fig, V-6
(2.2.2) households
with H(e)>h
Hep=hy Het>0 case® Fig. -7




11

6,1.2,2 The Relation between H{m) and H(d) for households with Hd)< o0,

In order to construct a synthetic model for itype A householdsy we shall
first consider a group of houscholds with H(d)< 0, With regard to the
determinants of participation hehavior of this kind of household, the position
of point m in relation to the position of point d in Fig¥ -2 is fundamentally
important,

Let the relation of H{w) to H(d) be

1) H(e) = ¢ [ H(d) ]
where

2) H({d) < O.

A concrete analytical form of ¢ is given in the subsequent section,

6.1.2.3 The Relation between H{n') and H(d) for the households with A>H(d)> 0.

For the households where H(d)> 0 holds, the position of point m' in FigVl -
4 and 5 is important. Let the relation between H(m') and H{(d) be denoted by
3) Hw') = £ [ B(d) ]
where
4) & > Hd) >0,

An analytical form of f is given in the subsequent section.

6.1.2.4 The Relation between H(d) and H(e) for the Households with H(d)}>h.

For this kind of household the position of e is also important,

Let the relation between H{e) and H(d) be
5) He) = ¢ [ H(d) ]

where
6) H(d) > h

The analytical form of ¢ is given in the subsequent section.

6.1.2.5 On the graphs of functions ¢, f and ¢,

The functions ¢4, [ and ¢ are assumed to be monotonic and are depicted by .
the curves @a’y, @’ # and ¥ Y’ respectively in FigV1-8 and V-9, It
should be noted that curve @ @° standing for ¢ and @' B standing for { have
a point of conjunction, @'; because when H{d)= 0, f[H(d)]=¢[H(d)] holds, as
can be seen in FigW -3 and 4. FigV[-8 differs from FigV-9 in that point

@’ lies above point &t on the vertical axis in the former while point @' lies
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FigV[-8
the case where the shapes of the curves are

not consistent with observation
H)=F(H (@)

rr

Him)=¢ (H(d)} _

H(d)

Fig¥-9
the case where the shapes of the curves are
consistent with observation

e, foo¥ Hm ) =f(H(d))
/ H(e)=y(H(@d))

H(d)
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below point in the latter.

We shall begin by examining FigV -8 . The numbers attached to the curves
correspond to those in the column of Tab,VI-2. It should be remarked that the
participation pattern denoted by @ does not occur when functions ¢ and ¢ are
of the shape shown in Fig¥[-8. Pattern @ is for self-enployed wives only; not
wives who are employees, However according to observed facts, a pattern such as
@ does exist, Hence, since the shapes of the curves shown in FigW-8 are not
consistent with observation, they should be excluded. Another possible shape of

the curves is shown in FigW-9. In this figure it can be seen that pattern @
exists, Although pattern @ does not appear in this figure patterns @ and ®
are quite the same as @, Hence all the participation patterns observed for
type A household appear in FigV[-9. In this sense the shapes of functions

{curves) of ¢, f and ¢ in FigW -9 are consistent with observation,
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Addendum

Taking into account the results in section 6,1,2.5, it can be seen that
the participation patterns generated from FigV[-3 and V-4 are exclusive of
each other, This is because we assumed the curves @ @' and @' 8 are upward
sloping monotonic curves, This specific characteristic of the curves steas
from the postulale that the preference function is approximated by a quadratic
function,

Contrary to the upward sloping monotonie curves, the shape of curve a a'B
as shown in Fig. 10-A or 10-B wight be conceivable, In Fig. 10-A , function f is
not monotonic, In Fig. 10-B ; funetion @ is not monotomic. In these figures, it
can be seen both cases @ and @ in Tab,V[-2 (or the cases shown in Fig. V-3

and V-4 ) can coexist, However, a guadratic preference function does not yield

the curves shown in 10-4 or 10-B .,

FigV-10-a
o, f. ¥

!

H(d)

FigVl- 10-B

= H(d)
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6.1.2.8 Probabilities of generating various participation patterns in type A

Households,

In this seetion the determination of the probabilities of generating four
patterns of participation in type A household will be clarified when the primcipal
earner’s (hushand's) income, I, the wage rate, w, the hours of work assigned by
firms, Ity and the earning rate of self-employed work, v, for non-prineipal
potential earner (wife) are given, The first and second quadrants of FigV -11
depict the same curves shown in FigV1-9. The density distribution curve of H(d)
is depicted in the third and the forth quadrants. This distribution reflects
the differences in magnitudes of preference parameters among households where
the common values of I, w, v and h are given respectively, Teking into account
the results summarized in Tab, -2, it will clearly be seen that area S, under
the distribution ecurve, gives the probability that the wife (non-prineipal poten
tial earner) is neither an employee nor self-employed. This is the probability
that pattern @ in Tab, -2 occurs, Let us call S, , the probability of
non-participation,

Area S in FigW -11 gives the probability that the participation pattern
® in Tab. V-2 oceurs, This is the probability that the wife engages in self-

eoployed work only without accepting an employee opportunity. Let us call this

Fig¥l -11

a’f curve _
H(m")=f(H(d)} ; h>H(d)>0
r7’ curve

HCe) =y (H(d))
yr H(D>TE

e S

aa’curve !
a’ 1
H(m)= ¢ [H(d))] L7
H()<0 2 |
o 7/ 191
H(d)
0
S 222% S,(4) employee and
b Esy, self-employed ®
employee @®
(1)

non-employee self-employed ®
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probability the probability of self-employment participation, ﬂ!d,

where
number of self employed
wives not accepting employee
Mo opportunity

number of wives

Area S; gives the probability that either participation pattern @ or & ia Tab,
V-2 occurs, Here it shouid be noted @ and ® are the same pattern., Let us
call this probability the probability of acceepting an employee opportunity and

not self-employed work, or in short, the probability of beeingran enployee, “,

{probability of employee participation), where

number of wives accepting

employee opportunity and no

self-employed work :
number of wives .

¢
m

Area S, stands for the probability that the participation pattern ® in
Tab. W1 -2 occurs, Let us call this probability the probability of double

participation, l‘ed’

where
number of wives participating in
both self-employed work and
“ed _ _as an employee

number of wives .

0f course,

non-participation —
( ) +oug s o+ ou 4= 1,

probability

Prior to drawing the curves in FigW -11 the values of [, wy hy and v have
to be given. That is, when these conditions change, the shape of all the curves
change simultaneously and, in effect, the areas Si {i=1,2,3, 4)‘or magnitude
of lld; u, and # o4 change. Hence analytical forms of the funetion ¢, f, ¢
and the size distribution function of H(d) have to be known in order to deseribe
the changes in participation probabilities corresponding to the changes in I,

wy and v, This will be discussed in the following section.
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6.1.2.7 Analytical Forms of Functions ¢, f, and ¢

In this section, analytical forms of ¢, f, and ¢ are determined making
use of a quadratic preference function, All the available information including
the plausibility of variational Y. model, are taken into account in the

process of determining analytical forms of those functions.

6.1.2.7.1 Analytica]l Form of ¢

6.1.2.7.-1-1. In order to obtain the concrete form of ¢ it is necessary to
calculate the coordinates of point d in Fig. V-2 or 3. The equation of line aB
is given by

1) X=1+ v-h

wvhere h and X stand for hours of work (for the employee opportunity and/or

self-employed work) and household’s i1ncome respectively. v stands for the

earning rate of self-employed work.

The preference function @ is given by

2) o = £Y . X+Y X+ Y XA+Y A+ ET AR
where

A= T—h

Under the constraint of (1), {2) is maximized with respeet to h., When the
value of h maximizing @ is negative, that value of h stands for H(d)} in the
function ¢ . This stems from the fact that the indifference maps shown in Fig.
V-2 or 3 are the maps of households with such ¥ . that places tangeney point,
ds on AB in the ineffective range.

Hence, we obtain

_(7|'V_7:|) [ - (72+73'T)+74+75'T
71‘V2“273'V+75

3) H(d) =

where

H(d) < 0.

The value of H(d) varies among households with given I, w, h and v owing to
the difference in 7. of each household. Hence the size distribution of ¥4 can
be easily transforaed to that of H(d) by using equation (3 ),
6.1,2.7.1-2, The equation of the indifference curve w in Fig.W1-2 and 3 can

be obtained as follows., By inserting the values of the ordinates of point a in



i8

Fig.V1-2 and 3,
4) X =1
5) A=T,
into the left hand side of preference function (2), we obtain the value of

indicator w al point a,
6) @, = FY A Y I+ Y LT+ Y TR TS TR,

I and T being given. Hence, the equation of the indifference curve @ can be

written as
7Y @, = £7 X2+ V. X+ 7 XA+ Y- A++ 7Y AY,

where o, is given by (6},

6.1.2.7.-1-3 Finally let us obtain the ordinate of point m in Fig. V-2 and 3.
The equation of line ak is given by
8) X=1+ w-h.

We can solve {8 ) together with (7) for h. The solution is the coordinate of

point m with respect to hours of 'w,ork, H{m), that is,

(=Y uwt Y ) L —w (Y YT+ Y+ 75 T
1&(7|-w”—27’a-w+75)

9) Hm) =

It can be seen that the magnitude of H(w) varies among households considered
owing to differences in 74 of each household,

6.1.2.7.-1-4 Now, we are ready to obtain a concrete form of the function ¢.
The parameter Y .y the wagnitude of which is supposed to vary among households,
is included both in equations {9 ) and (3 ). Hence, by eliminating common

parameter ¥4 both in {9) and (3 ) we obtain a relation hetween H{m) and H(d),

2(7|’V2“"273'V+75) Z(V_N)(71'1+72+7:'T)
10) H = +
) (.) 7:‘“2_273'W+75 H(d) 71'W2_273‘W+75

---function ¢
where H(d) < 0.

This is the funcution ¢ when the preference funcution is quadratic.
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6.1,2.7.2 Analytical Form of funcution f

Function f stands for a relation between point w* and d in Fig. V-4 and 5.

The coordinate of point d, H{(d), is previously given by ( 3);

"“(71'\7“‘73) I — v (72+73'T)+74+75'T

3) H(d) = Y v =27 . vt Y.

However, with regard to the case shown in Fig. 4 and 5, it should be noted that
contrary to the previous case,

37) W) > 0,
That is, the magnitudes of parameter of preference funcution qu which
generates the indifference curve as shown ianig. 4 and 5 nust be of a value
which makes the right hand side of equation (3} positive.
6.1.2.7.2-1 Me shall obtain the equation of @ ; in Fig. V-4 and 5,

The coordinates of point d are given by

11) X =1 + v-H(d)

12) A= T — H(d)
where H{d) is given by (3 ). Inserting (11) and (12) into (2)

we have

13) wy= 47, [I+v-HA)]P+ 7 [T+v- BT+ 7 [T+v-B(d)IT-H(d)]
+ 7 AT+ Y S [T-H(D]? .

Given [ and vy the value of @ 4 in (13) is specific to each household with
specific value of 7 ..

The equation of contour @, in Fig. 4 and 5 is given by
M) @ ;=47 X+7 X+ A+7.A++7s-A7

where @ 4 is given by (13),

The equation of the segment ak or that of the extention of the segwent is
given by

13) X =1 4+ w-h : T—A= h
where h stands for hours of work for the employee opportunity and/or self-
enployed work, Hence, we can obtain the ordinate of poiat u' by solving (14)
and (15) simultaneously with respect to h, By denoting this solution H{n') we

have
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-1
6 Huw')= I 1w + + Tu—Y4—7s-T
18) ‘(m) 7‘.“’2_273‘”_'_15( (Y u=7a)+(7 Y:-Tu—7 4 ]
i[[I(yl'w‘"73)+(72+73'T)W_74_75‘T]2_2(71'w2—273+75)
XAE Y P (Y YD+ YT+ 5T T2 [+ 7 ([ +v-H(d))?

F+ YAl +v-HdN)+ 7 (T4Hv- B NT—Hd)) + 7 ((T—H(d))

I 1
+57(T-H(d))21E 3 Yiowi=2Ysu+7s

where H(d) is given by (3).

By examining Fig. V(-4 and 5, the algebraically larger root among the two
given by (18) is adopted as the value of H(w").
6.1.2.7.2-2 Finally we shall obtain the function f,

By eliminating the cowmon parameter ¥, included in both (18) and (3 ), we

have
-X—-+/ D
o) = ---Tuncti
17) H(a") Y wi—27.wt 7. unction f
and,
K= (W"V)(71‘["‘7z+7=‘T)"(71'V2“273‘V+75) htd
D= (W—V){(W—V)(71'1+72+73’T)2_2(71'I+72+73'T)

X(71‘V2—27:'V+ ys)h*d'f‘(7’1‘V2_27:‘V+‘75){273_ 71(W+V)](h*d)2}

where h*y is the abbreviation of H(d) given by (3 )., Equation (17) is the

function { when the preference function @ is quadratic,

6.1.2.7.3 Analytical Form of function ¢

Function ¢ stands for the relation between point d and e in Fig, -6 and
N-7.
6.1.2.7.3-1 Firstly the coordinate of H(d) is given by

"(71'\"‘73) | (72+7:'T)+74+75‘T

3 H(d) =
(3) () Y -vi=273-v+ 75

as previously shown in 6,1,2.7.1-1, However,
(3" ) K4 > &

wust hold here, in order that point d lies below p in Fig.V1-6 and 7.



21

6.1.2.7.3-2 In the second place we shall obtain the coordinate of point e.

Taking into account that the coordinates of point k is given by
(18) X =1 + w-k

and
(1) A=T - h,

the equation of line fD passing through point k is written as
20) X =14+ (w— v} h + v-hfdy

where hfd stands for the coordinate of hours of work on the line fD.
Under the constraint of {20), we shall obtain the value of hyq waximizing

@ in (2), This value of hfd is H(e). lHence we have

(7 -v=73) I+ (w—vIR)=v(Y 2+ 7T+ 7, + 7T

(21) He) = Y v =275-vi Y

6.1.2.7,3-3 We are now ready to obtain the analytical form of ¢:
That is, by eliminating Y+ in both (3) and (21), the relation between H{d}
and H(e) is derived,

_ (Yi-v=73){u=v) b .
(22) H(e) = H(d) Y vi—27.9% 7. function ¢

where
H(d) > h, and w > v,

is obtained, This is the function ¢ when the preference function @ is

quadratic,

6.1.3. Calculation of participation probability.

In this section the calculation of Hor By and “ o4 is discussed.

6.1.3.1 The coordinates of points q; and g4

It cen be seen that funetion f contains preference parametersy 7 s 7 z2s
Y5 and ¥ s, and exogenous variables, v, w, h and I, respectively; that is,
{ is rewritten as

23) H(w') = f [H(d)s Yis Y25 Yas ¥s |vs wi b, ']
where H(d) > 0.

In the same fashion function ¢ can be rewritten as

24) H(e) = ¢ [H(d)s 715 Va5 ¥s bvsws B 1
where H(d) > h.
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Applying H{(w') = h to the left hand side of equation (23), we have

25) h = f [K(d)s Y1s Y2s Yas ¥s | ve ws By 11,
This equation can be solved for H(d)., Let us denote the solution for H(d) by
B{d)a:. Hence

26) H{dYa, = 1" [¥4y Y20 Y39 7s lvy ws hs T 1,
where * stand for the inverse function of f. H{d)a: given by (26) is the
coordinate of point q, on the H(d) axis in Fig. V[ -11.

Now we shall obtain the coordinate of point g4 in Fig.11,
Replacing H(e) on the left hand of equation (24) by h we have

27) h= ¢ [H{d)s Y.y Y25 ¥s | v, ws b L.
We can solve (27) with respect to H(d) and let us denote the solution by H(d)a«.
Hence we have

28) H(ddas = ¢ [7:s Yo ¥s Ly ws b ]
where #7 is the inverse function of ¢ . Equation {28) gives the coordinate of
point g in Fig. VI-11. It can be seen that H(d)a, is invariant with the
principel earner's income level, [, because ¢ and ¢ does not contain [ as

an argument, This stems from the characteristics of quadratic funetion @,

6.1.3.2 Density distribution function of H(d)

Finally we shall discuss the density distribution function of H{d)., H(d)
has been gives by (see 6.1.2.7.1-1)
= 71v=Y) T — v (Y 2+ YD)+ Y+ 7T
71‘V2"‘273'V+75

where the magnitude of 7, varies among households considered.

(3) H@) =

With respect to a household i, the value of Ti is given by

(29) YdE=ETw
where 7, is a constant which is common to all the households considered and u;
is a random variable, the distribution of which is log-normal with mean E(u;),
and variance 7 ,%, where

E(w;) = 1,
0,2 being & constant. Let the density distribution of u; be

(30) I (ul ¢,7)
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where the suffix 1 is deleted. By considering (29), (3 ) can be reduced to

=(Yiv=Ya) I = v (Y +7:-T)+7- U+7s
Yi-vi=2Ys-vt 7Y

Solving this equation with respect to u, we have

(3) H(d) =

(31) u= L

4

{(71‘V2"273'V+75)“((’)'*'(7l’V—ya)I+V(72+73T)—75T}

or in short,

(32) u=u (H(d): Yis 729 Yas Tus ¥s | v, I)
From (31) we have

1
(33) du = 7 (Y -v2—2Y3s-v+ 7s)-dH(d)

4

From (32), (30) and (33), we have

(38) 1(w)du=1CulH(d)s Y s Y20 Y 3sTer Y L vsD) | 04 ) ’ di(d)

di(d)

2227 vt
A | VsV 2r T osTin Y sivaly o) | T 2oVt Y s
=y 7

di(d)

This is the function which transforms the distribution funection of u, [(u), to

that of H(d), I[H(d)]. The right hand side of equation (34) (except for dH(d))

is the density distribution function of H(d) depicted in Fig. VI-11, For the

sake of brevity, let us denote the distribution function, the right hand side

of (34), (except for dH(d)) by '
(35) 17X (B(A) | Yir Tas Yo Tar Yshve Iy 0u).

[t can be seen from (34) that the distribution of H(d) is invariant with respect

to changes in w.

6.1.3.3 Participation Probability

By using (35), H shown by ares $; in Fig, V[ -11 is given by the definite

. . b 4 .
integration of [, 1y e.

H(d)a,
(36) = [ (d)a PP L 700 Y 23 Y s Ts Y syvely 0 ,) dli(d)

2}

where H(d)q; is given by (26).



In the same manner, B shown by area Sy in FigW1-11 is given by

d)q, —
(87) #o= J'H( a (A | Y s Y 2n Y 0aTas ¥ savals 0y,) di(d)

H(d)Q1
where H{d)q. is given by (28).
The value of K od shown by area S, in FigV[-11 is given by

(38) Maa= %  I*H(@ I Y147 217 5sTas ¥ sivsls 0,) dH(d)
H(d)Q1

6.1.3.4 1t can be seen from (36), (37) and (38) that the values of three kinds
of participation probabilities Ho By and # g1 are respectively determined
by the values of {7} (i=1, o s 5)s 0435 vy wy and 1, It should be noted
that the -magnitude of w affects the probabilities via limits of integration,
H{d}q, and H(d)ass as well, because these are functions of w respectively.

Employing an abridged formulation, (38), (37) and (38) can be rewritten as

(38) wud = ud (f?’;}- G,y vy wy 1)y

(40) e = se ({¥ 1y 0us v w1,
and

(41) wed = sed ({7} Gur vo ws 1),

Making use of these relation we can proceed to obtain the estimates of the
preference parameters, {?‘i} and ¢, of secondary order of precision, This

procedure is shown in the following seetion,

[6.2.] Augmenting the Precision of Estimates of Preference Parameters

{6.2.1) Let us denote the values of preference parameters obtained previously
in <5,2> by {7";’ }and 0, (i=1, o + 5 ).(*) These values can be considered
to be the first appoximation for the true values of preference parameters, {7;}-
and #,, That is, the model used to estimate those parameters was a first
appoximation in the sense that the wode! took into account the wife's choosing
an employee opportunity but not self-employed work.

By inserting the observed values for wy v and I, w®, v°, and [°,
respectivelys together with {77 } and 2,% , into 39), 40) and 41), we have

theoretical (or estimated) values for #°, #d and ”ed, that is,

(x) In the previous section we used the notation ¢ for o,
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42) #e(1) =a2 ({y" ) 0,% 5 v % 1,°)
43) #E(1) =u® (£7." 1 0" V0w 1)

44) ued (1) =ped({y . "}, 0, v w® I,°)
Now, let us denote the observed values for participation porbabilities of
the jth principal earner’s income class by ﬁlq s 2% and ﬂtgd,
Jo 10 10

Let the differences between observed values and first approximation values

be
(a) udys{udyo—H2, (1)), w®ss( B0~ H%,(1)), usd m{ et ,0— 2 ,(1))

where ll?(l), tl?(l) and llﬁd(l) are first approximation values,
Let

(b) & (fudsls {u®sd, {u*t,})

be an objective funetion properly defined, where { } stands for a row vector,
Initial values for the preference parameters, | 7?’} and ¢." , are allouwed to
vary so as to minimize &.

Hence, we have to choose the proper functional form for the objective
funetion &. In relation to this, it should be noted that equations 39 ) through
41’ ) are exact relations that do not include any shockss or disturbances in
relations. In contrast to those relationss ordinal consumption functions, for
example, include shocks whichy, it is assumed, reflect random movements in
consumer preference parameters and so on. In other words, as far as we treat
shock model at least, discrepancies between observed values and theoretical
(estimated) values for consumption are allowed, However, the present wodel for
participation probability, or the system or equations 39) through 41), has been
deduced by definite integration of the distribution function of H{d*), and the
distribution function reflects the distribution function of the preference
parameters, Also, upper and lower limits of the definite integration are not
random variables, As a result, also the values for the definite integrals are
not random variables, Hence; as far as the present model is concerned there is
no room for allowing shocks in the equation system, 39) through 41),

Contrary to participation probability funections 39) through 41), each

household’'s supply function with respect to wives' optimal hours of work for
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employment opportunities or an aggregation of them do include shocks reflecting
differencesin the preference parameters among households, as consumption
functions do. However, as explaned above, the probability equations are
conceived as exact relations, and the differences between the theoretical values
29, £% and 229, and observed S, 1€ and u8Y, respectively, are considered
to reflect sampling or observational errors (disturbances in variables) caused
from limited sample size.

Hence, denoting sampling or observational errors by additive random

variable u,, u and u_,» we have
d’ e ed

45) o0 = p* (1Y) 04 vs we [) + ug
46) ”0‘ = u° ({7{.}! O s Vg Wy I) + ue
47) E‘o’d= #M(! 7,’,}, Gy Vy Uy I) + Uad

which constitute an error model, nol a shock model.

Multiplying by n both sides of equations 45) through 47), respectively,

we have
48) n-#o? = n-#* ({Yily Gur vy wy 1) + noua
49) n-#o° = n-#° ({7l 04 vy wr [} 4+ noug
50) n-#o*= n-#4({Y:}s o, vy wy I} + n-uea

where n stands for sawple size {number of households or number of wives) for
each principal earner's income class,

Rewriting 2-48), we have

51) n-#ot — n- s ({Yily 040 voow I) = €4

52) n-Ho® — n-M" ({Yils 0wy veows I) = £,

53) Nt = oMt ({7}, Ty vy ouy 1) T Eag
where »

54-1) £ .=n-ug 54-2) € ,=n-u, 54-3) € ca=n-uea
€qr €, and €, are, respectively, differences betueen observed and
theoretical values, and they have a joint binomial distribution. If n is large
enoughs the joint distribution can be fully approximated by the normal
distributiony

55)  N(0s 0s 0 Our Sar Taas O%aes Tlutear T 7evea)

where, 0°'s, TGgs Tor 704 stand for, respectively, means and standard

e

- . . 2 2 2
deviations with respect to & g € and € ., and T4 ®ded and T ed

stand for their covariances,

Froam 45), 46) and 47), we have
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’7‘\_53 ? uod.E“rl\_Eed.

!

+ ¢

Vg d Ue
hences uysy u, and u,q have the joint probability distribution

Ny 0, 0y %04y €001 K 0aas ® 02,00 £ 062500y k0%-04)
as an approximation,

Nows under the constraint that Egs €, and € 4 have joint distribution 55)
we shall obtain maxinum likelihood estimates of {YI} and 6,‘.VBecause ve w and
Is in 48) and 48), are fixed in repeated samples, equations 48) and 48) can be
treated as regression equations having fixed variable on the right hand sides of

the equations, although they constitute an error wodel.

Let ngs o, and ng be, respectively, numbers of persons employed by

employers, sell-employed and of those who participate in both opportunities,

Taking into account that those variables have binomial distributions, we have

56-1) E(ne )=n-#,
56-2) E(ng )=n-#4
56-3) Elnea)=n-#.4
57-1) var(n, )=n-#, -(1—#,)
57-2) var(ng J)=n-#,4 -(1—#y)
57-3) var(nea ) =n- Moy (1= #oq)
57-4) " covines na )=—n M, M,
57-5) cov(nay Nea )=—n Mo Mo
57-6) cov(ngs Deg)=—n-My-H gy

where var and cov, respectively, stand for the variance and covariance of the
variables in the parentheses.

Parameters {7i} and 0, are estimated so as to miniwize

58) = U'3"'U
where

59) U® = [ug! ua' wugg! -woeeeee Ue" ua" lea’]
m standing for the number of principa! earner’s income classes, and I standing
for the variance-covariance matrix with respect to ugr U, and Uoge The
population variance and covairance are estimated by the sample variance and

covalirance,
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The estimation procedure is summarized below,

Firstly, participation probabilities, .Ud, #® and ”ed’ are computed,
making use of {7‘;" } and ¢ ," 4 by equations 45) through 47). Secondlys by using
the computed participation probabilities, we have U’ in 59), Inserting those
values into 58), together with 3, we have &% s the value of & corresponding
to {7‘;"} and o, , We conpute {7?} and 0,9, resbectively, using {7‘;’ } and
o ,% so as to reduce the magnitude of &. That is; let the shifts in {7 '} and
o , be denoted by A)’i(i=2, -y 5) and A g, respectively, Needless to say,
Y *=—1 and AY, = 0, It can be seen frow 42) through 44) that

revised values for participation probabilities, after assigning the shifts for

the parameters, ﬂd(A), #E(A) and ﬂed(A), are given by
60) #4,(A) =HA{T." +AYd, 0.0 +A G, v, w0, 1,°)
61) #°,;(A) =u({r." +AY:}s o, TA 0, v° w [,°)
62) wet(A)=u({Y." +AY .} 6,7 A0, v Wy 140)
&® can be computed, by employing 60) through 62), from 58).
Y:2=7r7."+ A7, ' i = 243, 4,5
and
¢.,?= ¢, + Ag,

are revised estimates for the preference parameters.
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6.2. ADDENDUM for the Computation Procedure

[6.2,1] Calculation of the absecissa of gq; in in Fig. -11 for A+ B Type

preference function
(6.2.1.1) In equation
Ha®) = f [H(d)]
let H(w*)=R, and the equation can be solved for H(d). The solution is the

abscissa of point q .

The conerete form of function f has been given by 17) in (6,1,2.7.2). From
this and H{w')=h, we have

-K-v/ D

Yi-w?—273-ut7s

1Y kb=
where

KE(W"‘V)(":I"'72+7:‘T)_(71’V2“273'V+75)'h‘
De(u—v){(w—w) (Y I+ 7+ 72T =207 [+ 7:+735T)
XEY o v2 =27 2w+ Y ) h™H (Y v2=27Y3-v+ 7)) 27— ¥ {utv)](h*)?}

and notation h* is used in place of H{d) for the sake of simplicity.
1) can be solved for h *, that is, 1) can be rewritten as

2) (71'V2—'27:‘V+75)(h')2 - 2(71'V2_273'V+75)'E h*
+ E [(71‘”2—273‘W+7s)‘E + Z(W—V)(711+72+73’T)]:O

Among two roots of equation 2), we adopt the roct h X satisfying
0 <h* <F

as the plausible solution,

He rewrite 2) as

2°) Ae-(h*)2 =20 B-h*+B.=0

where

3—1) A= 7 vE-275-vtH 7
and |

3_2) BtE E [(71""2—273'01'5‘75)']-'\- + 2(“‘_V)(711+72+73'T)]

We have the solution h¥* as

t'_ + tz'—z_ht'Bt =
o = MR /AAh . ﬁ*
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. ] x -
Taking into account the requirement 0 <h  <h, we have

- - BI(Y w27 3u+ 7 s)h+R2u—v)(7 I+ 7.+ 75T)]
5) H(d)a,= f~ ’ 2
) ()(h h h Y v =27 vt ¥

(6.2.1.2) Calculation of abscissa for g, in Fig, V[ -11

In equation
He) = ¢ [H{d)]
we set the left hand side equal to h, that is,
b= ¢ [H(d)].

By solving this equation for H(d), we obtain the abscissa for point q..

The concreie form of ¢ is given by 22) in 6.1.2.7-3.

{(Y,-v— 73)(04“‘1)'5
Y viI—=2Ya3v+t 7Ts

H(e) = H({d) —

Applying H(e)=h for this equation, and solving it for H(d), we have

(71'V“73)(W—V)'E = E {1+ (71"/'_73)(”_") ]

6) H(dai= h + -
) (d}ay h Y1 vi—2%av+ 7T 7’,-v2—27a-v+75

where H{(d)q, stands for the abscissa of point q4.

(6.2.1.3) Calculation of abscissa of Point a in Fig. V] -11
In equation 3) in (6.1.2.7),

"‘(7|'V_7'3)I"‘V(72+73'T)+74+75‘T
71'V2"27:|'V+7s

H{d)=

we set Y .4=0. Hence, we have

75'T_(71‘V_73)I_‘V(72+73"”

7)) K{d) =
) ( 71‘\’2"273'\""'75

where H(d)max stands for the value of H(d) for the household with the largest
value of H(d)} among the households considered. Accordingly, H(d)max represents

the abscissa of point a in Fig. V[ -11.
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[6.2.2] Some other constraints for the Parameters to be Estimated

Frow the generalized labor supply model for type A households, in which
self-employment opportunities are taken into accounl as well a:s market
employment opportunities, we can derive some additional theoretical restrictions
for the parameters to be estimated. They are ¢

(1) The derivative of function ¢ must be positive

This constraint can be stated, by using 10) in (6,1,2.7.4), as

1) 2(71'V2"273‘V+75) > 0.
Yi1-wi—275-wut+ 75

Hence we have

1") (7,~v2—"27’3’v+75)(T.-w2;273'w+75) > 0 ---constraint [1]

(2) 0< ¢ [Hd)=0] = { [H(d)=0]1 <h must hold

This restriction means that point @', in Fig. V[ -11, must lie between 0
and h., By applying
i(d}) = 0
to equation 10) in (6,1,2,7.1-4) we have

2(""‘“’)(7!'["'72"}'73"”

2) ¢ [H(d)=0] = Yiwi—2Y 2w+ Y,

which stands for the ordinate of point @ 'on curve @ @', or function ¢,

By applying H(d)=0, or h*=0, to equation 17) in §6-1,2.2, we have,

-K* - D

0 = = et 7
where, |
K" = (o—v)(7,-1+7.:47,T)
D' = (w=v)2- (7 ,-[+7:+7Y5T)2=(K’ )2

Hence, we have

—-2K’ _ Z(V—W)(71‘1+72+73'T)

3y f [H({d)=0] = . =
) [() ] 71'”2_273'W+75 7|’W2"273'w+75

which stands for the ordinate of @' on curve @' 8, or function f.
Comparing R ) and 3 ), curve @ @' and '8 in Fig.1-8,9 and 10,
respectively, join each other at point a@”,

From 2} and 3), the constraint
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0 < ¢ [(H)=0] =1 [d=0] <}
can he written as |

Z(V—W)(7L'I+ 72+73‘T)

4 0
) 71'W2_273'W+75

From the first and second terms in this inequality, we have

*—2(W“V)(7|'I+72+73‘T)
Yiow?—=2Y3ut7s

5) 0 <

From the previous restriction
w > vy ---restriction [2]-0
hence, we oblain
5.1) (7:0-1+ 72+ 75 THY  -w?=2Y5u+ 7s) < 0,

On the other hand, from the second and third terms i1n the inequality 4),

we have

—2{e—v {7 -1+ 7 247:-T) <
71'W2—273'W+7S

oTs

(w=—w){(7:- 1+ >2+7,-T) S —h
Y owr—=2Yut Vs 2

Hences according to if the denominater in the left hand side of the last

inequality is positive
a) Yi-wr=273wt?Ys > 0

we have the constraint,

5.2) (a—v) (Y - I+ Y+75T) > — —;—(71-wz—273-w+7s) '
and if,
b) Y uwr—=2Y2u+?7s < 0

we have the comnstraint,

5.3) (u=v} (Y -1+ 724+75-T) (Y1 -w2=2Y 50+ 7).

N
!
N’:rl
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The discussion below equation 5.1) can be alternat =ly restated as

follows: firstly, in eguation 5.1), we have
6.1) Y, - I+7.4+7Y:T> 0 '--restrictién [2]-1

because the left hand side of the inequality stands for the warginal utifity of
household income when its non-principal potential earner does not work at all,

Hence, from 5,1) we have
6.2) Y, wi=2Y:u+7Ys < O ---restrietion [2]-2
Taking into account these, we examine the inequality

2{v—w) (7, 1+Y.+7,-T) <E
71‘("2_273“"!'*' )’5

in 4), This ean be rewritten as

(W_V)(7I'I+7z+73"” —h
Y i -wr=2Ya-ut7s

From 6.2), we can see the left hand side of this inequality is
negative, Hence, we have

6.3) (W—V)(71‘1+72+73'T) < ‘%“(71'"’2“’2734‘1‘*‘75) .

---restriction [2]-3

From 6.2) and 1), we have
Yi:vi=2Y3-v+7s < O ---restrietion [1]®

which is an alternative to restriction [ 1],

(3) Constraint that the inequality 0 <l(d),, <h wmust hold,

The abscissa of point q, is given by equation 5) in (6.2,1.1); that is,

H(d)a. = E—J (h)?—

Fl[(ylwz_zyaw‘*‘75)E+2(W_V)(711+ 72+73T)]
7|‘V2—273'V+ 7s

In order that the root is positive and that
0 < H(d) < h
q1
holds, the following nust be true

h 1 z— + _+ - 1 + 2+ 3T
7N —(F)? < hICY w2 ~2Y awt Y s)h+2(a—v) (Y 1+ Y24 75T)] <0 .
71'V2—273'V+ 7s

---constraint [3]



Now, from requirement 6.2) and 1’ )
17) Yioovi—=27:vE7s < 0
should have been satisfied. Hences from 7 ) we have

7)) = (R A{Y vi=2Ya-vt Y s) >
—h [{75e?=27 20t 7 )R +2u—v)I (7, I+ 74+ 7.T)] >0

---constraint {3]°

which 1s an alternative presentation for the reguirement that inequality

0<H(d)q < b holds,
1

(4) Counstraint that H<ZH(d)q4<i a must hold

From Fig, VI -1}, il can be seen that point g« wust lie between points K and
a on the horizontal axis,

The abscissa of point gu; H(d)q‘, is given by equation (6 ) in (6,2.1.2),
that is,

S R e IR
Hd)ae =k + — oy vy,

Hence, in order that the part of the constraint, El(ﬂ(d)q be satisfied,
. 4

— - (71"/"73)("!“\’) h
< + P M -
8) h h TN =27 vt 7. constraint [4]-1

wust hold,

The abscissa of point a in Fig, VI -11 can be written as

YT = (Fiv=7a)l — (Y24 72-T)
71'V2—273'V+75 y

which is shoun in 7) in (6,2,1.3). Hence the part of constraint that H(d)q‘ < a
can be written as

(W_V)(Yx'v“ya)ﬁ < 7T — (YJ'V_73)I - V(72+7:'T)
71'V2"273'V+75 7|‘V2"273'V+75

9 h+

---constraint [4]-2
From 8 ) it can be seen that
(7|‘V—73)(W—V) E.

8’ > .- . R
) Y v —27.vt 7. 0 ’ constraint [4]-1

where w — v>0,
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must hold. From 6,2), at the same tinme,
Yiv?i —2%Y53v + ¥s < 0
must hold, so that, 8’ ) implies
10) Yiov—~ Y, < 0 | ---constraint [4]-2°

Requirement 10) can be fullfiled whenever 7:> 0., Hencey constraints

'[4 1-1° and [4]1-2"° are needed in order that

h < H(d)q4 < a

be true.

{6.3]  Iwproving exactness of estimated parameters by using employee-self

enployed mwode] (A synthetic model for Type A household)

(6.3.1) Search for refined estimales

This 1s the preliminary section for obtaining refined estimates of the
preference parameters., To improve the precision of estimated parameters, we
employ the synthetic model deseribed in the previous section. In the synthetic
model, a new kind of exogenous variable, v, standing for the earning rate (or
marginal productivity) of self employed workers, was introduced. However, v
cannot be directly observed because the Family Incowe and Expenditure Survey
in Japan does not cover hours of work, Hence, we are compelled to estimate v
as a parameter, the value of which is assumed to vary from year to year.

a) Postulates for estimating plausible values of v
The following define what constitutes a plausible value for v.

(1) If we have obtained a set of reasonably good estimates of parameters
making use of the general model, we should be able to compute theoretical values
for the self{-employed participation rates My and # g (participation ratio for
those hoth employed and self-employed) as well as the empioyee participation rate
H o which should reasonably fit the observables ﬁlg, Ilzd and #’Z.

(2) Before computing theoretieal values-lld, “ and Mg ve have to
have numerical values for principal earners® incomes Ii of the group of
householdss with both w and v assuwed to be common to all groups of households.

Ii and w are directly observable but v is not, as mentioned above., Hence, owing



to {1), if we try a tentative value for v and if the value is a fairly good
approximation to the true value of v, the computed theoretical values Has B g
and K will reasonably fit the observed values,

In addition to the above assumptions, the following restrictions must be
satisfied by v together with observed values for II aqd w,

1. The slope of the curve of the funetion ¢ should be positive.

2(71'\’2 - 27 sv + 75) / (71'"12 — 27w + 75) > 0

2. 0< ¢[H({d)=0] = f[H{d)=0] < k
{We need this in order to attain consistency between

enpirical observations and the model.)

3. 0< g, < N uwhere,

_E _ J Ez— F((?’.-m2_273.w+75)ﬁ +2(w—v)(7‘1+72+73'r)}
o Y vi—2Y 3-v+ Y
4, h < q, € a} uhere,

_ (Y. v—=7a)(w—v) h
=h +
a4 h 7“‘/2_273“’"‘}‘)'5

75‘T"(7|‘V"Tz)I_V(72+7':‘T) ]

v 7V =27 vt s
(These restrictions stem from ¢ [H(d)=h]<h and #[H(d)=al>h
5. h<f(h)
6. ¢(hR)<h
7. h<#(a)

Condition 1 yields
(7|‘V2“273'V+75)(71‘,W2“273‘W+75) > 0.

Condition 2 can be reuwritten as

2(W_V)(7|'I+72+7:'T) < E
Y wr—273-ut7s :

0 <
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Hence: we have

(W—V)(yl'r+7z+7a‘T) > i
Yiwr—2Yut Y

[o%)

Whel"e yl‘WZ—zya'w+75 < O ¥
or

E (71‘Wz_273'w+75)

(W_V)(71'I+72+7:\'T) < 2

With respect to condition 4, in order that the value in the rool bhe positive

and 0 < q;, < h

(R < — R(Y w2=27:-ut 7s)h +2{u—v)(Y -1+ 7+ 7,-1)} < 0
71'V2_273'V+75

must hold.

Condition 5 can be rewritten as follows,

E"f' (W_V)(yx‘v"ya)}_l < 75'T‘(71'V"‘73)I_V(72+73'T)
71'\12_273'\1‘*‘75 Y!‘V2—273'V+75

=a
A

{b} Search for plausible values of v,
To compute the theoretical values of participation rates, we [irst need
numer’i_cal values for the preference parawmeters 71 (1==1, ---- + 5) and o,

As a first approximations values of 7; and ¢, obtained in the previous section,
Y. =-1,0 Y :=100,003 Y .=0,0797,
7. =6000.4 Ys =—1399.3, and ¢ ,=0,3839, were used,

Those values are first approximations because they are obtained making use of
the employment opportunity model where the nomprincipal earner’s income
from self-employed work was ignored.

Secondly, we need observed value for Ii' We used three levels of [,
[,=12,5018, [, =35.0735, and [, =57,7704 for 1964, Finally, concerning the
observed value for ws we have w-h=15.8 for 1964, where h is estimated as
h=0,3501, and hence w=45,13,

Inserting the values above, together with'tentative values for v, into
restrictions 1 through 5. we checked to see these restrictions were satisfied,

Tentative values of v ranged from 1 to 90 so as to Include the observed value

for w, 45,13,
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The intervals of the tentative values for v are 5. It was found that the
values of v satisfying the restrictions were 40 and 45 as shown in Tab.VI-lg*)

Next, we refined the process of the search, that is; (1) various sets of
values for 7-1 and g, are tentatively adopted, (numerical values of which were
tentatively given in the vicinities of the values cited on the previous page)
(2) the values of [i are adopled from the complete raﬁge of 19 classes of
principal earners' incomes in 1964, (3) the intervals of the tentative values
for v were narrowed down to 1, and (4) the range of tentative values of v
was also narrowed down to 35 through 50 instead of 1 through 90,

The results satisfying the conditions are shown in Tab, V[ -2, where U
stands for Theil’s U with respect to the fit of theoretical values to the
observati.ons, and ¢ stands for the value of the objective funclion( )which,
we expecty is to be minimized for the best set of parameters, It can be shoun
from the table that the values of v satisfying the restrictions and with
smwaller @ are 45 and 48, The sets of parameters, together with v's, which

were [ound to satisfy resirictions 1 through 7 are summarized in the table below.

Y. 100 150 200

Y. 0 10 20 30

7. 6000 7000 5000 9000
Y. -400 -1400 -2400 -3400
. 0.188 0.227 0,268 (*)
vo45 46 ()

g

(%)

Checking whether restrictions were fulfilled or not was carried out using
values of [ mentioned in the text, Values of h and A used for the check
vere as follows,

A max=1.0 A nin=0,25

h min=0,25 h nax=0.50

(t)h‘e use the objective function,

#do‘;‘d H o'lae Hoag - Moy
P=Z{{—— )+ (—— )2+ (—— )2} e,
/“d. #e uod.
Hence we are minimizing X 2.

~

Where n stands for the number of households,
(i) For computation, the value of h was assumed to be 1/3.

(+) The values for ¢, are computed using given values of ws h s Y25 Y3 and?s.
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Figures of parameters under which bars are attached give relatively

small values for @ (the smaller @, the more favorable). With regard to ¥ iy

7. and Y s: the values 0, 9000 and -3400 respectively are terwinal values of

the ranges for the parameters, Among those ranges; tentative values of

parameters were given to compute theoretical values for Moo Mg By

By employing those theoretical values and the corresponding observed

valuesy numerical values for the objective func;tion D were computed.

Examining values for ¢, it was foﬁnd, with respeet to 7, and ¥ s, terminal

values 9000 and -3400, respectively, yielded relatively smaller values of P,
Hence, we extended the range of trial values of the parameters 7, and 7s.

The range for Y was not extended hecause the analyses in the previous

sections show that positive values for 73 give relatively favorable results.

Thus we extended as shown below ranges for the values of 7, and ¥ s tentatively

d and ,ud.

given to compute (new) theoretical values for #%, u€
Y: 150
Y 0 10 20
VA 9000 10000 11000 12000

Ys  -3400  -4400 - -5400  -6400

The tentative value for | is fixed at 1/3, The computations were conducted
for the year 1984, Among the sets of parameters tried (See Tab. V1 -3) the

follwing sets were adopted.
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Case 72 Y
@ 3 150
@ 46 150 0
® 719 150 10
® 94 150 10
® 142 150 20

The observed and theoretical values of participation rates

7.
11000
12000
110600
12000
12000

Ys .
-5400 0,188
-6400 0,188
-5400 0,188
-6400 0,188
-6400 0,188

44
44
44
44

45 .379
. 254
45 .110
. 486
115

45 46

45 46
45 48

by ewmploying the above parameters are shown in Fig. V-13.

.280
.196

.709
. 334

.709

computed

The next step of the analysis is to search for the value of v for the

years 1961 through 1963,

parameters shoun as ~® in the above table,

was 30Sv<50 and intervals of the v values were set at 1.

We used numerical values of the preference

.184

. 250

The range of trial values of v

From Tab, V-4

it was found that the ranges of v satisfying restrietions 1 through 7 were as

follows,

Parameter set

@

36 veaS44
34SvesS44
35S ves S44
348 vea 544
3¢S veasdd

Ranges

J4Sve S 41
33=vs, 541
335ve2541
32< v, 541
325vsz 541

30Svs, £38
0<Svs, £38
30Sve; 238
30<vs,£38
30<v;, £38

{(x) @~® correspond to those in the above table.
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fig, W-13 (a)

VI—13 (#7901 —23)
1964 Case 31 7, =150, 75 =0, ¥y =11000, rs=—5400, 0 = 0.188, v = 44

PL
0.4
TU=. 268
T BRI 355
0 ~
04 *
=, 171
0 ) = 673
e
04 ”
U=. 271
0 e R%=_477
Case 31 7, =150, 73 = 0, 74y =11000, 75 =—5400, 0 = 0,188, » = 45
. 142
=, 269
. 245
=, 680
TU=. 313
R =_474




Case 46 7o =150, 73 =0, 7y =12000, r5 =—06400, 0 = 0.188, v =44

164
677

. 260
=.475

. 159
. 293

. 180
. 679

. 267
474
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Case 46 r; =150, 73 =0, 7, =12000, 7; =—6400, 0 = 0.188, v = 46

/Jd
04
0
0.4 “t
TU=.270
R?=.685
0
04 ued
TU=. 283
R:= 472
0
Case 79 7, =150, ry =10, r, =11000, 75 =—5400, o = 0.188, v = 44
d
04 #
TU=.241
ST RE=1330
0
04 #°
TU=.185
R%=.690
.ued
0.4

TU= 287
R%=.488 .
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Case 79 7, =150, 75 =10, 7, =11000, 75 =—5400, o = 0.188,v = 45

04 “
TU=. 294
2
. RZ=_486
Case 94 7, =150, 75 =10, 7, =12000, #; = 6400, o = 0,188, v — 44
d
04 H
. 197
T~ RE= 314
0
04 4°
0
04 #ed

TU=. 284
R%=_487
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Case 94 r, =160, 73 =10, r, =12000, s =— 6400, ¢ = 0.188, v = 45

TU=.182
R%= 696

TU=. 280
R%= 485

0.4 “°

TU=. 288
R%=.483




Case 142 r; =150, 7y =20, r, = 12000, rs =—6400, 0 = (.188, 2 = 45

0.4 4
T RE=279
0
0.4 #°
. 190
. =, 710
04 ﬂed
. 298
=. 493
Case 142 7, =150, r3 =20, 7, =12000, 7, =—6400, 0 = 0.188, v = 46
d
04 #
148
.251
0
0.4 #°
264
. 716
04 ,Lled
. 299
. 491
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Fig, W-13 (v)

plots of the estimated non-participation ratios of the four selected cases
and the actual non-participation ratio

l_ﬂe_ .ua_#ed

! Case 142(45 ) O
—o-"72 Case 94(45) X

oLy Case 46(44 ) -

o aergzzeETT T Case 46(45) A

0.5




Fig.Vi-14

1964 (#£79—08—11)
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1963
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continued

1962
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1961
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Among the sets of parameters, those with relatively small values for @
are listed in Tab, W-5. [t can be seen that the ranges of v found to be
consistent with the theory (i.e. satisfying the theoretical restrictions) are
fairly stable among the various sets of preference parameters, (D through ®.
Secondly; minimun and maximum values for the ranges for each year slightly
increase from 1961 through 1964, This seems to be consistent with the
experience in Japanese economic growth during those years, MWe can see that
plausible values for v appear to he 45 and 46 for 1964, 41, 42 and 43 for-1963,
39 and 40 for 1962, and, 32, 33, 34, 36 and 37 for 1861, The underlined figures
are those which appear most frequently among groups of the parameters ( 7]' a.,)

1 through 5 for each year.

ed

Fig. V1 -13(h) indicates that the sums of {le, #°%, and 28 are
underestinated, Hence, it appeared necessary to augument the intercept of the
marginal utility curve of income 7. and to reduce that of leisure 7., Before
doing so, a preliminary test was conducted, making use of data for 1864,
to examine if restrictions 1 through 7 were violated by slight shifts in
parameters 7, , Ys and 7 i, The results were;
(a) Shifting Y2 frow 150 to 195 (intervals are 5) does not vielate the
restrictions
(b) Shifting 7. from -6400 to -6700 (intervals are 100) does not violate the
restrictions
{(c) Shifting Y3 from 0 to 10 (intervals are 2) does not violate the
restrictions,

By taking advantage of results (a) (b) and (e¢), we set the irial level of
parameters as shown in Tab. (A), where intervals between testing levels are

narrowed compared to previous ones,
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Tab. (A)
Y. 150 155 160 165 170
Ys 0 2 4.6 8 10
7. 12000 11900 11800 11700
rs -6400 -6500 -6600 -6700
o, 0,188 0,183 0,198
h 1/3

175

116006 - 11500

By waking combinations of numerical values of the parameters listed

in the table, we obtained parameter sets,

conputed theoretical values for %,

ued

and M

For each of these sets, we

d. Among those results,

sets of parameters with favorable @ , TU and AAPE were selected as shown

in the following table (B).

Tab. (B) (*)
Results for the year 1964

TU, TG,  AAPE'  AAPE?

1 573 .646 297.5 310.3
2 .577 .643 207.8 218.9
3 .813 .92 116,8 141.0
4 737 .79 119.9 131,0
5 .797 .860 118.8 132.7

Vg4 Vea Vg2 Vel
1 45 42 39 36
2 45 42 39 36
3 45 43 40 37
4 45 43 40 37
5 45 43 40 36

o

359.7
125.3

15,0
15.4
13.9

Yz 7, A Ys Oy
150 6 12000 -6700 .188
150 12000 -6700 .188
165 0 12000 -6700 .188
160 0 11900 -6400 .198
165 0 12000 -6400 .198

(x) Suffixes 1 and 2, respectively indicate the values
when non participation probabilities are exeluded

and included,

The estimated values for %, u

ed

and .Ud

are depicted in Fig, VI -14,

It can be seen that the fitting for #€ has, to some extent, improved

but considerable systematic disecrepancies between theoretical and observed
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values for ﬂld remained, fHences in order to reduce these discrepancies,

the Newton method was used to estimate a better set of values of preference
parameters making use of the values shown in Tab. (B) as initial

values for the computation. However, the results of appling the Newton method
did not sec¢m to be successfuly because at the point where the objective
function attained its local maximum, the initial values of parameters

ed and 4% did not

did not change sufficiently, so that estimated #% , u
closely approach to the observed values,

Heuce, we might suspeect that the diserepancy between the estimated
and the observed values did not stem from the estimation wethod ewployed
but from. some inadequacy in the model itself. However, it seems that
we should not discard the basie characteristies of the model under
consideration, because we have succeeded, at least te some extent, in
following the basic characteristics of the observed data; that is, the

d

upward convexity of the tld curve and downward sloping #°% and #°€ curves.
Neverthless, it seemed that we would not be able to proceed further

without altering some part of the present mode! because the ranges of the
parameters satisfying the theoretical restirictions are fairly narrow

and we cannot expeet any further sets of parameters will contribute to reduecing

ed and I-fd.

discrepancies between estimated and observed values of #%, «
In fact the model seems to have one point, at least, that needs to be
modified; that is, 74, the intercept of the marginal utility line of leisure,
has been assumed to be written as 7, -u , with the (density) distribution
function of u being log-nowal, This is equivalent to assuming that the
minimum value of ¥4 is zero, an assumption which connot be expected to

result in favorable approximation., Hence, we shall rewrite the model

taking into account this point.
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[6.3.2] Introduction of ¥ % and the estimation of the parameters

We rewrite the mode! replacing 7.-u by
) ri+ Fws ¥ >0

where 74 stands for the minimun value of ¥, distributed among households,
Hence, ¥ 4's in the previous model are replaced by 1). Making use of this
rewritten model, we shall reestimate the parameters of the preference function,
Now, perameters other than ¥ have been estimated in the previous section.
We use those estimates as initial values for ohtaining second approximation
estimates of the parameters together with the newly introduced 7§ .
First we must determine the plausible range for Y satisfying restrictions
1 through 7, We tentatively set this range from 0 to 1920, Computation
results indicated plausible values for 73 were from 0 to 800,
Next, we narrowed down the range of tentative values for 77§ .
The values 0, 10, 40, 120, 320 and 800 were adopted and, together with the
values for )’: s the numerical values for 7 s were simultaneously varied from
-8000 through -6800, the intervalbs being 100, The values for the other
parameters tentatively assigned are shown in the table (C).

Making use of combinations of the values for 73 and ¥ s mentioned above,

#ed d

estimates or theoretical velues for €, and #° and values for the
objective function ®-were computed. Among those results, cases

satisfying the restrictions are shown in Tab, V[-6.(*) However, it should

be noted that plausible sets of parameters might have been excluded

because of the large size of intervals for tentatively assigned values of the
parameters. In order to check this point, we alternatively took 0, 2, 4, 6,

8 and 10 for 7, and 0,178, 0,180, 0,182, 0,184, 0.186 and 0,188 for o,

(%) other parameters are given on the next page.



case Vea

1 45
2 45
3 45
4 45
5 45

Vo3
42
42
43
43
43

Voz

39
38
40
40
40

Tab, (C)

Vs
38
36
37
37
38

7
150
150
165
160
165

14
6
4
0
0
0

3

A
12000
12000
12000
11900
12000

7y
0.188
0.188
0.188

0,198

0.188

These values are reproduced from the table (B) on the previous page.

Assigned values for ¥ s and y% are as follous,

7 s -8000, -6100, -6200,

-6300,

-6400,

i 0, 10, 40, 120, 320, 800 (*)

-6500,

-6600,

-6700,

-6800

1/3
1/3
1/3
1/3
1/3

foot note

(%) The values of 7, in Tab, (C) were used for the initial values of 7.,



Tab, VI—9

r, 1y 74 :
1 150. 6. 12000, @ 150. 2. 12000. (3 165. 0. 12000.
g : . 188 | .188
188
7 7y 7 n | re 5 ] n r s
1 0 — 6300 1 0 — 6300 1 0 — 6300
2 — 6400 2 — 6400 2 — 6400
3 — 6500 | 3 — 6500 3 — 6500
4 — 6600 4 — 6600 4 — 6600
5 — 6700 5 — 6700 5 — 6700
6 10 — 6300 | 6 10 — 6300 6 10 —~ 6300
7 — 6400 7 — 6400 7 — 6400
8 - 6500 8 — 6500 8 — 6500
9 - 6600 9 —~ 6600 9 — 6600
10 — 6700 10 — 6700 10 — 6700
1 40 — 6300 1 40 — 6300 1 40 — 6300
|12 — 6400 12 — 6400 12 — 6400
13 — 6500 13 — 6500 13 - 6500
14 66600 14 ~ 6600 14 — 6600
15 —~ 6700 15 — 6700 15 — 6700
16 — 6800 16 120 — 6300 16 120 — 6300
17 120 — 6300 17 — 6400 17 — 6400
18 — 6400 18 ~ 6500 18 — 6500
19 ~ 6500 19 — 6600 19 — 6600
20 — 6600 20 — 6700 20 — 6700
21 — 6700 I3 — 6800 21 — 6800
22 ~ 6800 22 320 — 6300 22 320 — 6300
23 320 — 6300 23 — 6400 23 ~ 6400
24 — 6400 24 320 — 6500 24 320 — 6500
25 320 ~ 6500 | 25 — 6600 2 — 6600
26 — 6600 26 — 6700 2 — 6700
27 ~ 6700 27 — 6800 27 — 6800
2 —~ 6800 28 800 — 6300 28 800 — 6300
| 29 800 ~ 6300 29 — 6400 29 — 6400
30 ~ 6400 30 — 6500 | 30 — 6500
| 31 — 6500 31 ~ 6600 31 — 6600
32 — 6600 32 — 6700 32 — 6700
33 6700 33 = 6800 33 —~ 6800
3 ~ 6300




(4 160, 0, 11900, (6) 165. 0, 12000,
. 198 .198
n rf g n re 7g
1 0 — 6300 1 0 — 6300
2 — 6400 2 - 6400
3 10 — 6300 3 10 — 6300
4 — 6400 4 — 6400
5 40 — 6300 5 — 6500
6 — 6400 6 40 — 6300
7 120 — 6300 7 — 6400
8 — 6400 8 ~ 6500
g — 6500 9 120 — 6300
10 320 — 6300 10 — 6400
11 ~ 6400 11 — 6500
12 320 - 6500 12 — 6600
13 — 6600 13 320 — 6300
14 — 6700 14 — 6400
15 800 — 6300 15 320 — 6500
16 — 6400 16- — 6600
17 — 6500 17 — 6700
18 — 6600 18 — 6800
19 — 6700 19 800 — 6300
20 — 6800 20 — 6400
21 — 6500
22 — 6600
23 — 6700
24 — 6800

91
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Using combinations of the given values for ¥: and 0. , we examined
if the theoretical restrictions 1 through 5 were violated. It was found
that no case violated the restrictions. To further substantiate this
conclusion, we extended the range for Y4 from 0 through 40, The intervals
of tentative values were 8, The trial levels for o, were the same as the
previous ones. Combinations of the values for Y5 and ¢ « were checked
against restrietions 1 through 5. Again, the results showed that there
were no cases violating the restrietions.

Taking into account the results of these preliminary test, it was
thought that there was little chance that any combination of parameters
would violate the restrictions for the ranges checked even though combinations
actually tested were limited in number. Hence, we proceeded to computation
for estimating parameters making use of the steepest ascent method,

Initial values of the preference parameters were tentatively chosen as,

0,=0,188, 7,=150, 7¥,=2, 7F.=12000, ¥ s=-6700 and ¥ =40
with other parameters given as i =0.33, wzs=47.4, vis=45, w3s=44.10
vas =42, ws»=41.70, v,,=39 wys=38.4 and V35=36,

The‘objectIVe funetion X*? was computed by employing the entire data
set from 1961 through 1964 and the corresponding estimated values for the
parameters,

However, before we proceed to the estimation results, one point should be
made., According to the experience of previous estimation and the preliminary
estination which used the above mentioned set of initial values, it was found
(1) that when we allow all the parameters to vary, sowe parameters, sometimes,
clearly do not attain their optimal (minimizing X?2) value for ranges
fulfilling the restrictions and (2) that when we allow o, and 7 .° to vary,
other parameters being fixed at initial values, the speed of convergence for
Y. is extremely slow, These experiences show that some parameters barely
attain convergence when their initial values and/or initial values for the

other parameters are not appropriate,
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Consequentlys to hegin with, we shall vary numerical values of a few
parameters to whieh initial values are attached, In the first place, we shall
allow v only to vary because we have some information for the values to be
estimated, That is, the observational period under consideration is & period
of fairly steady growth as shown by the growth of w as well as the growth rate
of GNP, Hence, the parameter v to be estimated is expected to grow, At the
very least, descending values or radical random movement in v can be ruled out.
This constitutes information for estimating v, That is, if we have estimates
(or convergence values) for v that exhibit counter-intuitive movement, it is
probable that the initial values for other parameters are inadequate.
Consequently, we should allow parameters other than v to vary in order to
miniwize Y ?, and after that, we have to vary v by employing the newly
obtained values of other parameters as given. After this, we should examine
if the estimated values for v are consistent with the other information,

As a “postulate” for the estimations, we consider (1) the parameters
Yir Y2s Yss Tas Yss Y4 and 0, to be constant for all the observational
years and for all the principal earner’s income classes and (2) w, v and |
are considered to vary from year to year but are considered to be

constant cross-sectionally., We minimize
&y (1=1961,.......,64)

instead of 2& @t . After obtaining QES thus minimized we calculate

3 &’t y where fbt stands for the ainimized value of <Dt for each year,
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Experiment |

As was mentioned previously, we start from the estimation of v,

1964 63 62 61
Y -1 -1 -1 -1
d 150 - 150 150 150
Y 2 2 2 2
T 12000 12000 12000 12000
s -6700 -6700 -6700 -6700
& 40 40 40 40
7, 0.188 0.188 0.188 0.188 o
h 0.333 0.333 0,333 0.333
w 47.4 44,1 41,7 38,4 543,298
v, 45 42 39 36 !
x (45,51) (42.63) (40.35)  (37.48)  (464.330)

Parameters except for v are held constant at their initial values.

vt's are varied so as to minimize dbt ‘s, The result of the estimation is

shown in the table, The estinates for vt's seem to salisfy estimation postulste,

(%) values in the parentheses are the convergence values.

Experiment 2,

1964 63 62 61 @
v 454548 42—+42,63 39-40.35 3637, 48 543.298
o, 0.188—0.13675 0.188—0,17675 0,188—0,17675 0,188—+0,17675 |
Y  40-25.3  40-25.3 40-+25.3 40-25.3 431,099

Initial values for Y2y Y3: 7. and ¥ s are held constant at the same
levels as in experiment 1, and ¢, ane 7. together with v, are varied,
Estimates for the parameters are shown in the table below. It should
be noted that the estimates vi's are similar to those obtained in
experiment 1, Also, the direction of changes in the theoretical

d

(estimated) values for ﬁlf, M and lltd stemming from changes in the

a . . -
values for o,, ¥, and vt's is same 3s that observed in experiment 1.



The switching algebraic sign of Y1 and the low speed of convergence
whieh was experienced in preliminary estimation before experiment 1,
did not oecur in this experiment, l
[n the preliminary experiment Y ¢y together with ¢ ., was varied, but
in this experiment vt's were allowed to vary together with ¥ and ¢ ..
Hence, allowing vt's to vary caused Y% to have a stable sign and also
eliminated the problem of convergence speed.

d and ”ed

The fitting of ecross sectional! estimates for #%, u
obtained by making use of the parameters estimated to the observed values in
1964 is fairly good. However, the estimates were not as good for the observed

data for 1961 to 1963. In particulary #d and #° are underestimated.

95



Experiment 3.

A v w 7. P
1964  45.51 47.4 462,33
63 42,63 441 12000 !
62 . 40.35 41.7 113%7.5 447,71

61  37.48 38.4

0,=0,188, ¥.=150, ¥ .:=2, ¥s=-6700, 7 31=40, | =0.333

B v w Y P
84 45,48 47.4 431,32
63 42,63 44.1 -6700 i
62 40.35 41.7 -696%.5 356,12
61  37.48 38.4

0.,=0.17675. ¥.=150, ¥,=2, 7,=12000, ¥.=25.3.  =0,333

c v W Ys ¢
64 45,51 47,4 462,33
63 42.63 44.1 . 6700 l
62 40,35 41,7 -6761'2.5 445,64
61 37.48 38.4

0,=0.188, 7.=150. 7,=2, 7.=12000, ¥ =40, h =0.333

D v - u 7. @
64 45.48 47.4 431.32
63 42.63 44,1 12000 l
62 40,35 41,7 1]77l5 430,33
61 37.48 38.4

g,=0.17675, ¥.=150, ¥,=2, ¥s=-6700, ¥ 1=25.3, h =0,333

This experiment examined the effect of varying 7, and ¥ s respectively,
The results are shown for cases A through D, In cases A and C, we used
estimates for vi obtained in experiment 1, while in cases B and D those
estimates obtained in experiment 2 were used. Other parameters except

for 7. and ¥ s are held constant during the four years, 1961 through 1964,



the values of which are shouwn in the table in experiment 1, and are common

to all cases A through D (with the exception of @),

More specifically, in cases A and D, 7, is allowed to vary, while in cases

B and C ¥« isy while in cases A and C the value of o, is the one used in
experiment 1, while in cases B and D the value of o, estimated in experiment
2 is ewployed. The purpose of using alternative values for v and @, is to
check if the estimates for 7. or ¥ s.: respectively, are affected by slight
differences in the values of parameters which are held constant for the
estimation of 7, or 7s. As shown in the table, the estimates of 7, and ¥

were fairly stable for cases A and D and cases B and C respectively,

Experiment 4.

64 63 62 61

v 45.51 42,63 40,35 37.48

w 47.4 44,10 41.70 38.4

7, 0.188 0,188 0.188 0,188 P
72 150 150 150 150 458, 42
75 2 2 2 2 l
7. 12000—12112.5 12000-11875 12000—11887.5 12000—11875 430.87
7. 40 40 40 40

7s -6700 -6700 -6700 -6700

3 0,333 0.333 0.333 0.333

The purpose of this experiment was to check if the estimates for 7,
are stable for the four years, 1961 through 1964. Hence we allow the
estimates for 7, to vary from year to year in contrast to experiments
! through 3. In those experiments estimates for 7., as well as other
preference parameterss Yz, Yas ¥sy 74 and ¢ ., were obtained by using

the postulate that preference parameters should be stabie over time.
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Experiment 4
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Experiment 6
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Experiment 8
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Experivent 10

FF?W ~-15—-10
1964 ¢ 0.17893750 1963
rz 150
2 - 0.7
re 120125
Ts — 6862.5
qu 70.7
0.333 ~ 0.33458
e
03 03 % 2 —+9.6875
e A 0.333-0.33083
2,
0.2 0.2¢
My Hed
0.1 0
. 1 N
& 10 15 5 10 15
1962 1961

173 « 2 13

0.328 « 0.3334

rs 163715 ~ 2
h 0328 — 0333

; o3t

¥ 0.2F
"y

0.1f 0.1

m He
Ay

d
5 16 P 15 5 His 15




03

0.2

0.1

Experinent 11
FF?W- 15—11

1964

h 0.333
¢ 0188
ra 2.00
s 12000
Ts, ~ 6700

T4 40
r: 150 - 1475

1963

Tz 350 - 152.6

0.3

0.2

0.1

03
\.\' e
AN
"\
A g2 '\
)
\'\ v A
0.1 7 ¢
3 \.\'\’
"
\.\\ ]
“,
5 10 15 et 5 10 15 He
1962 K 0.333
o 40
) 2
7. 0,188
Ts, 12000
T — 6700
T2 150 ~ J53.7
By
\\'
& .
N 4 \
\l
N\ TN
i \\. \\ Hey
. - \\
1 A
5 10 15 Hed

111



112

Experizent 12
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Experiaent 13
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Experiment 14
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Experiment 15(B)
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Numerical values for parameters which are held constant for the
estimation of ¥, are shown in the table in experiment |, Estimates obtained
for 7, are indicated with an arrow. The estimates for the four vears strikingly
resemble each othery but on the other hand, the fitting of theoretical

d and Jled

values to the observed values of #% , 4 is not good, lHence,
there remain considerable discrepancies between observed and estimated

values as shown in Fig.V[-15-4 and it is therefore necessary to change the
numerical values attached to the preference parameters, ¥:y 7234 Yss 0,

and Y :. Awong those parameters we first reestimate o, and 7 3.

Experiment 5,

The initial values for w 5y v and |

1964 1963 1862 1961
W 47.40 44,10 41,70 38,40
v 45.51 42.63 40,35 37.48
h=1/3

Tu Y: 72 T Ys I o

1964 0.188—0.188 150 2 12112,5 —6700 40—70,7
1963 0.188—0,188 150 2 11875.5 —B700 40—71.4 431.05
1962 0,188—0,188 150 2 11887.5 —6700 40—-35.7 i
1961  0,188—0,188 150 2 11875,0 —6700 40-33.6 429,66

In this experiment o, and 7. are allowed to vary simultaneously. For the
value of 7, , we employ the better one obtained in experiment 4, Estimates for
¢, and ¥ are shown, together with values for the parameters which are

held constant, in the above table, ¢, and 73 are allowed to vary from

1961 through 1964, Results show that estimates for 6, are almost the

same as the initial values, but that estimates for Y% in 1961 and 1962

and in 1963 end 1964 respectively resemble each other, In terms of

fitting, it is not elear there has been any significant improvement.
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Experiment 6,

64 63 62 61
Ys -6700 -6700 -6700 -6700
7. 12112,5 11875.0 11887.5 11875.0 o
7 70.7 71.4 35.7 33.6 ~  429.66
Ya 2.0 2.0 2.0 2.0 !
w 47.4 44.1 41.7 38.4 389,80
v 45,51 42,63 40,35 37.48
.  0.188 0.188 0.188 0.188

! ] l A

0.1789375 0.17346875 0.17221875  0,18180625

One -point to be noticed among the results of experiment 5 is the apparent
constancy to three decimals of the estimates of o, over time. However,
the estimates {or convergence values) seem to he affected by the numerical
values for other paranmeters which are held constant for estimation., In order
to check this point, we tentatively replace the initial values for Y3 used in
experiment 5 by the ones estimated in experiment (5), We allow o, only to vary
and let the other parameters be given as shown in the table. Estimated values
for o, are stable over time, that is, the estimates closely resemble each other
and differences between initial and convergence values are small for each year.
This is a favorable result that way ensure the stability of the preference
parameters over time, However, on the other hand, the fitiing of theorelical
values to observed values is not so easily improved, as shown in Fig. V[-15-6,
In particular, there més systematic underestimation for the three years,

1961 through 1963,
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Experiment 7,

1964 63 62 61
Y2 150 150 150 150
7 2 2 2 2
7 11875.0 11875.0 11875.0 11875.0
Y -6700 -6700 -6700 -6700

i ! ! i

-6862.5 -6937.5 -7037.5 -6825.0
Y. 70.7 71.4 35.7 33.6
¢,  0.17893750  0,17346875  0.17221875  0.18190625
v 45,51 42.63 40,35 37.48
" 47.40 44.10 41.70 38. 40

In the prvious experiments, 1 through 6, we did not allow 7 s to vary,
Here, Y s is allowed to vary in order to improve the [itting for 1861 through
1863. In this experiments we do not use the a priori information that 7s
should be of the same value during the years, 1961 through 19684, because

we want to test the stability of estimated values for 7.
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1961

1962

1963
1964

d

estimates for #° and #ld s approach the observed values, while

~

#ed‘s exceed those values, ﬁld approaches the observed values

but not sufficiently.

Le and Ld sufficiently approach the observed values, but A!ed's
do not.

the same tendency as 1962,

the same as 1962,

It can be seen that the estimates for Y s for each year are stable

during the estimating period. This is a favorable result for the postalate

that

preference parameters are stable across years.

Experiment 8,

64 63 62 61
¢,  0,1789375 0.1735 0.17221875  0,18190625

Y, 150 150 150 150 o)
7 2-1.9 2-7.3 2-13.2 2—10.2 313,033
7 12112.5 11875.0 11887.5 11875.0 !
7s -6862.5 -6937,5 -7037,5 -6825.0 284,946
Y4 70,7 71.4 35.7 33.6

We have not vet allowed 73 to vary. In the same manner as for ¥s in

experiment 7y we allow Y3 to vary in this experiment, 7 is fixed at the

values obtained In experiment 7, and the values for other parameters, except

for Y 3, are given as in experiment 7.



1961 62 63 64
Y 10.2 13.2 7.3 1.9

As shown in Fig, V[-15-8, the effect of changing the value of ¥ is
remarkable, Considerable improvement in the fit is observed, for the first

time, for years 1961 through 1963,

Experiment 9,

64 63 62 61
e,  0.1789375  0.1735 0.17221875  0.18190625
Y2 150 150 150 150
Ya 2 2 2 2 )
7 12112.5 11875.0 11887.5 11875.0 313.0334
7s -6862.5 -6937.5 -7037.5 -6825.0 !
Y 70,7 71,4 35.7 33.6 310.8691
R 0.333 0.333 0,333 0.333
) 1 1 i
0.33458 0,332 0.332 0.332

In this experiments parameter f only is allowed to vary. Other

parameters are fixed at the values for experiment 7.

1961 62 63 64
0.332% 0.332 0.332 0.335

(% initial values are all 0.333)

The estimates of f for four years are stable over tine. However,

no remarkable improvement can be seen in the estimates obtained,

123
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Experiment 10.

64 63 62 61

Y. . 20,6875  2—9.6875 2—17.3125 216,375 P

R 0.333-0.33458 0,333—0,33083 0.333—0.32833 0.333—0.32833 313.0334
LA 12112.5 11875.0 11887.5 11875.0 i

Ys -6862.5 -6937.5 -7037.5 -6825,0 267,657
74 70.7 71.4 35,7 33.6

o, 0.17894 0.1735 0.1722 0.1819

Taking into account the results obtained in experiment 8 and 8,
we allow 72 and h to vary simultaneously, Changes in the estimated values
for ¥; from the initial values can bee seen especially in 1963 and 64, and

the estinmated values fit the observed values somewhat better,

1964 63 62 61
Y 0.6875 39,6876 17.3125 16,375
h 0.3346 0.3308 0.3283 0.3283

Experiment 11,
In this experimentsy 7 : only is varied, other parameters being fixed at

the initial values given in experiment 1, Estimated values for 7. in years

1961 through 1964 are as follous:

1961 62 63 64
153.7 153.7 152.7 147.5

Over time, the estimates are fairly stable. The results show

fairly good fit for the 1964 data but underestimates were obtained for

the other years.
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Experiment 12,

1964 1963 1962 1961 ¢
Y- 150—148,7 150—153,7 150—158.7 150—161.2 54%:298

h 0.333—0.33833 0.333-—0.333833 0.333—0,3458333 0,333—0,3470833 407.7284

We allow 7 : and h to vary simultaneously in this experiment.
The values for ¥4y Y3+ s %o 75 and o, are fixed at those values used in

experiment 11, The results are listed in the table bhelow,

1961 62 63 64
72 161.2 158.7 153.,7 148.7
h 0.3471 0.3458 0.3383 0.3383

Little difference is found between the values for 7, estimated in
this experiment and those in experiment 11, The values for ¥ :'s and
h’s are respectively fairly similar dmong the years.

The !ld‘s for the years 1861 and 1963 are still underestimated and also
are underestimated for the upper principal earners’ income classes in

the vear 1962. The fitting of the " ‘s are somewhat Improved for 1964,

Experiment 13,

As is shown in experiment 5, discrete changes in the estimates for
Y% are observed as time passed; that is, those estimates for 1963 and 1964
are larger than those for 1961 and 1962. Also we have found that estimated
values for other preference parameters, Y., 7. and so on, are fairly stable

over time, with the exception of Y3, Therefore, it is reasonable to

hypothesize that all the preference parameters,
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Yer Yar Tar Yss 75 and o ,: are respectively constant over the years
1861 to 1964 (Y ,=-1). That is, significant differences in the estimates for
Y4: and 0., respectivelys might stem from the inadequacy of the values for
other preference parameters used in experiment 5 and 8. (The significant
differences in estimates among years appeared in experiments 5 and 8), Hence,
calculating mean values of the estimales for ¥ (° and @ ,, respectively for the
time period 1961 through 1964, we obtain 7 .° == 52.85 and 7, = 11,0156,
Making use of those values for 7 ; and 7, aund those values for other
preference parameters given in experiment 9, we allow ¥ only to vary,

By doing so we obtain estimates for ¥ : as follows.

1961 62 63 64
152.5 150.0 150.0 151.2

It should be noted that differences in yearly estimates of Y. are
less than those obtained in experiment 12 where we did not use mean values
for ¥.° and 7 a1, Also the magnitude of the objective function @ in this
experiment is smaller than that obtained in experiwent 12. Thus, it may be
concluded that the results of this experiment tend to verify the above

hypothesis,

Experiment 14,

1964 1963 1962 1961

Y 150.0 | 150.0 151.2 153,7 151,225
h 0.33208 0.33083 0.33083 0.33083 0.3311425
A 12112.5 11875.0 11887.5 11875.0 11937.375
Ys -6862.5  -6937,5 -7037.5 -6825.0 -6915.625
T, 0.17894 0,1735 0,1722 0,1819 0.176625
Y 52.85 52.85 52,85 52.85 (52.85)

7, 11.015625 11,015625 11,015625 11,015625 (11,015625)
v 45,51 42,63 40,35 37.48

w 47.4 44.1 41.7 38.4
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The stability of the estimates for Y : over time is confirned by this
experimentwhich allows 7, and f to vary simultaneously. The results are

shown in the following table,

1961 62 62 64
72 158.7 151,2 150,0 150,0
h 0.3308 0.3308 0.3308 0.3321

Although slight successive reduction in the estimates for ¥, are observed
during‘four yers, the estimates are fairly stable and those for | are
extremely stable, The magnitude of the objective function in this experiment
is also swaller compared to that value calculated with the initial values of

preference parameters,

Experiment 15,

Taking into account the results of experivents 13 and 14, that
estimated values for the parameters are stable over time, the values
for preference parameters, 7., Ys: 0, Y3 and 7, are respectively fixed
at mean values of estimates for the years, 1961 through 1964 in this
experiment,
We allow two of the three parameters § + v and 735, to vary simultaneously

as is shoun in the following table, (&) through (e¢).

a) h and v are varied.

1964 63 62 61
h 0.3311 0.3364 0.3311 0.3261
v 45,51 42,20 40,27 37,97
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These parameters are not preference parameters which are assumed to be
constant, but vather are the assigned hours of work and the earning rate for

self employed work which may vary over time,

. -~ - 9
b) ¥: and h are varied sinultaneously, The estimates for 7y have been
observed to change over time since experiment 5. In this experiment,
- . . o -
we examine if estimates for ¥ . vary when using the set of parameters

fixed at mean values, The results are:

1964 63 62 61
y 130.9 72.9 -21.3 -25.2
R 0.3311  0.3311  0.3311  0,3311

The variation in the estimates for ¥ .° reappears. However, the magnitude
of the objective function is larger compared to the value obtained the value
obtained in experiment 14 where 7 .° was held constant over time, Hence, it
can be seen that allowing estimates for ¥ 4° to vary has no real merit,

That is, we can obtain a better set of preference parameters by holding ¥ .°

constant and choosing better values of the other parameters,

(¢c) 71 and v are allowed to vary.

The estimation results are as follous,

1961 62 63 64 - o
y -25.2 -25.2  68.5 130.9 327.078
v 37.38 40,15  42.54 45,51 306, 992

In this experiment variation in the estimates of Y3 reappears as
in experiment (b). In this case, although the maginitude of @ is a
little swaller than that in (b), it is larger than ¢ in experiment 13
or 14 where Y is held constant. Hence, it can be seen in this case
also, that allowing 72 to vary over time has no merit in improving the

fitting of estimated to observed valves,
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Experiment 16,
1964 1963 1962 1961

45,51 42,63 40.35 37.48
i ! ! !
43.07 42,09 40.26 37.56

47,58 44,43 42,02 38.69 Le3)
w 1 i i ! 323.03041
45,85 44,43 42.50 39,28 l
211,3309%

0.176625 0.176625 0,176625 0,176625

7 . { ! ! l
0.151625 0,151625 0,151625 0,151625
151.2 151,2 151.2 151.2
1 ! { i !
146.2 146,2 146.2 146.2
11,0 11,0 11,0 11,0
Y l ! i 1
-0.2 -0.2 -0.2 -0.2
- 11937.4  11937,4 11937.4 11937.4
7 { l l l
12399.5 12398.9 12399.9 12399.9
-6915.6  -6915,6 -6915.6  -6915.6
Vs d 1 ! i
-7815.6  -7815.6 -7815.6 -7815.6
52.9 52.9 52.9 52.9
Y.° l l ! i
53.7 53.7 53.7 53.7
0.33 0.33 0.33 0.33
l i i i
0.34 0.34 0.33 0.33

Taking into account the results obtained by the previous experiments,
it way be argued that there is no strong evidence contradicting the assumption
of the constancy of preference parameters over time, Therefores if the
parameters are, at least locally, identifiable we will obtain more favorable
estimation results by making use of the a priori information that preference
parameters are constant over the years. Hence, in this experiment we use as
initial values for the parameters the average values for four years with

respect to prelerence paramelers:; ¥ 2y Yas Tos Yse ¥ 4° and o, which are
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listed in the table in experiment 15, Other parameters, w, v and f are of

course allowed to vary over time. Initial values for these are also listed

in the tahle. Making use of these values as initial values for the parameters,

we can estimate all the parameters by allowing all of them to vary

simultaneous)y. Al] the estiwmates for the preference parameters are

restricted to be constant over time. The results are shown in the last table,
The steepest ascent method was employed for estimation, The speed

of convergence in the process of obtaining estimates was faster than

that in experiment 15. It can be seen that we attained the best fitting

results amongst all the estimates obtained in section V[, That is,

the problem of systematic underestimation for lld was resolved except

for the lower income classes in 1964, and fittings for #° and “ed were

improved,



SUMMARY and CONCLUSION

1. The aims of this book have been twofold: (1) to clarify the mechanism by
which the quantity of labor supplied in terms of probability and that supplied
in terms of optimal hours are interrelated, and (2) to examine various
wmechanisms to deseribe this, using a quantitative and autonomous system based
on income-leisure preference functions. Hence, mathematical models for
deseribing the determination of labor supply probability were consturcted. By
applying suitably designed experiments‘to those mathematical models, the
nunerical (quantitative) models were tested against data.

2. As a starting point, the most basic and simplest case was analysed. To
that end, models for household with a gainfully employed husband and a wife who
is either enployed or is not were presented, This type of houschold is called
type-A.

For type-A households, two kinds of models were constructed, an employment-
opportunity mode! and an employee-self-employed model. The former is a model
in which possible earning opportunities for self-employed work for wives are
ignored for the sake of brevity and the latter models both earnings
opportunities,

The enployment-opportunity model was tested against the data for the years
1861 through 1964 and was found to not be entirely satisfactory. The latter
model, the ewployee-self-employed model, assumes wives confront employment
opportunities défined as a combination of the wage rate, w, and assigned hours
of works h » and alternatively as sell-ewmployment with given earnings rates
but variable hours of work, Hence, when selfemployed wives can freely choose
as their actual hours of work those which maximize their utility indicator
functions, The model thus describes wives® probabilities of work for employee

work only, for self-employed work only, as well as for both symultaneocusly.( %)
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(*) In the employwent-opportunity model, the determination of the employment
participation probability #° (#°=snumber of wives gainfully employed as
enployees/number of wives) is discussed. In the employee-sell-employed

model, the participation probability for self-enployed work #% (#9=pumber of
wives self-employed/number of wives} and the double participation probability
(#°*=znumber of wives gainfully employed symultaneously both as employee and
self-eaployed) are discussed together with u°,
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3. In the first part of this book, income-leisure preference parameters for
each year, 1961 through 1964, were estimated making use.of the employment -
opportunity model. However, the estimates of these parameters fluctuates
over times and some sets of the parameters for some years did not satisfy the
necessary conditions for stability, At most, the employrent-opportunity model
way sometimes serves as a {irst approximation model,

Therefore, a wore precise model, the employment-self-employed wmodel,
was introduced and the preference parameters were estimated, For estimation,
initial values of the parameters were needed; and forthis the values of the
parameters obtained from the employment-opportunity mode! were used., A summary
of the results of the estimation are given below.
(a) The three kinds of participation probabilities, #°, < and #°*, observed
from cross sectional data classified by principal earners’ income size for each
years change from year to year., [t was shown that those changes could be
explained by yearly changes in the wage rate, w, hours of work assigned by
employers, h » and the earning rate for self-enployed work, v.

Estimates of the parameters for income-leisure preference functions were
fairly stable across the four observed years 1961 through 1964,
(b) The income-leisure funetion used in the analysis was of the Allen-Bouwley

(quadratic) type,
=47, -X*+7;-X+7:;-X-A+7Y: - A++E7s- A2

where X and A respectively stand for income and leisure, ¥; being parameters,
This Allen-Bowley type preference function was suitable for labor supply
analysis for the observationa! periods considered,
{¢) The estimated preference parameters include those for the density
distribution funetion of preference parameters. The distribution funetion is
assumed to describe differences in preference among the households considered.
Two alternative hypotheses, i,e., (O the value for 7. differs among
households and @ the value for ¥, differs among households, were examined
against the data. It was found that the latter hypothesis was preferable to the
former, Hence, we introduced a density distribution function for 7 .. As lo
the functional form of the density functiony, a log normal!l distribution was
consistent with the observations, |

(d) Observed values for #° of wives having husbands with the same income
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decline the higher are their husbands® income. That is, a eross sectijona] #°
curves drawn with the abscissa measuring husbands' income size, is downward
sloping, though not necessarily linear., This has been midelf observed in the
U.S. as well as in Japan (The Douglas-Long-Arisawa effect).

On the other hands it was found that cross sectional #¢ curves for the
years 1961 through 1964 were not necessarily downward sloping, and for some
years the curves were of reverse U shape; that is, both in the lower and higher
husbands® income groups #¢ is less than in the middle income groups,

It was shown that our theoretical model for the simultaneous determination of

#2, p° and #°% is consistent with the reversed U shaped #%curve observed,
4, Qualifications
(1) In this study we only roughly controlled the type of household, limiting
analysis to type-A households. The numbers of children uader 15 years of age
were not controlled in order to avoid decreasing the sample size of each group
of households classified by hushands' income size. -However, controlling for the
age of childrens may coniribute to better parameter estimates.
(2) We enployed a linear function for the wives' earning {production) function
for selfjemployed work, However, a nonlinear function may be more appropriate,
(3) The wage rates w, and assigned hours of works, R , have a joint density
distribution ¢( wy, h ). In this analysis we did not explicitly introduce this
joint distribution into the model but made use of the mean values of w and f
respectively without refering to their variance and corariance.
(4) We plan to correct the deficiencies mentioned above by wodifying and
re-estimating the model using data from the Participation Structure Survey for
the years 1971, 1974, 1877 and 1979,
(5) In the analysesin this hook, we have focused our attention on the behavior
of the labor suppliyer, However, the behavior of demand for labor was also
taken into aceount as far as it was needed in identifying supply relations
using observed data which reflects the interaction of both demand and supply.

In this context a mode! for the labor marke! was presented in section 3.3.

(%) 0bi Keiichiro, Observations vs. Theory of Household Labor Supply
Keio Economic Observatory Occasional Paper, Vo!, ] (April 1987), pp.55-101
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Tab.Vi—10 DATA

1964
* ) 5% g 2 (3) 2 g N
1| 4 15.042 2083 3333 0833 24
2 | 5 18.245 2105 1951 1463 i
3 6 21.891 3850 .1053 0526 57
4 7 25.190 .3295 1932 .0682 88
b 8 28.544 23711 1546 .0206 97
6 | 9 31.815 3750 1667 0417 96
7 | 10 35.035 3507 1119 0224 134
g | 1 38.531 4214 0714 0500 140
9 12 41.768 .3006 1227 .0491 163
10 13 45,357 2955 1212 .0379 132
1| 14 18,662 3022 0588 0719 153
12 | 15 51.880 3277 0252 0168 119
13 16 55.263 3714 .0857 0190 105
14 17 58.590 3371 .0449 0449 &89
15 18 62.005 2838 i 0676 .0000 74
16 19 65.227 2135 0577 .0385 52
17 20 68.541 .2326 0465 .0233 43
18 21 72.099 ,2593 L0741 .0370 27
19 22 75.269 2222 .0370 .0000 27

{1) Principal earners' income; 103 Yen : 1961 price

{2) Wives' Labor Participation ratio for self-employed work

(3) Wives' Labor Participation ratio for employee work

(4) Labor Participation ratio for wives' engaging in both employee work
and self-employed work

(5) Number of househclds

(#) income classes
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1963
* I “ o) # # N
' 12.330 3846 3077 0000 13
2 | 14 15.905 3556 2222 0667 15
3 5 19.212 4721 L1273 L0909 55
4 | 6 22.649 3625 1750 0625 80
5 | 7 26.048 3620 2016 0484 124
6§ | 8 29572 3684 1429 0602 133
7 | 9 33038 73963 10976 0183 164
g | 10 36.623 3968 1323 0265 189
9 11 40.010 . 3043 .0857 0171 175
0 | 12 43.470 3647 1059 0204 170
| 13 46.987 3400 0667 0400 150
12 | 14 50282 3169 0704 21 142
13 | 15 53.808 3158 0316 0105 95
14 16 57.162 . 3250 . 0250 0125 80
15 | 18 ©64.178 2821 0256 0256 39
6 | 19 67.771 3056 0278 0000 36
17 | 20 71511 2017 0417 10000 2
1962
* Iy 2 2 (g 20y N g)
1 2 9.823 . 2600 L4167 . 0000 12
2 3 13.353 . bb88 .1176 .0882 34
3 | 4 16.746 3559 1356 1356 59
4 | 5 20934 3372 1395 0881 86
5 | 6 24,455 4307 1460 10292 137
6 | 7 28.264 123 1522 0435 138
7 | 8 31826 3693 2216 o114 176
g8 | 9 35,571 4127 1429 0106 189
s | 10 39.192 3886 11086 0286 175
0 |1 12,873 3314 0828 0118 169
| a2 16.591 3835 0526 0226 133
12 | 13 50.442 3065 0565 0000 124
13 | 1 54154 4000 0222 0000 %0
M | 15 57.800 3300 0678 0169 59
15 | 16 61.316 2692 0385 0000 52
6 | 18 69.164 3333 0417 0000 24
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1961
* LT * @ A7 g “ N

1] 3 14.382 4000 11000 0500 20

7 | ¢ 18.452 4815 1481 10000 27

5 | 5 22,088 3684 1579 0526 57

4| 6 25.946 3415 0976 0610 82

5 | 7 20.912 3182 1364 o114 88

6 | 8 34152 3855 1084 0361 83

71 9 37877 2947 0316 0105 95

g | 10 41.881 13000 0300 0200 100

o | 11 45.763 3587 0652 0109 92

0 | 12 50091 3800 10200 _0000 50

THIRE 53.889 1818 0485 ~0000 #

2 | 1 78371 2353 0588 0000 7
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