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$¥I A Synthetic Model of Labor Sussly for tvpe 4 Housenold

--Refinement of precision of the estimates of the parameters

using the synthetic model--

Se far, the analysis was focused on the wives' (non—principal
petential earners!') acceptance and reject;on of employment oppoftunity
orfered by firms. Thers are, however, earning opportunitiss withous
i being employed oy the employers. As z meSter. of fact, a2 number of werking wives

—-
ER

other than employee (self—emplo"étrwives) are found .in the FIES dzzz. - -

De abls to Hrezi the earning behavior of seli-employed wives, tco.

wives'(non principal potentizl
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garners') labor surply tehavior develored so far is of the first



approximation in the sense that it describes wives! gcceptancs

or rejection of emDIOJec status only. (I shall hereafter distinguis=

¢(—those two kinds of werking wives(members) of households gy
~--using phrases employee wives and self employed wives).

We used the labor supply theory of first approzximation of thi:z

“¥ind in order to estimete preference parameters. The results of

t3?<93?#iF?tE°n_§@_S?Qti9n-( V) _Seems to show tnau we need z mors
preeiee.:LeCEy cf laeoe_supp1§;:thet-ie,réne theorj of second. ':i
approeemetioh. As- is medtiened‘ebcye_the sscond approximatioﬁ
thecry shqql; e eele te cleriff the.behavior of self employed
as well as emricyee wives.""_
In this context a2 more pracise model of wives' labor supzly
is developed in this section. .
‘3 lLebor sucoly modsl of £#%% type A housshol constructed ty
takine 4into 2noount wivas! sal F‘_amp'lnw_rar? GS‘P"*“T"\O‘ AnnAmtnitfag
iIhe spﬁﬁetic model of ines' labor su ﬁp yvfor type A houssholds

(1)  She (or non principal potentlal earmer) is neither an

(2) - She is not.an employee but self-employed.
(3) She is an employes but is not self-employed.
(4) She is both an employes and self-smployed.

Taking into account the results so far, lst (1) the income leisurs
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the sake of brevity without impe ring suostantial'characteristics

of wife's pattern of labor particisation
Let us consider & group of type A housenclds with &' common

1avel of principal ecarner's lncome, I (Figmi). Let the marg

The wagse rate offered by firms to the wives of the households
2nd assigned hours of work &-e denoted by W an 4 b respectively whict
is supposed €O ke common TO 211 the households considered.

. stand for Ww and Vv resce ectively.

when the wife acceptis an employes .OPP ortunWUy, her income lsisure

position 1S given by point k CD is the line pa551ng £arough point
A & . . A .

and parallel to 42, 4B teing 2 1line oI generating self-employed

inccme. Lif the wifa accepts the employese opportunity and further

]

works as se7'-emolcyea, housenold income will be augme ntad 2long

considered due ro the difference of income-lelsurs preference
among them.

Lat us call the sub greup of. housenolds i with

1) \dx/c’m\% >

28,,..,_'.
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sub group of households

< 1e grour I, and the J with
r 3 J
2) dx/dA |2 e v
sics
1e group II.
) It will be ciearly ssen that househeld i ineluded in group
n
: 15 a household for which there is no tangsney point of contour
n
Can 1 the line a B, while there i1s the tangency voint of. contour on
“Lic o -
12 I1ine 2 B for =2 housenocld inciuded in group IZ. It will ha
yyad - - = = - =
. 2edless to say that household with JdA/dAl.?“ 13 the one in which
is a
e tvangsncy point lies just on point a. - - -
. As to the households of group IT, tangencry point of contour
101ds = i = v
. les below point 2 on the line 28, On the other hanéd, for the
7 which
Jusehclds of group I, there is no tangency point tetween tha Doints
and B. For tncse hecusshelds the tangency voin: will be situsztad
> scme point cn the dotted line 4z which is in an ineffeciive zone
iure
{ the indifference map.
peint k i
:d
-1.1 Wives' parsicizaition tehavior in the ncussnolds of group I.
‘her - '
1.1.1.-1-
neg y pz
In Fig”/2 & contour wg of household in group I is degictad.
(4 i " B ingency point of 2B and contour is shown by point d in the ineffeciive
. dne of the indifference map.
w0lds wa 1?7
Let the intersection point of %y and ak e m. In Fig/2 point
1s situated above point k on the line ak. Firsi we shall examine
= 0 i (/"‘C‘
ne behavior of a2 wife of househcld with such & contour w5 as is
T ]
hown in Fig’é. Wnen the wife accepts an €mPiovee opportunity
2r Income-leisure situation 1is given by point k. Her situation

-

S shown by point i

a
<

o
i

accepts the

epportunity nor works
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to earn her self-smploy

in the employze croeriu
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income her situsas is

O
3

. (By the de
01oac= in the
does HOu situ

Aron those thre

m

situation would be give
kD scmewhere between k&

employed inccme czn be

to the case in which a

it should be noted
téngency point on the 1

k and J on the line cD.
1s not shown in Figx(3)

garners income is T7 (in

optimal hours of work f

1=y

s T, -
cne wi

When

ed inccme. e

th

e

work for rni

3]

nity and e

shown by some point between k and D on

a

<
1
L e

Tinition of group I, a household wife does

ved income only

n

Dest Onea

14

wilsa

household (

a

ey
e

housenold in which

~
(034

n by the

(D

of work for earning self-

(’w £

er(wife) ds

2]

irss contrary

wife is an employes=.

, however, that there does not exist any
ndifference curve and line between the pointﬁ
If there were a tangsncy pcint, g, whict
it would be said tﬁat, when the principal

the non principal earner's . (wife's)

i
Fig“/3)

or the wage rate v (Standy)

1a

is given by
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L1020 Wives partizivation hehzaviar in the nolsshalds Af ew

the ordinate differsnce of point ¢ znd z. If such a

case occurs it would be clear that, by comparing points 4 and g,
the largsr the principal earners income the longesr the noA; rincipal
earner's (wife's) ¢ptimal hours of work, the noﬂ%rincipal garners
wage rate v being given. This means, under the assumpticn of

-

quadratic prsferencs function, thet ths locus of MHE S

w

Hence, it was proved that, under the assumpition of quadratic
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angency point between points

= - o - 2 - - .- 2 b N ] 3 T
By the examinsiicn mentioned gbove, any points between k and J

nam T $ ; 3
compared to the ing Glrlersnce curve F&ssing thnrough Point k. It 1ig
clearly sasn that coint k is Preferzble to point a Hence point x
e = ~ b i . sl LN £
is Tanrad that 12 1 £ f K ¥
> Delered, that =5, the wife of the hcuseheold with Such a indifference
map &8s is shown in ?*QEZ ts t: B
<N Flg¥3.accepts the employes opmortunity arng does
fOT earn an edditicnal self-emploved income.

In a household of group II there exists a. tangency point or

=
Coed
line aB and indirra grence curve, 4, as shown in Figh,
1 . 2 . ,
L.1.2-1 Household in which tangsncy roint, d, lies between points
& &nd P.
T e

Let the intersaction point of line 23 and horizontal 1ine passing
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N
through point k be dencted by ? as shewn in Fig

A

=

Considzsr a

household in which the tangsncy point, d, lies somewhers b

[0

twesn
points a and P. Tor this uyoe of household, let the c¢rossin

Doﬁn“voFlLa and ak be dencted by m'.

L

¢-1.1.2-1-1- 1In the first place consider a household in which point

The wife (non-principal potentizl earner) of this kind of

lies zbove point k as is shown in Fi

household: prefers -point .d because ¢ is situated on the indifference

curve_with"the highest -indicaton ameng the points k, &, and 211 the =7
points betwedn k and D. Hence, she works .for earning self-employed
) ahly )
lnccmeﬁana does’ not accept. employes opportuniules:a:,
§-1.1.2=1-2-
e
- wi

Let the extention of line ak be kF(dotied line) in FigV5. An

intersection peint of k¥ and contcurwd is denoted by m'., Consider
T

a2 nousehold in which point m' lies below point k as shown in Fig/s.

The wife (ncn~principal potential earner) in this type of
household will nevesr cho ocose any pcints between k and i
chocses those points. it would we_“‘that she 1s both &n employe= and
self-zmployed. But a closer look will show such 2 cass can not
Ooccur. If she chcoses any point between k an J, this point would

have to te a tangsncy point. However there could not be any fangznc

point tetween k and J because of ths reguiresment of the upward . ... .
slcoing ™A LS locus wnich must be fulfilled on account of

the consistency betwesen the model and the observation, as was shown

- v '
in section {3:2.5>, Eence, 4 is ;refqud to &, and any points
between k and J are prefered to d, therefore k is prefered to the

points between k and J. That 1s,the wife will be an employee and

will not work for a self-employed income.



v, the czase where d is seleatad
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§-1.1.2-2- Household in which point 4 lies beiwesn points o 2ad B,

An indifference map of this kind of househol
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Fig For this kind of household two types of households ares

further discriminated from egach other.
-1 -

ae N - , o s
6 -1.1.2-2-1 1In FigVé point e is & tangeney point of the indifferance

curve and the line £k which is the sxtention of line ¥D. Consider

a household indifférence -map which has sueh characisristiss that--. -

There exists & fangsncy point Letwesn ths indif
the line fk, ~° ' : B
For this kind of housenold-all the points betwesn k-anéd D

2

on the line k D are situazted on the indifference curves with

preferred  to d, and k is preferred to 211 the points betwesn %k and

It will clearly be seen e isbPreferred to a, d and X. Hence,

the wife (non principal potential earner) will accept the employes opportunity

and at the same time she will work for the self-=mployed income.

231
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Summary

atterns

The
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e brevious se
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ehclds with
£t & above a
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grcoup I
Households with

J~e

o}
cint 4 below a

'g
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n
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Ecuse=»0ids witn
m abeve k.
Ycusenholds wish
m below k
Zousehclds with
tcint <& btetwezn
a2 and p
Zouseholds with
voint d betwsan
o and B

|

cl

toint a is prafered -
(no perticipation be=:
emnplcyaa crrortunity ==
sell employed work) :
tcint k 1s prefered
(accects employaa (Yehotone
tunity butf no partici-.
patlicn in s21f emplcys:
work)
2-1-1 hcusehoids wizz
ccint m' zbove K ——>
point d is prefesrad
(earning of self-smpi-z;
income only:
2-1-2 houssholéds with
roint m' telow Xk ————
rcint k is grefered
(sarning from emplevas
ctocritunity oniy.)
2-2~1 houssheds with
coint = ehove Kk ———
¥ ois trefersd (szrnins
from teing emploves cro
rtunisy onliy) :
2-2-2 hcussholds wisx
pocint & below k -
g 1s prefered (ezrnin:
from teth employes czz:
rtunity and self-smgl:co
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l=t us den

Now,

regard U0 hours

The ccordinates of both points k

time (composed
fom azvwnings a7
- - \——‘.b-‘.'o At Nt

Making use

e .
I'eWrlcitan &s sn

ote

of work by H(d), H(m

gre h (hours of work assigned

né D with respect to hours of work
(noen principal potentisgl earner's
of leisurs and hours of work if
T—zmpleyed Inccoms aznd tnat for ez
) N S o) .
dznoted by X and xs respectivel

oi these noctations, the conditions in

-

owr. in Tab¥2.

the coordinates

T point d, m

3

), H(m') and H(s)

e .
disposable

FEours of work

‘r',’.-
Tear. 2
A
) X'—*,l {"‘-’ﬁ’
(1) Households with (1-1) houssholds with ¥ =0, % =0 cZs
H(d)XK0 E(m)<h = vy
(1-2) ncusenolds with % =h, x© =0
E({m)>n
(2) Eousarolds wisn
E(d)> » (2-1) housshclds with (2.1.1) housencids
E(n)<a with =(m')<h
4, Hox =0, z >0
- Aal
rousencids
")>n
=0
(2-2) households with househclés

H(d)>h

hous=nholds

(2.2.2)

with H{(e)?h

=h, % 0
Hol

)

)

6

)




5.1.2.2 The Relation SetwWeen H(m) 2nd H(d) for 4he housenclds wi<n
E(d)<0. B
In order to construct the synthetic medel for :type A households, )
we shall first consider z group of households with H(d)<o. .
With regard to the determinznts of parsicipation beravior -
of this kind ¢f household the position of point m in relation to .
the positicn of point 4 in F:’.g; ¢ 1s fundazmentelly importans. .. )
Let the relaticn of H(m) %o H(4) == )
1) H(m) = §(H(d)]
whers
2) H(d) L o
A conereve analytical form of ¢ ig given in the subsequent sect;onq
£,1.2.3 The Rslztion betwasen E(a') 2nd E(d) for the hcussholds wish
h>H(d) >0.
For the hcussholds where H(d) >0 hélds the position of point
m' In FigVl-4 and 5 is important. Let the relation between H(m'") .
end H(d) be denoted by
3) H(m') = £[H(d)] .
Whers
) R>E(Q) »0 . '
An analyticel form of f is given in the subssguent szction .
6,1.2.0 The Relztion betwessn £(d) and H(e) for the Eoussholds wit
H(d) >T.
For this kind of housshold the vositicn of e 1s also important.
Let the relation between H(e) and H(E) be
/
. 295 :



H(d) >n.

The analytical

§.1.2.5 On the graph

form of

in

The subsesauent

!

g of function

the curves s ;dfﬁ and YY’' respectively in Fig ¥I-8 and VI-3. It should )
o2 zotad thas curve A standing for V. and xJ sizanding Ffor £ azve =
soint of conjunction, z’, because when 2(d) =0, £2(d))=vE(d))
zolds, as can be seen in Fig VI-3 and 4. Fig VI-3 differs from Fig 7VI-3
in that point X lies azove zoint 7T on tre vertical axis in fhe former
wnile point & lies below point T in the laster.
We shall pegin %y examining Fizy3. The numbers 2tizcned to
Che curves corrssgond 0 those in the column of Taeb 2. T: should

S -
:a,uern<:);s for ssa
oty m z 4

Hcwever, according

Another possit
figure it czn te se
net appezr in this
Hence 2ll the parti
arpezar in Figdo. 1
¥ , L and ¢ in Fig¥

ed wives only,

The oObsearvaition, za

LN
’

[P

zzes of the curves shown in Figl8 zare not consistent

ney sheould bz excluded.

le shape of the curves is shewn in Figl79. In this
en thet pattern(Qexists. Although patiern(® dces
figure patterns D and (5 zre quite the sams zs ()
cipaticn patierns observed for type A househcld

n this sense the shapes of functions (curves) of

9 are consistent with observation.
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a'f eurve _
H{m )= fLH(D)) ; ADH(I >0

It curve
o HC ) = (H( D))
s /,, H(d)>T

aaieurye

Aim)=o H{d))
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Taking into account the results in section 1.2.5, 1t wil]
be seen that the pariicipation patterns genersyed from Pig VI-3 and VI
exclusive of each cther. This is due to that we employed the cur—ra:z
e’ 2nd o3 ars ucward sloping monetonic curves. This specific
characteristics of fhe curves stem$ from the postulate that the
preference function is approximated by gquadratic function.
Contrary to the upward sloping monotonic curves, the shape of curve
] 7 . - - v L) . ’ -
oelf , as shown in Fig. 10@ or 10© might be conceivable. In Fig. 1cE,
function f is not monotonic. In Fig. lOC@ , function g’is net monotonic,

In these figures, i

casas shcwn

t can be seen, both cases @and © in Tab.7T-2 (or
can coexist.

functicn deces not yield such cases

icivation vattarn

n

S

in tvope A

[4}]
a1
(o}

wori,

(]

wours of werk assigned by

Wil

er's (husband's) income, I,

—~
£

=}

h, and eazrnin

Vs

I

ife (ncn-principal poten is ne

This 1s fhe proobability that

3

ployed.

Let us call S, the probebllity of n

2NN

B S
—— s T

on-



7i-t!

Area S, in Fig ¥9 gives the procatility that participation
pattern(3)in Tab T2 occurs. This 15 the probabiliity thet the wire
engages in self-emcloyed work only without gcceplling employes
opportunity. Let us call this prooabilify the probapility of
Self-employment parvicipation, u_. , where
..::._.AEE a

number of s217 employed
Mg = wilves without accepting empleyes numter of wives
ocvvortunity - .
Ares S, gives the probatilissy that sither zarticipaticn patiern
3 —_
. - -

(:>or in Tab.¥2 cceurs. Here it sheuld be notad(T)zné S)are the
same pattern. Let us call this provabilifty the probability of -
accepting employes opportunity without self-employed work, or in
shert probability of employes, Tas
Wwhera

numper of wives accecting
ug = employee opportunity without numoer of wives.
" self-employed work
’

Arsa_Sy stands for the provadbility that participation pastern (@) in
Tabil 2 occurs. Let us call this probabilisty the prooability of
double participaticn, Hags
where

number c¢f wives participating
Uas = toth seli-zmployved work and numbper ¢f wives.
- employse oprortunity

301



It #will be needless to say that

non-particication
probability

'D\}q. N =] RRE < - H - :-
Trior Lo drawing the curves iny |l the values of I, w, 2 ans
v < - 3 - [P - - = 34 = d m 3
have to be gilven. That 18, When these condificns changs the ghars
£ ATl =3 , p . Lmm 3
QL &-l vhe curves change simultanecusiy and, in effect, the zrezs
sL {1=1.2.3.4) or magnituds of Hg; U_ znmg U nang E 1
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whers and X stand for hours of work (for employee opportunisy
and/or self-employed work) and housshold's income respectively.
v stands for the ezrning rate of self-smployed work.

erence function w is given by

A9 ]
£
I

N3 N
=3
><
4
s<
ke
_|.
bl
>
=
K

LA T 3N

-
M
+]
]
iy

Uncder the constraint of (1), (2) is meximized wit respect to h.
a
\‘ '3 -
When the value of h miximizing o is negative that value of h starss

Hence, we obtain

3 E(@) = =V R Vv snT) s T
Ty IV + 7

\n

v

The value of H(d&) varies emong househclds with given I, w, = =

v owing o the difference in Y.of ezch household. FKEanee the sizs

distrivution of Y« czn be easily transformed to that of E(3) ty

Y A .
.2.7.1-2. . The equation of indifferance curve uwein ﬁig/é and 3 c¢can t=

cr

cbteined as follows. By inssrting the values of ordinates of ncin

C
<D
RVt



(B

into The left hand side of prefsren

0
()}
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ol
ja
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-
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=
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o]
b)
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h
ja

the velue of indicator w, a2t point =,

5) vy = ENC T RI~ NIT-GT+EGT,

-1-3 7Finally let us obtain the crdinzte of peint m in Fig
and 3.

We can solve (8) together with (7) for h. The soluticn is the
cocorcinate of peint m with respect to hours of work, H(m), thaT is,

7 a )
MW =z w+rvs) .
Lt will be sesn that magnituds of E(m) varies amcrng houssnolds

consicered cwing tc differsnces in v, of each houszhold.

1-4 Now, we ars ready to geit a concrete form of funcution ¢ .-
, the magnitude ¢ which 1s sugposed to vary &among
housenclds, is included both in equations (9) and (3). Eence,

by elimianting common parameter v.ooth in (9) and (3) we obtain

a relation between H(m) and H(4),

200GV 2R Y5 Hid) + 2(/=w) (R 147: 16T)
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0) H(m) WL 27wt r TiW*-Z rWw=Ts
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where H(d)%i 0. #

This is the function ¥ when the preference functi
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w2 Analytical Form of function f

Function f stands for & relaticn betwesn voint m' and &

g.4 znd 5.

—

Coordinate of point d, H(d), is previously given by (3),

‘Q) '_f(d) = —(TI“ ‘.‘]’-.*)I‘_X,/’(YI-J’-\JPJT)*T’-’“ "T.:‘T

Hewever, with regard to the czse shewn in Fig.l and 5, it srould

be noted that contrary to the previous case,
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£:(-2.7.2-1 We shall obtain the equation of wg in Figd

The cocrdinates of point
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we have.

/ 2 -
13) wg = T[T VREA T[T vE)] s (T2 VHE 71 )]



Given I and v, the value of wy in (13) is specific to each housenold
wWith specific value of v, . . h
The equation of contour wg in Fig.! and 5 1is given by
/ / 2
8) wg = SHXITX A TMXA T A AT

Where Wy 15 given oty (13).
ine equation cf ssgment ak or thzt of extention of the segment is given
by
18) X =1+ wh ; T -A = n.
rence, We can obtain the ordinats of point m' By solving (14) and (15)
gimultaneously with pespect to h. By denoting this solution H(m')
we have
1Y wiet - T A - (1 Ny =T
=) Emh) LOAwi=Ts) = (=T W =1 =15 T

T TWEIZhwrrs

1w -m)+ s BT W-rnre T = 2 (w2, +7)

X

+ T (Tl

{
L

I (DI RT T (Fn 1+ VHE ))

(L)) + 13 (T4 Vv HE) ) (T~ r/(o{)\a'_; T

\ht_.

!

T =2 w+Ts

7
where H(4) is given by (3).
. = . o 5 s - . .

By examining rlg.5 and 5, the algebralezlly larger root among
the two given by (16) is adopted as the value of H(m')
-7 -
z.,2-2 Finally we shall deduce function f.

By eliminating the common parameter vy, included in beth (16)

===£2}) and (3)

, We have



17) B(m') = —k'».!D

Wi oTwe T

/
and,
Xz (w-v
)(rl B'}T) <TIV-- - Ts‘v‘-:—b‘r)'%'.d_*
D = . _ ) 3
Gwr V){(w VIR TR BT)% 2 (1t LT (V2 RV H i) hy
\a'_ . - * :-
+ (w20 v Tz -1 (w1 (hd Jz;
where hq* is the abtreviation of H(d) given by (3). Egquation (17)
1s the funection f. wh the prefsgrance func:io“~p, is gquadrztic. -
.f-f:7

FunctiOn\y stands for the relaticn

(3) H(@4) = — (M-I = T Y

tetween veint 4 and e

r. \-_2\" s-LY;-

a&s previously shown in é.L.27~| Eowever,

Taking into zccount thet the coordinziss

and

~
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n
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the equation of line fD passing through point k is written as

(19) X =TI+ (w = v)h + vh,

where h stands for the ccordinate of hours of work on the lire
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6.127.3-3 We are ready to get analytical form ofV

nt of {12}, we shall cbtain ths va:
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in (2). This value o

-y

h is H(e) Hence wz ra-
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That 1s, by eliminstion of Y« included in btoth (3) and (20), tn=

a4 = T — = e ruwneHon W
> NV -2 VT e '
where
H(d) > )i 5 Wn—/{ w7 ‘\f‘/
I
4 =atmad M. 2 "’2—\ ~teo A
1s oObtained. Lnis 13 Iunction vy when the preference functiicon © sz
A : - 0 =T ==



In this section the caleulation of [ , [/ 2nd Lt . is discussed.

/ = /4
g_|,3.l The coordinates of points & and Ze
: ¥: 7

-

Tt can be seen that funetion f contzins preference parameters,

— <
r , r., T, 2ad r., and exogenmous variadbles, v, W, h and I, rezpectively ;

! 3 L

that is, £ is rewritten as

T T ] IJ—I V) w! h? I]

23) B@D=EHD), T, T, 5

f )
where H(d) >0.

—

In the szame fashion function }# czn be rewritten as
i

2 HE) FW LR, 1y, T w2

where H(d)>h.

Applying H(z')=h to the left hend sids of eguation (20), we havs
5o -
24) n=f[H(d), r,, 1, Ty Ty Vs Vs h, I].

This eguacion can be solved for H(d). Let us denote the solutica for
B(d) by E(d)s, . Hence
&
{ 372

. ! - -
28) H{d)s, = {[r,, z,, T To/ Vs W, 1, I],

- — Y . . -
wmere £  stand for tha inverse function of

<

the coordinzta of point g, on H{d) axis in

New we shall obtain the

(o]
i
Q
0]
"
ja)
'
O

&' in Fig 10.

Replacing E(e) on the leftiaand side of ecuation (Z2Y) by 7 we hava

. | )
whare &X' iz the iaverse function of¥. GEquaticn (2§) gives the coordicate

m

It can be seen that H(d):;y is invariant with &i rinciral azvnarn!
4 the princirzl ezvrne:

) : L .
income level, I, because ¢'awd r do=s not contain I as an argument.

This stems from the characteristies of quadratic function ().
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G w
! 1 - p; YT #7 - 3- AN
G/LL)-CSL.'.:,Q[V‘{.—i(i)/\d’l,ciwa‘; Cau, €1V 1,0 AR i dH(4)

= ¢ fll Y v+ - -~ 5.%“1-2”“-[-:-.—! I I
»H(d.)kr-',(o\),f1,:-,5’5,3"4,5':}\/1_'_,Uj] TR ania )
U« ’
This is the Tunction which traznsfcrms fhs distribution function
- v, e o e s v o ad . , . .
of u, 2(u), to that of H(&), fH(&)." The »ight hand side of eguaticon
- \ - - = o - - s ~ Py —.
(24} (exgep: fo- dZ(d))is the density distribuiion funetion of T
(&) depicted in FigV-{|,
¥or thes sakes of breviiy, let us denote distridusicn funecsion
R 4
=0 right.ohand side of {2Y), (exzept for-du{d)) by -
35 1E(E(a .
(35) 1%(E(4), f1, Y2, Y3, Yu, Ys | V, L,U_).
-— 4 -
o - - wrr o . .
LT can be ssen from (34) that the éistribution of H(d) is invarians
with respect to changss in w
3.3 Parsicipation Probebility
&
\M -
k=1 3 - . - - s e - .
By using (3 ),/yc shown by erez 8; in Fig VI-171 is given bv
She definite integration of 1%, i, e
M{d)¢!
2l /i g * [}
(_:C) /-"’ -_'0 ,Q (H[a)/.‘f‘\/ _:0; 5-« ?g’b,__,@‘)a\h(d)
where H(d)q, is given by (25). -1
In the same na:ner,/as shown by arsz S; in Fig Eﬁ(is given Dby.
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G-l
S¢ in Fig 10/
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Now, let us dencte the observed values

/te

of jth principal sarner's income class by U /‘o anc/xz‘

Let the differsances hetwean otsgrved values ané firs- approxim

valuess pe

. _ A A e _ 4 e 26‘/_ «d
(a) L{!- = (/u,jo"'/"(,' (/).) 5 4._/;. = %-a - (t- (/)) , bCf' = %.a -
od

oximation vei ues.
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{b) 5 v‘d}/ r[,L v /
be an objective-function properly deined
_— = . G " ¢
Initial vaiues for preferesncs :--=-e:ers,éf‘j ¢ 7 a-

-

- . -
S0 as to minimize (0 .,

=t .
, Where | % s<ands for
Lel

2

.Hence, we have to choose proper func¥tional form for the objective

functioen 5- - In relation to *+hi=, i% should be noted that equations

g
.ri
K
Q
o4
Q
o)
[
A
w
[{)
“
m
(5]
(43
H
1]
l...l
w
ct
}4
(]
s
4]

onsumption funcTiocns, for example, include shocks wiich, it is zssumed

reflect random movemsnis in consumerj’

.

Ks]
]
[[]
H,

In other weords, as far as we treat shock model at leas:t,

]
EXy

betwsen observai values znd thegretical (estimated) values for consu

. . z,,_,.,,/
are aliowed. However

w

4? : L_/
‘/

. YY)

system or eguations’

of distribution funeticn of E(&® ), and the distribution functio

the distrihution Funecsicn of preference-parameters. And

limits of the definit integration are not random variable
P o) o . . .
the values for definit inte¥grals zre not random variahl

2s present model

is concernsd there is no room for allowing
39, ¢/

equation system,. 4X )‘through.ﬁgf). P
N —. ”1'"’ N/

Contrary to probability functions 4* ) through 43 GJ)

that do nect include any shocks,

discrepancies

present moc“_-Lo* EanEt—royvesn probability, or

]

erence parametars and so on.

) through é’ -}, has beszn deduced by definit inte
24

upper and lower
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es.

Therefor
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for participation procaniii=iag

row v=z3or,

e zllowed to va-y
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each household's



L

supply function with respéﬁ% to wives' optimal hours of work for enploy-

ment opportunities or an aggregation of them gp include shocks reflecti.hg L,
be

differences in preference parameters among households, as consumption

functions do.

However, as gyplaned above, the probability equations are conceived

- - P . -
of exact relations, and the differences between theorstical values/;cic/;c

A
(4

2

ed - ..
and/u’, respectively, are considered to

and‘/uai, and observals/uf ,/u

reflect sampling or observaticnal errors (disturbances in variables)

caised from limited sizes of samples. .
Hence, denoting sampling or observational errcrs by additiwve random

variable-bq, Ug and U s+, we have
2_¢§)/afs/ﬂd({hj)riszJ/j) r Ud
2 e T
4!4)/% - u ({rif, o, v, w, I) + Ue
“) 4t e {ng, e, vw L) ol
which constituts an error model, not a shock model.

Gidzc

Mul€isly n on the both hands of equations 45) through 47}, respeciively,

we have
21-epy A = npXlig, 0 v W 1)
o +m
- 43) 7:7%"'—;(/%&(4)’;},0',”7“)71) ¢

) 0’1/1(0‘-"{:_ %/éd([[{;jl a, v, own [) =7 Uy
where n stands for sample size (number of households or number of wives)
for each principal earner's income class.
Rewriting 2-48), we have .
2. 1) ?’-/4(:(= 77_/(‘/({923,6" v, 1)+ E4

52) 7 ce(fﬁl}',‘f,u: W'I)+£"

§3) ’/'L/L(i:( - '/L//,LM(H’;?,O', v, w“,l)”’ £ed

where

) Lz UL D) Fezmhe ek $3) £ 40 Ued

(%]
fa



Ed s fz and £,/ are , respectively, differences between observed and
theorstical values, and they have a joint binomial distribution. As n isg
large enpugh, the joint distribution ©can be fully approximated by normal |
distribution,

2 2
$5) M(0,0,0,0%, 0z, 0ed, Goud |, Oded, Goucd ) -

where, 0; v 04 s Te O?d stand for, respectively, means and standard
deviations with respect to &¢, £2 and £.4 ,and J;‘{, 0"{2;4 and d;.g;{_Stand for
their covariances.. . - .

From 4S5}, Aé) and 47), we hava

_ / _ !
U= T8, Usembe, and Wys 3 Eed,

/

! Cod ! /] =° LAY !
W0 0,0, 204, 510, 5%, Fidie, et 50 Gl )

! - ’

as approximation.
Now, under the constraint that £y, £, and ¢,4 have joint distribution

55), we shall obtain maximum likelihocod estimates of §'fand ¢ . Because

r
v , w and I , in 48) and 498), are fixed in ‘tfepeated samples, eguations]

having fixed variate on the right hand sides of the equations, although/‘

T ——— be f.’!)‘-"-‘-"(
they constituts an error model. 4p) ek g7 cAIe PE
. Ad FECrESTI S aj.m {12
d 4

- Pl . . = = .
Let 7z , /14 and /lid be, respectively, numbers of perscns of =, ;

4..«5-:\;';‘.7'. L’J’

"
employed, self-employed and of those who participate both opportunities
among n persons. Taking into that those variates have binomial

distributions, we have

57-1) var () = Mg (1— )
57-2) var(ng) = ﬂ/ﬁui(l—l‘*i)
57-3) ‘”’”M."aij = 7{_/%& (1-/’[95)

f‘ylS



57-4) [51/-(7(4)7(,() = = n/uz/,{o{
) == Jlea

57-8) Lol M ) = TR Flod J

-5 i 7
57-5) Lo (e Mo
where var and cov, respectively, stand for variance and covariance of the
variates in the parentheses.
.\I‘, Py - . .
Parameters [di. and ¢ are estimated so as to minimize

D =y U

whers

for variance-covariance matrix with respect to Ui, Ve ang iy, -
. Population variancs ang
covairance ©~ T 7 - ) are estimated by sample variaznce ang

covariance, Lo

Estimation procedure is summarized belaw.
N s . banilitios T oy X - e
Firstly, par<icipation procaoilities, i, 4 and are computad,
) 'l) ' ‘ "
making use of{?ﬁJand O’£ by equations 4%) through 47). Secondly, by using H.
. /
computed participation probabilities, we have UV in $2). Inserting
-~

those values in%o 58), together with ;Z , we have 5 , the value of § -

-
{1) ) 2} 70 B
corresponding to {Kuﬁ We ccmpute [h[ nd db yraspectively, usin {Jr nd 04
. . o , . s s Y
S0 as to reduce the magnitude of 5 . That is; let the shifts in Wjand &

be doneted by &)2 i=2,+++,5) and a0 respectively. Tt will he needless %o

(i e S
say that {, =-| and af,z0. It can be seen from £2) tarough 42) that

-

revised values for participation probabllities, after assigning the shifts

o od ]

for the parameters, N(a//hé)aﬁqy (4), are given by
v 1, o T2
o) ui(8) = (1% s 1}, % a8, VIwS T}
61)/4(A)—/ce({r%pa’j)a*”.uo’ v, oW I )
P4 (1/ 0} T,
2)/«;@)711?({ vall}, T aéf,U"“’” —‘,)
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2)

5 can be computed, by employing 60) through 62), from
Az . ‘

SRR SN § ;T 2.3 4 ¢

v

8._(7): s 6

are revised estimates for the preference parameters.



L. 2.

.. ADDENDUM for the Computation Procedure

~

. ~

- : o~ : -3 : - Algva 4 -
(6.2.11  calculation of abscissa for g ~in Fig. W -11 fir A3 Type Prafereece fumtim
- AT Type Praver

——————

(6.2.1.1) In equation

f(n’ V=2 ()] T

4 - N - : : B o s o o .
let H(m )=h, and the equation can be solved for H(d). The solution is the abscissa

of point q . . T

Concrete form of function f has besn given 2y 17) in (6.1.2.7.2). From

this and H(m')=h, we have :.l: v:] = R

1) E= ot J—D— -T‘:,":'A'_ e D

‘ - KW£Z£Nfﬁ-' . 5:@.‘~g
where i ,
Kz (w-VA KL+ Gt BT ) = (V= 2h e )b L -
D= (wr-v (o VBT + L GT)2 2(R1+h+ T hvi2prt g)df
HEvE 2t )25 = fore Y] e
and notation h' is used in place of H(d) for the sake -of abbreviation. S
" 1) can be solved for B*, that is, -1) cen be rewritften as _
2) Cvi2hv e XK 22 )R A Rt e )
2wV T+h+T)]=0 - - T T s

Among two roots of equation ..-2); we adopt the root hr satisfying R
o<n’<hn
as plausiblie solution.
We rewrite 2) as
) mUmzhT A8 =0, :

where

21 A NVRZIRVRLs

Y Bes R[(hws2pw e )ht WX T 5T r7)]

3_2
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We have solution h’ as

a) V¥ Ak TR A3 nor (7l B

=
n =
A - Ax

T
Taking into account the requirement 0< h < h, we have

e, < Fom | TP RLR200 e )R 200 T -]
a s Z/}lr + 15

5)

(6.2.1.2) . . N
Calculation of abscissa for g. in Fig. \I-11

In equation
H(e)=Y[H(q)) i)
we put left hand side equal to h, that is,
A=T(5(4)] ..
By solving this equation for H(d), we have abscissa for point q..

lole)

Concrete form of i/ is given by 2Z2) in {eiyn— 3.
HIP RN 'R

(B= B Xw=Wh
FV=2nver

H(e)=H(d)=

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

- el -
5) H(d)s = ;t,-' {hv - )’;X'-'Jf f_"-’__

= hvrzret s

=)

[+ (rv}’)(wr)J -
T ohy=2G el

where JH(d)}4 stands for abscissa of point a - -

"‘(6..2.1.3)

Calculation of abscissa of Zoint 2 in Fig. VI-11

In the equation 3) .(6.1.2.7),

(a)e —(EW =PI -V(h+T)ehebT
V=25V e o ,

we set 7 =0. Hence, we have
¥

LT-(hv-7)I -v(h+ G T)
hvi-2nv+ ) ;

whers H(d%m¢stands for the value of H(d) for household with largest value

) H(d) =

319



of H(d) among the households considered. Accordingly, H(d) ¢ represints

the abscissa of point a in Fig. WI-11.

(6.2.21 - .
_ Some other constiraints for the Parameters to be Estimated

From the gensralized labor supply. model for type A household, in which
self-employed opportunities are takesn into account as well as employment
cpportunities, we can derive some additional theoretical restrictions for

the parameters ¢ be estimatad. Thev are in order:
p

(L) The derivative of functien S? be positive

This constraint can be siated, by using: 5-10) in /f 72 A) zs

D 2EVEZnV 4 0E) .
= 20w+ Je L

Hencs we have

) (RGN IR 20,0+ 70) 70

- - - - constraint fl]

(2) 0 <ZTH(d)=0] =2[H(d)=0] < h must be held . -

7
Thls restriction means that point o , in Fig. V-

i
-
£}
-
1]
ct
}—l
[l
(]

between 0 and h By applying
H(d)=0

to equation -10) in.Céfl»;-TPﬁQ we have .

HA) =0T = Z(V=WI(AT+ 5= /T )

2) ‘/@ Y kS Iy .
Fwr= 2w fr )

|

’ 1
Vo . - - o Y] -~ . . - L. Z
wnlch stands for the ordinate.of point ¢ on curve ¢ € , or functiecn ﬁ’.

While, by applying H(d)=9, or h¥=0, to egquation 2-17) in § I-1.2.2,

we have,

’ =
-K=JdD : -
EW-2he e e

/ =
T\Hd) 6)

where,

(e (WX AT HT) awd Daw=v)(RI+ 1t /iT)=(€)



Hence, we have

Lrudy=0Te — 2K = 200w (125 [5T)
3) D-L-}“() :] }’,H)“'—Z};W-'f-?/; )’W‘—U'}uf-r-r.r

which stands for the ordinate of o on curve dig » or function f.
Comparing ' 2). and 3) each other, curve dd,and %é*in Fig. vI-8, 9
and 10, respectiﬁely, join each other at pbint ﬂ’.
From 2) and 3), the constraint
o<§”/_’a(d)=o] = ffH(d):O] (H

can be eruuen as . ~- ' '
2 (i w)()’I*I’wr/} ) ZL
GWwi=25uw + 7 <
From t‘ﬁ first and second terms in this inequalitiss, we have

4) o¢

-'Zﬂu'-Z/")(f,I t 1T
s) o< P
w205+ 1,

We have had restriction.
wh v o, - - - - -~ - -. restriction {2}-0
hence, we have
Xhw'=281 o
5.1) (rT*(- /‘3 3v+/?\
On the othen hanq, from si*oud and third terms in lnequalltzﬂs‘ o
4),1we have naTa

Z20 VBT B BT) T
KWLZ}:'LJ+KP -

or, : : .
L= hI+ 7+ hT) S —h.
Tw 25w .

- e

. Hence, according to positive or negative for the denominater in left - -

hand side of the las: inequality,-if‘

2) LWL zhwe s >

we have constraint,

5.2) (w-vXhI+h+ LT)> j-—z/k"(m*frz‘fi’”f" %) ,

-and if,

b Fw-zhwik <o .
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AL
we have constrasnt,

| S W T

5.2) (W-VNET 5+ [hT)S 2 (hw=20/wr )
The discussion below ecquation  S5.1) can be alternatively restatsd as
follows: firstly, in eguation 5.1), we have

61 LI+ L+ 4T 70,
1 52

restriction [é]—l
became ™ left hand

o
w
cr
5

o)

W
)
O

L]
ot

fe marginal utility of
household income when its non-principal potential earner dces not work at
all. Hence,

- -~ - rastriction [é]-z

in 4}, Th

is c¢can be rewrittsn as

/;J—%)/ﬁ.r4ﬁ+67)> #
L =ZG W - [F Z
.2}, we can see lef: h

e .
vs. Hence, we

we nave

\ , ] .
6.3) (w=VAFI-G+AT) ~2(swertw=p)

~

4

And from -8.2) and 1), we have

2 Y ,
Y/’V _ZI/,‘V':" ,'/:’ <o

riction |1

1s constraint is an alternative to rest

[ S—
.

t inecuality O< H(d)e,¢ h must be held.
. I3
is given by egquation 5) in (8.2.1.1); :hat is,
\"P' 2 - T - "-Y/Y'T-‘.J' -
(hw=-Zhorels)h = 2(wW=-VIHI LTS
Nri=zrv+ s .
In order that the terms in the root is positive and that

0<H(d) <h
Ji
can be held, we have to have

_s, Rilnwr-zhwt e)R 20w I h e [T
7).  -(n) < —— - <o
[/ SRR A e

3 22 constraint [3)



. , -~ /
Now, from the requirement §.2) and 1)
”

L) yvezhv+re<o

s

should have been satigfiad. Hence, £rom 7) we have

7 (RS zBV ) > - Rt iwt Zhwr = 7 )R+ 2(w-v] [T+ G5 Do,

/
- - censtraint [3]

wihich is an alternative presentation for the requirement; that inequali

L7
0 <H(d)y < A be held.
(4) Constraint that h{H(d)e.¢a must be held .
From Fig. VI-11, it can be.seen that point 9. must lie between points .

'
7]
I
(N
<
[
o
o
i
(13
e}
e
o
ch
V4
0
e
o~
[8)}

[
v
r:

H(d)g—’H- (/-IV“ r,")/‘//—"h),{,
3 VR 2RV I
- Rence, in order that the part of the constraint, h <H{dls

8) T (T oa LO7=T)w=vIh .
IR S C o

must be held.

The abscissa of point a in Fig. V=11 can be writizn

_jw—(nv-ldi-—Vﬁl—ﬂT) )
TV = 203+ e P

whiich is shown in 7)

in (8.2.1.3). Hence the part of constrzinc 2(dle, ¢ .

can be writiten tha

ct
.

o) F+ LI nV-h) KT -(0V=6)I - V(- 5T)
fvs2nveis WY zhv e
censtraint [ZF-Z .

From 8) it can be seen that

) — i ’n._\
8/) (f;\v Zn)/"" }." >O) W/gff'e. Ww--vyo
nri-Znv it

~ -+ constraint JEJ-I

A
e



-
Iy

must be held. rom  6.2), at the same timg,

nv-zZnve iy <o

must be held, so that, it can be seen, altsrnative oresentation of what

. . / .

is required by 8 ) is that

’

10) vty <o -+~ constraint [4] -2

Regquirement 10) can be fullfilsd whenever-}?)-O holds. Hence,

’ ’ a4
constraints [4]-1 and 2 is need in order that
4
h<{H(d} <a -
"

nolds.

G
Do
v



[6.3] Improving exactness of estimatsd parametars by using employee-

self employed model 7 % TIATRIT C madel For Tz A
iz

b - P
T ) a,;

(6.3.1) Search for refined estimates

Tnis is the preliminary section -for cbtaining rafined estimates of the

preference parametars. To improve the precision of estimated parametars,

we employ the 'svnihetic model deseribed in the previcus ssctlon.

- &~

In the synthetic medel z new kincd sf
the earning rate (or merginal productivity) of self emploved workers was
introduced. However, v cannot be directly observed beczuse the Family
Income and Expenditure Survey in Japan coes not survey hours aof work.
Hence, we are compelled to estimate v as a parameter, the value of which
is assumed tec vary from yeir tg year..-

a) Postulzz=s for estimating plausible values of \J

fhe folleowing Aefine whet constitutes 2 vlzusitle velue far V.

‘A

(1) If we have a set of rezsonably good estimates of parameters,
making use of the general model, we should be able to compute theorstical
values for the self-smployed participation rate py4 and pgq (rat? of
participation becth Tor employse and self-employed) as well as the emp?oye§
participation rate e, which should reasonably fit the observables Eg,fL;d
and ug.

(2) In order to compute theoretical values Hys and .4 We, before

e
hand, have to have numerical values for principal earner's incomes Ii oT the
group of households, with v and v both assumed to be common to a1l groups .
of nhouseholds. Ii and w are dirsctly observable but v is not,as mentioned

above. Hencez, owing to (1}, if we try a tentative value fory and if the

value is a fairly good approximation to the true value of y, the computad



theoretical values Lgs Hag and Uy will c22sonabiy it the observed values,

ddition to the above assumotions, the following rastrictions mus*

—

n ad

isTied by ,, together with observed values for I]. and «r.

be sati

1 The siope of the curve standing for funetion CD shculd de positive.

BEr3>0

2(rnot=Zria+r)/(riwi=2r,

ol ' Y 1 —
z ; o - - L [
CLP(HW=C = F(Hd) =)< h
(We nzve this in ordsr =0 ztiain ccnsistency heswesn
- the ciservaticn znd the mcdsel.)
3
- lak=-0al~-
O<ql<"x + IR
=7 - VAl —a(rwiar,u< Fs3h w2 w—g) (Fil=rmeiisS
rat=9%rg ~r,
i .
i a1, <2, wners
q‘=;_,_(f|*7‘r:)(w—a)"’
TNt =2rie+
agrir— T =r) =0 (r=rT)
r. ;I‘—_», T8 +~ 74
(Tnese restricticns sizm from @'\Hcd;;‘;‘) P
S AR, s o(m<h. 1. k<a(3)

G—a)(r =t Ty

S = 1 viald
Condition 1 yislds (ri 2% =77,
Cenditicn 2 22n == rewritian
b I
0 - .
S That we have )

-';-‘-'l"—zl’;‘-'-'.'-f,

&
0o
sy

)

PR (n@i-2 o) >y



(a—u(n1+q;iruqﬂgg3-

. C——— B N .

T _T 2 whe=a - . ’
EREE AN /2., where .|w‘-zr,w_—f,<u,

. -
hence . - —_— -
(u:—a)(f‘[—‘-fz[*-":)<-‘(rx”‘—.3’:=°*f53/2_ .
Wittéesaec: cendition ¥, in ordae- Tzt value in ine root nctatien °e positiva
7 o=

a:d Tocq <7 .

e PG L T L N S TP
"," <- r,:i—zf:.'ld.-_r"

- .

=St ho

<a. -

R e

2% follows. .

- - - e e, .
,—<,— (::r-n(r,;—r,),‘: f‘T—(r.:—r.;_f-u.—
AL A - - - : Z
r,:‘—zr,n-e-r‘ f,.-ﬂ_zr:g,.r, .
— ) e T - -

() Sezrcn for plausipie vélues gof v. Tc computa the theorsrtical

values of parzicipation Fatas, we {irg=~ need numerical valuyes far the

przferenca Paremerers Ys (i=?,..:;5} and g.

Values of Y; 20dF obtained in tha pravious section,

vi=-1.0 12=100.003 y,=3 g797

1

Yu=6000. 4 -ys=—1399.3, and 0=0.3839, were uysed,

f0se valyss arz qof fir

3t aoproximations because they are chizined making

use of the emo igyment 0oporiunity mods}

e

income  from se]f—empioyed wWOrk was ignored .

Secandiy, we need obseryasg valve for If;‘ We used thrae leveis gr I,

Is estimated as n=0.3501 fqr 1964, ang hencawy=15_13

Inserting the values zbove, together with tentative valges for v, intg

restrictiang 1 through S, we Checked to sae these resirictions are satisTied.
Tentative vilues of vy rénged from 1 tc 39 sq 4s to include the observed

value forw, 45,13

(')3'
N3
~1

wWiers nenorincioal earperts (wife's)/’.

-10T W: We have wn=15.8 ror 156k,

o]

-
ere h



Tae intervals of the tsntztive values rfor Vare 5. IS was fourd tn

values of vy Satisfying the restrictions were 40 and 45 zs shown in Tzp VI-j ()

Next we r

D
"')
(D
(o
o
o
‘0
"3
(o]
0
[
tn
7]
[e]
H

the search, that is; (1) various sets orf
values for ’ﬁ and T zrs tentatively adopted, (numerical values of which were

tanta t‘vely ngen in the vicinities of the values cited on the previcus naga)

(2} the values of Ii are adoptsd rom the complets 19 range of clzssas of

+

prineipzl earners' incomes in 1984, (3) the intervals of the tenitative values

stand for Theil's U with TeSpect Lo the Uit of theoretical walues Lo

—--rx il

It c2an te shown from ihe tzbls that the values of A4 sthS“*nr the

e e . T R e .
; tegether with V§ | which were found to sazissy

e
—q
Y]
"3
03
7
i
fu
[
.
N
I
Qa
™
5]
cr

he table below.

~ 100 15 200

I ~
i 0 10 20 30

AL 60007000 8000 9060

s -400 -1L00 -2bg

A
I
(oY ]
=
O
&

+) -
¢ 0.188 0.227 0.2%88 (+)
Y4° e u S
s L5 ()
Checking whether restricticns were fulfilled or not was carried out using values
of T menticned in the tex: Jaiues of R and A used for the check wers as Tollows.
A mex=1.0, Amin=3.25%
n min=0.2% R m2x=3.50

We use cdjective junction,

s R S ~s2
fence we are minimizing (¢ ,

where n stands for the number_of househcids. :
for computation, the value of A was assumed to be Dé
The valueg for § are 2smputad using given values of w, R Y, 1, a&nd7y
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values 0, 9000 and -3400 respectively

Figures of parameters under which bars are attached give relatively

small values for & (the smaller é, the more favorable).

With regard to vs;, vo and ys , the
are terminal values of the ranges for the

tentative values of parameters weras given

far Hor ' Hag and By

values, .numerical values for chjective function
Examining ‘values for ¢-, it was found, with respect vy and yvs , terminal -
'Vel}’

values 9000 and -3400, respectively, ‘vislds
Hence, we extended the range of trial values of the parameters vy, and ¥s
analyses -in the previous

The range far Y; was not extanded because the
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to compute theoretical values
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sections show that p
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of parameters satisfying the conditions
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Among the sets of parameters, those with relatively small values for ¢

are listed in Tab. VI-S.

It can be seen that the ranges ofV found to be consistent with the
theory (i.e. satisfying the theoretical restrictions) are fairly stable
among the various sets of preference parameters, (1) through (:).(See previous table

Secondly, minimum 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.

,We can sees that piausible values for®, appear - n

toc be 45 and 48 for 1964, 41, 42 and 43 for 1963, 39 and 40 for 1982, and,

32, 33, 34, 36 and 37 for 1961. The underlined figures are those whic

appear most frequently among groups of the parameters (Yi’ o) 1 through 5 for

each year.

e agins s e . d . . d . ,
Fig.%[-/3(p)indicatas that the sums of pe, ue , and u~ are undersstimated.

Hence, it appeared necessary to augument the intercept of the marginal

utility curve of income y, and to rsduce that of leisure y, . Before

)]
O
o]
‘__l
0
o
>

doing so, a preliminary test was conducted to, meXxing uss oi daiz
fo exzmine if restriciicns -

T~ ¢throuch T were vialated by slight shifts in parameters v, , ysénd y;. The

results were;

(a) Shifting v, from 150 to 195 {intarvals are 5) does not violate the

restrictions and
(b) Shifting y.from -6400 to -6700 (intervals are 100) does not violate the

restrictions . N .

(c) Shifting Vs from O

the restrictiozs. - (b)

By taking advantage of results (a) and (¢), we set the trial Tevel of
I

parameters as follows, where intervals between testing levels are narrowed

U]
7
N



dawn in ccmoarison to praviocus ones. -

v2. 150 183 160 185 170—17%

vy 0 2 4 68 3 10

Ys 12000 11900 11800 11700 11600 11200
ys -8400° -8200 -8300 -8700

g 0.183 0.193 0.198

8y making ccabinations of numerical values of the parametars listad

in the tzble, we cbtained parametsr sats. For ezch of thesa sats, we -

. - ’ d
computad thearstical values for ue, uEd and p°. Among thosa rasults,

sets of parametzrs with Tavarzdie 3, TJ and AA?

wers salected as shown

in Fct'..f_——‘::-}—;-"f{g_.lc;[lawih; "[‘q_‘_.,,'.e'_ e - . Cmmm—— L L
LT T Reselis for Hovydar jaza 9
TUG TUs AAPS' AAFET 3 . 1, n n .

I 313 846 2973 302 1537 159 6 12000 - 4700 133

T 57T 643 2073 2:89 1353 150 @ 12000 =-4700 . 188
10313 82 usd _14Ls lsa (85 ¢ 12c00  -3T00 188
421792 1199 (1218 1S4 160 O 11300  —4400 .98 -
s 79T a6 1128 1327 1.9 185 0 12000 -4§400 . 198
Yo g L) LXTY ’
— 1 s 42 » k4 ==

) Suiixes 1 and 2, aespechively indicate #e values
whan non ?ar‘iid;‘o."ﬁah Prebabilifoes are 2eludad
and  twcdudad.

The sstimated values for p°, uEd and ud ars depicted in Fig. %% .

e . .

[t cin be seen that the fitting for v~ is, tc some extent, imorcved

wy

but considerable systamatic discresoancies betwesen thaoratical and coserved

d remained. Hance, in ordar to reduce these discransancies,

the Newton method was usad to estimats a better 32207 values of preferance
) VL NP PN T

parametars making use of the values shown in Tab.{ ) as initial values

-

vaiues for u

e ———

for the computation., However, the results of appling the Mewton method
did not szem to be successful, becausa at the point whera the objective

function attained its local maximum, the initial values of parametars



e :
did not change sufficiently, so that estimated u , uEd and ud did not

closely approach to the observed value;:

Hence, we might suspect that the discrepancy between the estimated
and the observed values did not stem from the estimation method employed
but from some inadequacy in the model itself. However, it seems that
we should not discard the basic characteristics of the model under
consideration, because we have succeeded, at least to some extent, in
Tollowing the basic characteristics of the observed data; that is, the

d e
€ andé p- curves.

upward convexity of the ud curve end downward sloping p
Neverthless, it seemed that we would not be able to proceed further
without altering some part of the present model because the ranges of the
parameters satisfying the theoretical restirictions are fairly narrow
and we cannot expect any sets of parametérs.left contribute to the reduction
of discrepancies between estimated and observed values of pe, uEd and pd,
In fact the model! seems to have one point, at Teast, that needs to be
rewritten; that is, v,, the intercept of mqrgina] utility line of leisure,
has been assumed to be written as y,u , with the (density) distribution
function of u being :log-nomel. This is equivalent to assuming that the
minimum value of é; is zero, an assumption which connot be expected to

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

taking into account this point.



. e
(£.3.2] Introduction of ¥¢ and estimation of the parameters
. ~

We rewrite the model replacing yuu by

1 vy o+ v, Yo > 0 :

where v, stands for the minimum value of ¥, distributed among households.
Hence, vis in the previous model are replaced by (1). Making use of this
recsiimate
rewritten model, we shall zestrnict the parameters of the preference function.
Parameters other than Y: have been estimated in the previous section.
We use those estimates as initial values for obtaining second approximation
estimates of the parameters together with the newly introduced vy,
First we must determine the plausible Fange for Y: satisfying restrictions
1 throughM. We tentatively set this ranga from 0 to 1920. Computation
rasults indicated plausible values for vy, were from 0 to 800,
Next, we narrowed down the range of tentative values for e

The values 0, 10, 40, 120, 320 and 800 were adopted and, together with the

o » -
values for vy , the numerical values for yswere simultaneously varied from

-8000 through -6800, the intsrvals being 100. The values tor the cther paramesters
T be tentatively assigned are shown in the table (e).

Making use of combinations of the values for ys and vs mentioned ghave,

ed

s - : . e d
estimates or theorstical values for p-, u and p and values for

objective function ¢ were computsd. Among those results, the cases
?/""'—"‘-.__ (:{,) )
satisfying the restrictions are shown in Tab.! VI-6 )~ However, it should

be noted that plausible sets of parameters mighé_havé been excluded
because of the wideness of intervals for tentatively assigned values of the
parameters. In order to check this point, we alternatively tock 0, 2, 4, 6,
8 and 10 for y, and 0.178, 0.180, 0.182, 0.184, 0.186 and 0.188 for ¢

s 1 ’ . . . i
CRY citgr Pevanatirs are glwm tn the Telis belew.
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" (e)

case Ugq L Ugs Ugy T ry r: . 7 h
o 45 42 3 % 10 6 12000 ° _ 0.18 I3
2 45 42 3 3% 150 2 12000 - 0.188 I3

3 _ 45 4 40 3T 165 0 12000 - 0.183 U3

4 &5 43 40 37 160 0 11800 0.1¢8 A

5 45 43 40 3 165 0 12000 0.198 U3

~These values zre reproduced from the table (B) on pag=270.
Lssigned values for fs and Tzfar‘e as folows.
s -6000, -6100, -6200, -6300, -6400, -6500, -8600, -570C, -6800
%0, 10, 40, 120, 320, 800
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: s I3 i a
{1} 150, 6. 12000, - . .188 2 150. 2. 12000. .188
" r! l s [ L $x Pn I #16 ] . n ré Ts 3T ) é:sr ] 5317 lﬁ;s‘]
! 0 | -6300 | 1472 | 1841 | 3529 | 1279 ] ! 0 | -&00]| 148 192 354 130
2 -6400 | 1325 | 1s2s | 3106 | 1121 | 2 - 6400 | 134 161 | 323 | us
3 -6500 | 1227 | 1258 | zizs | 97g 3 —es00 | 125 13s | = | to1 |
4 -es00 | msa | 1042 | 2395 | sss | - | 4 -5500 | 1 15 234 89 |
5 | —6700 | 1190 | 831 | 2116 | 753 5 -6700 | 125 | 100 28 80
6 | - saco J & - 6500 |
7 10 | -s00 | 1487 | 1873 | 3500 | 125 ! 7 10 | — 800 19 | s | =8 | 1=
8 — 6400 |T1334 | 1553 | 3143 | 1123 8 -6i00 | 135 | 164 | as | 15 |
9 - 6500 | 1230 | 1280 | 218 | 991 9 - 6500 | 126 137 289 102
10 - 6600 | 1179 | 1058 | 2421 | 863 10 - 6600 [ 122 116 256 90
1 -g700 | 181 | 890 | 2135 | 781 11 -600 | 124 | w01 | mo | 80 |
12 | -eaco | 1241 67.7 12 - 6300 O
13 | 40 [-s6300 | 1535 | 1974 | 3100 | 134 13| 40 |-s30 | 154 205 28! 7
14 - 6400 | 1366 | 1837 | 3258 | 117.9 14 - 6400 | 138 172 337 120
15 - 6500 | 124.5 | 1349 | 2858 | 1028 s - 6500 | 127 143 8 106
15 -6600 | 1176 | 1109 | 2504 | @7 | 16 -0 | 121° | 120 | 254 83
17 -6700 | 1159 | 923 | 2200 | 785 | 17 —- 6700 | 121* | 103 zs &2
18 | -e300 | 1198 | 7e7 | 1951 | 694 | i8 — 6300
19 | 120 |-6300 | 1690 | 2256 | 4066 | 1480 19} 120 |—-6300 | 169 3 417 150
20 - 6400 | 1480 | 1893 | 35%.0 | 1303 20 — 6400 | 148 196 369 132
21 -6500 | 1316 | 162 | 3152 | 1140 2 -6500 | 132 | 183 | 3 | 15
2 - 6600 | 1200 | 127.8 | 2755 | 992 22 - 6600 | 121 120 %7 102
23 -6700 | 1134 | 1043 | 2405 | 862 23 —-6700 | 116 113 253 89
24 - 8800 | 122 862 | 2105 752 % -6300 | 117~ %6 225 79
25 | 320 |-6300 ) 2223 | 3129 | 5097 | 1861 25| 320 | -&w | 2l 319 s5i9 | 188
26 | | -6u00 | 1925 | 2675 | 4553 | 165.1 % C-eco | rer | wms | 4e4 | 168
27| 320 |-6500 | 1665 | 258 | 4037 | 1470 27| 320 |-ss00 | 16 | 2 | 412 | 149
8 —6600 | 1447 | Isis | 3ss3 | 1260 28 -850 | 143 | 183 | 3w |
2 ~6700 | 127.3 | 1537 | 3105 | 1124 | 22 - 6700 | 126 15 319 14 -
20 - 6300 | 1145 | 1243 | 2598 973 | £y - 800 | 114 130 279 29
3 800 | -8300 | 413.1 | 5723 797.1 | 2897 31| 800 | —6300 | 413 581 §07 291
32 - 6400 | 3689 | 5149 | 7349 | 2676 32 -840 | 388 523 744 269 |
33 ~ 6500 | 326.9 | 4593 | 6734 | 2453 3 - 8500 | 325 465 632 A7
34 - 6600 | 2875 | 4057 | 5130 | 235 3 — 66500 | 85 411 521 225
3 - 6700 | 2508 | 3546 | Sad.1 | 2022 3 -7 | 247 | 359 | sz | 203
3% - 6300 | 217.8 | 3062 | 4971 | 1813 36 — 6800 | 213 310 504 182
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{31 165,

0. f2000. . 1 160, 0. 11900, - 158
r ry J rs b3 ’ $1s { $31 1 2 7 L rd 7y { $x (A1) ‘ ta7 T Bas
1 0 |-6w0| 310 | a4 | m2 | 16 | 1 0 | -6300]| 288 214 | 308 84
2. - 6400 | 355 235 | g8 B | 2 -6d00 | 322 1w 323 86
3 | ~8s00 | 4c8 | 215 | 32 g | 3 - 6500
4 -6500 | 470 | 28 | 361 @ | 1 | -s500 )
5 -§700 | 540 | =7 | 408 | 105 5 | -6700
5 - 6200 | 6 | - &s00
7 10 | -s300 | 304 9e | 2@ | 715 7 10 | -6300 | =0 210 105 83
8 -840 | 35 o290 | | 7T | 8 | | ~sm | zis | o2 Loug | e
N -6300 | 400 | 253 | a8 | & | 5 | | =500 T
10 | -5600 | 460 | 38 | 3% ¢ 10 | - 6600 j
1 -§700 | s30 | &7 400 103 1 - 6700
2 — 6600 12 | ~ 8300 o
13| 40 |-ss00] 287 | 157 | om0 | w4° 3] 40 | -esco | 25 | 199 | 297 | 2t |
14 -6400 | 327 | 23 282 74t 14 - 6100 | 298 222 07 g2
15 -6500 | 318 | 2w 303 78 is - 6500
& -6600 | 433 | 2 | = | s | 16 - 8560
17| - 56700 | 4% | 380 3 % | 17 | - 6700
18 - 6300 | | 18 - 6200
19| 120 | -gs00 ] 247 160 255 7 le| 120 | -s00 | 231 115 | 282 30
20 - 6400 | 279 (73 257 70 20 - 6400 | 257 189 B4 783
21 - 6500 | 319 204 269 71 21 - 6500 | 290 212 24 78
22 - 6600 | 368 29 200 74 2 - 6600
23 - 6700 | 425 284 20 §2 23 - 6700
24 - 6200 | 431 338 351 93 2% - 6300
25| 0| -ss00] 180 122 53 2 | 25| 320 | —-6300 ] 177 150 29 | a7
2 - 5400 | 194 18 | s 73 % -5400 | 1% 146 263 79
27| 320 ) -s:0] 25 134 21 66 27| =0 | =-6s00| 202 149 %54 73
28 | -es00 | om 147 225 623 28 -6600 | 225 1597 | 251 69*
29 ~§700 |- 281 158 232 62 29 -6700 | 254 177 256 637
30 - 6300 | 325 je0 247 84 30 - 6800
3| 8w | -sx0] 178 218 00 | "e | 3] s | -s30 | 19t 240 422 51
32 - 6400 | 159 181 354 [ 131 32 — 6400 172 0% 378 134
33 - 6300 | 145 152 ar | o1 33 | ~6500 | 155 (75 1 334 |
A ~6500 | 136 | 128 73 %8 34 -6600 | 143 150 297 102
35 - 6700 | 133 109 240 84 |3 -6700 | 136 130 | o4 88
36 -6800 | 136 | 9 212 72 3 - 6800 | 135 115 235 77
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(5] 165. 0. 12000. 198
l rf , rs I Py { Bis J Pir I ¥ T
1 0 |-so0| s | w0 | se | 1 |
2 6400 | ¢m | B2 | 38 | 15 |
3| = 6506 | |
4 - 5500 | [
5 | —€723 |
6 - 6300 |
7 10 | -ew00] | 74 | 2 | @8]
8 - 5400 | 43 25 | o o1m |
3 -6500| 40 | 36 | 430 | M43 |
10 - §600
1 - 6700
12 - 6800
3] 40 [ -e30] 39 | 266 249 125
14 -5100 | 47 204 74 129
15 -~ §300 463 351 403 137
16 - 6500 '
17 - 6700
18 - 6500
19| 120 | -sc0| 310 225 a1e 13
20 - 6400 | 349 255 | 334 120
2l -6500 | 31 | 2w 258 125
2 -6600 | 453 | 339 353 13
23 - 6700
! - 8300 -
25| 320 | -e00| 222 167 235 17
% -6400 | 244 175 219 111
7| 320 | -ss0| 2 190 21 108*
28 -8500 | 07 | 214 ! 1c3* |
29 - 5700 | 351 245 310 11
30 - 8300 | 4@ 2% 333 117
il s | -s3 i 222 Y 155
32 - 6400 | 163 174 323 149
33 - 6530 | 156 152 3% 131
kY - 6600 | 154 135 272 120
s - 6700 | 157 123 27 109
36 - 6300 | 1% 118 228 99
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Using combinations of the given values for v, and o , we examined
if the theoretical restrictions 1 thro&éh 5 were violated, It was found
that there was no case violating the restriction;. To further substantiate

this conclusion, we extended the range for Y: frem 0 through 40, The
intervals of tentative values were 8, The trial levels for ¢ was the
same as the previous ones. Combinations of the values fof Yi and o were
checked against restrictions 1 through 5. Again, the results showed that
there were no cases viclating the restrictions.

Taking_into account the results of these preliminary test, it was
thought that there was 1ittle chance that any combination of parameters
would violate the restrictions for the ranges checked even though combinations
actually tested were Timited in number. Hence, we proceeded to convergence-
Computation for estimating parameters making use of the steepest ascent
method,

Initial values of the preference parameters were tentatively chosen as,

0=0,188, y,=150, Y12, Y,= 12000, v5=-6700 and vy, =40

with other parameters given as h=0.33, wi34=47.4, V,9=45, W,z=44.10

\)3g=42, Vg 7=4] '70) \J37=39 w5¢=38.4 and \)35=36.

0:1
The objective function x2 was computed by employing the entire data

set from 1961 through 1964 and corresponding estimated values for the
parameters. -

However, before we proceed to the estimation, one point should be made.
According to the experience of previous estimation results and the |
preliminary estimation making use of above mentioned set of initial values

of parameters, the results of which are deleted here, it was found (1) that

362



when we allow all the parameters to vary, some parameters, sometimes,
clearly do not attain their ootimal {minimizing x2) value for the ranges
\iﬁii}$li“g thehrestrictio%s and (2) that > _ . o
when we allow o and v§ to vary, other parameters being fixed at initial
values, the speed of convergence for y, is extremely slow.
These experiences show that some barameters barely attain convergence when .
their initial values and/or initial values for the other parameters_are not .
Consequently, to begin with, we shall”vary numerical values of a fey \oPoroPriate
parameters among the parameters to which 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 a period of fairly steady growth as shown
by the growth of \w as well as the growth rate of GNP, and consequently the
parameter v to be estimated is expected to grow. At the very Teast;ﬁé
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 such counter- intuitive
movement, 3
\\“*“‘\f’7f7i?Eeéagﬁkgg?t the values for other parameters are inadequate as initial
values to be adopted. Cansequently, we should allow parameters other than
v to vary in order to minimize x2, and after that, wé have to vary v by
employing the newly attained values of gther parameters (which we have

2 principle) as given. After this procedure, we should _

varied with minimum x
examine if the estiméted values for v are gonsitent with the other
information.

As a "postulate" for the estimation, we consider (1) the parameters
Yis Y25 Y3s Yus Yso Y: and ¢ to be constant for all the observational

years and for all the principal earner's income classes and (2) % , vandh

7‘.'



are considered to vary from year to year but are considered to be

constant cross-sectionally. We minimize

2 © o (t=1961,....... ,64)

instead of I ¢, . After obtaining ¢is thus minimized we calculate
t

oy ~
L ¢ , where ¢ stands for the minimized value of o, for each year,

Experiment I

As was mentioned above, we start from the estimation of v .

1964 63 62 61
Y1 -1
Y2 150
Y3 2
Yu 12000
Ys -6700
T 40
o 0.188
h 0.333 z
we 47.4 44,1 a7 38.4 BEEE
Vi 45 42 39 36 ,,_.?_.,
T (45.51)  (42.63) (40.35) (37.48) S LiETio)

Parameters except for v are held constant at their initial values.
vt's are varied so as to minimize @t's. The result of estimation is shown in

the table. The estimates for vt's seem to satisfy the vostulate for estimation.

(*) values in the parentheses are the convergence values.
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Expe_m'ment 2.

T g4 63 : 62 61 | o
v 45--45.48 42— 42.63 39--40.35 36 —~37.48 543.298
¢ 0.188—0.13675 0.188--0.17675 0.188—0.176756 0.188--0.17675 |
! 40—25.3 ' 40—~25.3 40—25.3 . 40—+25.3 431.099 ,

"~ Initial values for Y2 Y3 Yu—‘and Ys are held constant at the seme
levels as in experiment 1, and ¢ and y‘z together with v, are varied.
Estimates for the parameters are shown in the table belqw. It should
be noted thaf the estimates for ut's are similar to those obtained in
- experiment 1. Also, the direction of changes in the theoretical

(estimated) values for ui, ui and uid

s*;(rming; from changes in the
values for o, Ylf éﬁd vt"s is same as that observed in-experiment 1.

The switching algebraic sign of ry and the low speed of convergence
which was experienced in preliminary estimatioﬁ before experiment 1,
which is deleted in this paper, did not occur in this experiment.,

In the preliminary experiment Yuo » together with o, was varied, but
in this experiment vt's were allowed to vary together with Y; and"éf.'
Hence, allowing v, 's to vary caused ‘rﬁ to have a stable sign and also

eliminated the problem of convergence speed.

The fitting of the cross sectional estimates for ue, ud and uEd fd\\_

N\

the observed values in 1964 is fairly good. However, the estimates

were not as good for the observed data for 1961 to 1963. In particular,

-

Ud and ue are underestimated. - ) e ——
obtained by making use of the’

\weters estimated- ) <

-

1

’

-

-
e
»



e e e e e e+ e e - e ) L

Experiment 3.

A . o w Lry 0
464 45.51 47.4 T 462.33
63 42.63 T o441 12000 |
62 40.35 41.7 11é87.5 44771
61 37.48 38.4 '
7=0.188. r1=150, ry=2, ry=—6700, r0=40. k=0333
B v w re [
64 45.48 7.4 431.32
63 42.63 44.1 ~ 6700 - b
62 40.35 d1.7 ~5‘952.5 356.12
61  37.48 38.4 _ .
@ =0.17675. r1=150, ry=2, rf=253. h=0333 A
c v w e o ‘
| 64 4551 7.4 462.33 :
' 63 42,63 4.1 ~6700 |
62 40.35 41.7 —51752.5 ] 44564
61  37.48 38.4

0=0.188, ry=150, r;=2. ri=12000, r®=40, k=0333

D v w I ]
64 45.48 47.4 431.32
63 42.63 44.1 12000 1
62 4035 417 Ciits 430.33
61  37.48 38.4

?=0.17675 . ri=150. ry=2. ry=—6700. 70=26.3. h=0.333

‘ ' £ ex 4 e e ryi 3 Tf"ﬂ;;;;ectively.
This experiment examined the effect of varying (uand Yg

! S nd C we used
The results are shown for cases A thrcugh D. In.caqes A a

~ = 1 air B iy ent 3 i ie nc Al

- &
1Ot alX Y (4 \ an O ve > Ot) t 1I"ou ._D6Ll
| : l . gkl - »
A
(34 ~

to all cases A through D (with the exception of g).
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More specifically, in cases A and D Yu is a llowéd to vary , while in cases

B and C Y5 is, and in cases A and C the value of o 1s the one used in
experlment 1, and in cases B and D the vaWue of g estimated in experiment

.2 is employed. The purpose of using alternative vglues forbﬁzfagr;;t__
_respectively, are affected by slight differences in the values of parameters \
'which are held constant for the estimation of Y, or 75. i

As shown in the table, the result was favorable, that is, the estimates

of Yy and YS were fairly stable for cases A and D and cases B and C

respectively. T
(§:§E§j;—is to check if the estimates for/
R . . —e e e
Experiment 4.
Y T e, T e 615
v 45.51 | 42.63 40.35 3748
w 47.4 44.10 70 38.4
P 0.188 0.188 0.188 0.188 ?
ry 150 ) 150 150 150 458.42
7 2 2 2 2 l
ro 12000—12112.5 1200011875 12000—11887.5 12000—~11875 43087
2 40 40 40 40 .
re . —6700 -6700  —6700 - 6700
P 0.333 0.333 0.333 0.333

The purpose of this experiment was to checx if the es*lmates for vy,
l,

are stable for the four years, 1961 tnrouﬁh 1964, Hence we allow the

estimates for Yy

1 through 3.

to vary f ar {1
vary rrom year to year in contrast to experiments

In those experiments estimates for Yy»> @s well as other

preference parameter ; '
I ecers, Yos Y3, YS’ Yy and o, were obtained by using

the p inf i
bostulate or a oriori niormation that preference barameters shculd

be stable over time.
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Numerical values for parameters which are held constant for the
th experipment £
estimation of Yy are shown in table (1\ ). Estimates obtained for Yy
are indicated with an arrow. 'The estimates for the four years strildngly
resermble each other, but cn the other hand, the fitting of theoretical
d d

value to the observed value of ue, u is not good. 'Hence,

and ue
there remain considerable discrepancies between observed and estimated
values as shown in Fig( ).and it fs therefore necessary to change the
numerical values attached Fo the preferencé parameters, Yos Y3’ YS, g

and Yff among those parameters we first reestimate ¢ and Yﬁ-

Experiment 5.

the initial values for w , v and h

1964 ‘ 1963 1962 1961

w 47.40 44.10 41.70 38.40

v 45.51 42.63 40.35 37.48

h=1/3

T -4 . Tz T Ta Ts I"|° )]
1964 | ©0.188 —0.188 150 2 121125 | - s700 40 ~ 70.7 13105
1963 | 0.188 —0.188 150 2 118755 | — 6700 40— 714 |
1962 | 0.188 —0.188 150 2 11887.5 | — 6700 4D~ 35.7
1961 | 0.188 —0.i88 150 2| nsrs - 6700 40— 336 429.66

In this experiment & and i': are allowed to yary simultaneously. For the value
of r, , we employ the better one obtained ;n experiment 4.

Estimates for ¢ and YL? are shown, together w_ith values for the parameters
which are held conﬁtant, in table ( ). o and Yuo are allowed to vary among the
years 1961 through 1964. Results show that estimates for ¢ are almost
same as the initial values, but that estimates for Yf in 1961 and 1962
and in 1963 and 1964 respectively resemble each other. In terms of

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

64 63 62 61

rs - 6700 - 6700 ~ 6700 - 6700
re 121125 11875.0 11887.5 11875.0 )
ry 70.7 71.4 35.7 33.6 429.66
s 2.0 2.0 2.0 2.0 )

w 47.4 44.1 417 38.4 389.80
v 45.51 42,63 40.35 . 37.48

o 0.188 0.188 0.188 0.188

| } I L

0.1789375 0.17346875 0.17221875 0.18190625

One point to be noticed among the results of experiment 5 is the
apparent constancy of the estimates of ¢ over time, that is, they are
the same for three decimals. However, the estimates(or con&ergence
values)seem to be affected by the numerical values for the other
parameters which are held constant for estimation. In order to check
this point, we tentatively replace the initial valucs for yuaused in
experiment 5 by the ones estimated in experiment (5 ).

We allowc 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 clusely resemble each other and differences
between Initial and convergence values are small for each year.

This is a favorable result that may ensure the stability of the
preference parameters over time.

However, on the other hand, the fitting of theoretical values
to observed values is net so easily improved, as shown in Fig ( ).
In particular, there was systematic underestimatibn for the three

years, 1961 threough 1963.
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Experiment 7.

19 64 6 62 6l

& 150 ELFL)
Ty 2
r, LR T S S e, ./]_3875:0:
rs -6700 ~6700 6700 -6700

- 6862.5 ~6937.5 -17037.5 ~6825.0
rd 70.7 71.4 35.7 33.6
a 0.17893750  0.17346875  0.17221875  0.18190625
v 45.51 42.63 40.35 37.48
w 47.40 44.10 4170 3840

In the prvious experiments, 1 through 6, we did not allow 75 to
vary. Here, 75 is allowed to vary in orde? to improve the fitting
for 1961 through 1963. In this experiment, we do not use the a
priori information that YS should be of the same value diring the
four years, 1961 through 1964, because we want to test the stability.

of estimated values for YS among the years.

17E S £2 43 4
f‘\t T~ 6700 —47ce "‘4760 ~42c0
—é‘;;r.a —7037. & =873 & -434>2.§
(\]; Yd )’\IL V:L | w | » .
VxS, Yy 118780 (33.4, 3&7/ /% 7 7) (0-78,3, 00732 60738, €075 %)

v
(3p.ve, w38, w3, #6.67)



1961

1962

1963
1964

estimates for u%n{ﬂd, approach ﬁhe observed values, while

aed,s exceed the those values. ﬂd apprqaéhes the observed values
but not sufficiently. |

ﬁe and’ﬁd sufficiently approach the observed values, but ued's
come off the observables. |

the same tendency as 1962. -

the same as 1962.

It can be seen that the estimates for YS for .each year are stable

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

that preference parameters are stable inter years.

Experiment 8.

T2

rs
T

[}

64 63 62 61
0.1789375  0.1735 0.17221875  0.18190625
150 150 150 150 o
219 2173 2-132 2102 313.033
12112.5 11875.0 . 11887.5 11875.0 !
- 6862.5 ~6937.5 ~7037.5  —6825.0  284.94s
70.7 714 BN 336 )

We have not allowed Y3 to vary in the previous experiment. In the

same manner as for O in experiment 7, we allow 73 to vary in this experiment.

YS 1s fixed at the values obtained in experiment 7, and the values for

other parameters, except for Y3, are given as in experiment 7.
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1961 62 63 64

Y3 10.2 13.2 7.3 1.9

As shown in Fig (), the effect of chafing the value of Y3 is
remarkable. Considerable improvement in fitting is observed, for the first

time, for years 1961 through 1963.

Experiment 9.

64 63 62 61

¢ 0.1789375 0.1735 0.17221875 0.18190625
Ty 150 150 - 150 150
Ty 2 2 2 2 o
ry 121125 11875.0 11887.5 11875.0 313.0334
rs  —6862.5 ~6937.5 - 7037.5 ~6825.0 |
r 70.7 71.4 35.7 33.6 310.8691
h 0. 3133 0. 313 3 0. 3133 0. 3133

0.33458 0.332 0.332 0.332

In this experiment, parameter h only is allowed t_o 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 h for four yeérs are stable over time. However,

no remarkable improvement can be seen in the fitting cf the curves,
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Experiment 10.

64 63 62 61
ry 2-0.6875 2 —9.6875 2—17.3125 2~16315 o
B 0.333-0.33458 0.333—0.33083  0.333—0.32833  0.333~0.32833  313.0334
re 121128 ' 11875.0 11887.5 187150
re  —6862.5 -6937.5 ~7031.5 ~6825.0 ~°  267.657
8 70.7 71.4 ; 35.7 33.6 -

¢ 0.17894 ' 0.1735 . 0.1722 0.1819

-

Teking into account the results obtained.in experiment 8 and 9, .

we allow YB'and h to vary simultaneously.

Changes in the estimated values for 73 from the initial values
especially in 1963 and 64, and the estimated values fit the observed

values somewhat better.

| 1964 . 63 62 61
Y3 -0.6875 9.6876 17.3125 16.375
h 0.3346 0.3308 0.3283 0.3283
Fxperiment 11.

We have not yet allowed Yo to vary. In this experiment, Yé only
is varied, other paremeters being fixed at the initial values glven in
experiment 1. Estimated values for v, in years 1961 through 1964 are as

Jollows:

1961 62 63 6l
153.7 153.7  152.7  147.5

Overtime, the estimates are fairly stable. The results of itting
are fairly good for the 1964 data but underestimates were obtained for

the other yeafs.

28



Experiment 12,

1964 1963 1962 . 1961 o

l
h 0333033833 0.333 —0.33833 0.333 —0.3458333  0.333 —0.3470833 407.7284

We allow Yo and h to vary simultaneously in this experiment.

The values for v, Y32 Dy vy, vg and o are fixed at those values used in

experiment 11. The results are listed in the table below.

- 1961 . 62 63 64
Y, 161.2 158.7 153.7 148.7
h 0.3171 0.3458 0.3383 0.3383

Little difference is found between the values for Y5 estimated:in
this experiment andvthose in experiment 11, The values for yz's and
h's are respectively fairly similar ameng the years,

The ud's for the years 1961 and 1963 are still underestimated and also
are underestimated for the upper principal earners' income classes 1in

the year 1962. The fitting of the ue's are somewhat improved for 1964,
Experiment 13,

As 1s shown in experiment 5, discrete changes in the estimates for
y; are cbeerved as time passed;that is, those estimates for 1963 and 196§
are larger than these for 1961 and 1962. In sucéessive experiments,
we [ixed YZ'S at those values obtalned in experiments. Also we have
found that estimated values for othér preference parameters, Yos Yy and
SO on, are fairly stable over time, with the exception of 73. Therefore,

it is reasonable to hypothesize that all the preference parameters,
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YE(E -1), Y3, Yys YS’ Yﬁ’and 0, are respectively constant over the years

1961 to 1964.- That is, significant differences In the estimates for

Yﬁ and ¢, respectively, might stem from the inadequacy of the values for

other rreference pérame‘ers used in experiment 5 and 8. (The siznificant
- differences in estimates among years appeared iﬁ experiments 5 and 8),

Hence, calculating mean values of the estihates for Yf and g,

) respectively for the time reriod 1961 through 1964, we obtain yﬂ = 52,85

and Y3 = 11.0156.

VMalkdng use of those values for Y3 and Yy and those values for other
preference parameters given in experiment 9, we allow Yo only to vary.

By doing so we obtain estimates for Y, as follows.

1961 62 63 64

152.5 150.0 150.0 151.2.

It should be ncted that differences in yearly estimates of Y, are
less than those chtained in experiment 12 where we did not use mean values
)
for yf and 73. Also the magnitude of the abjective functio?ASn this

experiment is smaller than that obtained in experiment 12.

Thus, it may be concluded that the results of this experiment tend

to verify the above hypothesis.

Experiment 14,

R S S S 5 LA AL A

r, 150.0 150.0 . 151.2 . 153.7 151.225

A 0.33208 0.33083 0.33083 ~ 0.33083 0.3311425
e 12112.5 11875.0 11887.5 . 1187570 11937.375
re  —6862.5 ~6937.5 -7037.5 ' — 6825.0 '~ 6915.625
a 0.17894 0.1735 0.1722 0.1819 0.176625

ré& 5285 52.85 52.85 52.85 (52.85)

ry  11.015625 11.015625 11.015625 11.015625 (11.015625)
v 45.5] 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

by this experins=:

which allows Yo and h to vary simultaneously. The results are shown in the

following table.

1961 62 63 64
Yo 153.7 151.2 150.0 150.0
h 0.3308 0.3308 0.3321

0.3308

Although sligﬁt successive reduction on the estimates fopr Y, are

observed during the four years, the estimates are fairly stable and those

for h are extremely stable. The magnitude of the objective function in

- this experiment is also reduced in comparison to that value calculated with

the initial values of preference parcmeters.

Experiment 15.

Taking into account the results of experiments 13 and 14, that

estiyated values for the parameters are stable cver time, the values

for preference parameters, Yy 75, g, Y3'and Y,, are respectively fixed

at mean velues of estimates for the years, 1961 through 1964 in this - -

experiment.

0 .
We allow two of the three parameters h, v and Yy to vary simultaneously

2s is shown in the following table, (a) through (c).

2) h and v are varied.

1964 63 . 62 61 i'.
h , 0.5311 0.3364 0.3311 0.3261
v 45.51 42.20 ho.27 37.97

38? 9
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Tnere parameters are not preference parameters which are assumed to
be constant, but rather are the assigned hours of work and the earning

rate for selfemployed work which may vary over time.

h) Yg and h are varied simultaneously. The estimates for thave been
observed to change over - time since experiment 5. In this experiment,
we exemine if estimates for Yf vary when using the set of parameters

fixed at mean values. The results are:

-

1964 63 62 - 6l
Yﬁ 130.9 72.9 -21.3 -25.2
h - 0.3311 0.3311  0.3311 0.3311

The variation in the estimates for Yf.reappears. However, the

magnitude cf the objective function is less favorable.in comparison to

the value obtained in experiment 14 where Yﬁ’was held constant over time.

Hence, it can be seen that allowing estimates for yg to vary has no
merit in improving the fitting. 'That is, can obtain a better set of

- preference parameLefs by holding Yﬁ constant and choosing better values
of the other parameters.

(c) Yg and v are allowed to vary.

The estimation results are as follows.

1961 62 63 64 o
v -25.2 -25.2 68.5 130.9 327.078

v 37.38 40.15 Lo, sY 5 51 306.992

In this experiment variation in the estimates of Yg reappears as
in experiment (b). 1In this cese, although the maginitude of ¢ is a
little smaller than that in (b), it is larger than ¢ in experiment 13
or 14 where Yg is held constaﬁt. Hence, it can be seen in this case
also, that allowing Yﬁ’to vary over time has no merit in inproving the

fitting of estimated to observed valves.

———
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Experiment. 16.

T T 1962 [ 1961
45.51 4263 40.35 3748
v } C | :
43.07 42.08 40.26 37.56
aiE3 | w (L\ ) ! 323.03041
) b@ 12.50 A3 39.28 \
4y, 385 {3 Mz:’/”jD )
0176625 | 076625 | 0.76625 | 0.176625 211.33099
P i ! ! }
0151625 | 0.51625 | 0151625 | 0.151625
151.2 151.2 151.2 1512
ry ) ] | }
1462 | 1462 | 146.2 1462
1.0 1.0 110 110
ry - ! T .
~-02 | -02 |- -02 -0.2
119374 -| 119374 119374 119374
ra i ! ' }
12399.3 123098 | 123909 12309.9
—g915.6 | -69156 | ' —69156 | —69156
rs ! Ve - o
-18156 | :-18156 |, —78156 | ~7815.6 f
<29 529 | . 529 | 7 529 o _ :
rd } l | o = |
53.1 537 .| 37 537
0.33 0.33 033 033 :
I ’ | o : :
034 033 O |0 03 . ~ |

Taking into account the results obtained by the previous experiments,
it may be argued that there is no strongévidence contradicting the assumption
of the constancy of preference parameters over time. Therefore, if the
parameters are, at least locally, identifizble we will cbtain more favorable
estimation results by making use of the priorl 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 preference parameters;
Yo Y3, Yy YS’ Yg and ¢ which are listed in the table in experiment 15.
Other parameters, w, v and h are of course allawed to vary over time.
Initial values for these are also listed in the table. Making use of

these values as initial values for the parameters, we can estimate all
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the parameters by allowing all of them to vary simultaneocusly. All the

estimates for the preference rarameters are restricted to be r~cnstant

the above
over -‘time. The results are shown in /\table ¢ ). L.

.

The steespest ascent methrod w anrloyed for estimation. The speed

=i

of convergence in the process of cotaining estimates was fastsr than

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

results amongst all the estimates oftained in section VI. That is,
. L . . s d -
the preblem of systematic underestim Ticn for u~ was resolved except
. <] .ooed”
for the lower inccme classes in 1964, and fittings for u~ and u™™ were

imroved.
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