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       Synthetic Model of Labor  v1 ? . Suooly`'O 

      --Refinement of precision of the es 

        using the synthetic model--

      So far, the analysis was focused on                                                  wi 

potential earners') acceptance and reject 

offered by firms . There are, however , e-
being employed by the emplovers . As a matter. _ Of t 

other than employee ( self-employed. wives) 
a comprehensive theory -                                 o labor S                                         ply sh 

be able to t= eat the earni nz behavior v'1 

From this point of view the theory of wiv 

earners') labor suooly behavior develoced

:' t'TDe A Household 

timates of the parameters 

the        ves' (non-principal 

ion of employment ODp02^tl:n_t r 

.-rrin~ opportunities withou t 

 1cC 

    ; a number of working wives 

 are .found _in the FIES data . 

       ould, originally , 

                Wives, tCO. 

es'(non principal potent__ 

 so far is of the first

~~ 1



[&.

approximation in the sense that it describes wives' acceptance 

Or rejection of emoloyee status Only. (I shall hereafter distin 

(--those two kinds of working wives (members) of households by 

----using phrases employee wives and self employed wives) 

     We used the labor supply theory of first approximation of thi
s 

kind in order to estimate preference parameters . The results of 

the examination in section
. ( `l )_seems to show that we need a more 

precise tl1enry               _ e_ labor supc'-T than is the theory of second . _ 

approximation. ~ - .                    :S- i S mentioned above the second approximation -

theory should be able to clarify the behavior of self employed 

as well as emclcyee wives . _ 

     In this context a more precise model of wives' labor supply 

is developed in this section . 

                                                                                                                         y v'i                   _ ~ r' l I Labor ^tl mode oI•' _ ~ type A househo? dS COT~.StrUcLe. 

    takinz i rto account Wi yeS' S i omfl n~Ta~

i 
     The synthetic model of wives' labor supply for type A households 

should clarify the conditions by which participation status of 

wife (non principal potential earner) in a given household belongs 

   either Of the following four patterns: 

     (1) She (o_ non principal potential earner) i s neither an 

            employee nor self -emr? oyed _ - -

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

     (3) She i s an employee but is not self-employed. 

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

Taking into account the results so far , let (1) the income leisure 

preference function be quadratic and (2) wife's income generating

9 -, f
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                                                   the ma_ g i al 

~unCtion (Production function) be linear, i.e.,   with respect to wife's 
 arning rate (marginal value productivity ) 

labor hour being a constant. proposition (2) is 
                 ~7i t W i tYlOUt 1TI?Lair ing SU~'iStanti al • Cla="c.Ct2r1St1CS th

e sake o~L' br..o Y 

of the model. 

       m '"mi Hants Of Wif e t S Dat tern OZ" labor Uarti Ci Dati Ori  ,, -1. the dot e_ .. - ~ type A households with a- common 
      Let us consider a group of 

 level of principal earner's income, I (Fig 1) • Lett the marg; nal .                                                                   l f _erD 10 Yed                                                          L - wife's S`-d 

`~ ~ 
suDposecd to be coon to all the - houses'..C= 

 work) be v which i.5 - . 

 considered. 

       The wage rate offered by firms to the wives of the households 
             ,~ are denoted by w and h respect ively whici 

  and assigned hours o~ work 

     SUDpOSe 'v.J be common t o all the households considered.     r~ ..... s 

        In _ .,d for ~~J and v respecr.iv~_y . 
                          .. ~ ~~~tan Ew ~.rd to Ev stand 

r 

  When th .,n employee opportunity, her income leisure 

                1 ~~ 

  t' e wife aCCeDLS a -      ~_. .. ; o• through point 

        • on is given by point k. CD is the line pasS_no 
   posit ~l  l_ne of ge ieratir_g self-employed 

0 

    income. II she w; il°e a - . 

                               ousehold income will be aug~m:en red along 
   works as self-employed, h 

   with the line k D • The gradient 
                                                L o                                  p 5i through pint a.-                                                         as. , r_o y 

         Now consider a COnLOL.=' 

    o Till vary arcng. the h°usehold:     f the contour at point a,l dx/~,~ w 
                    to the difference oI income -    considered due 

    among them. 

               s call the sub group of. households i with          Let u 

      1) I dx/dn \a > 

                   2 '                                                                                                          i~.~.) ..
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 ze group I, and the sub group of households j with 

   2) \dx/dAJ              a C v 

Ze group II. 

  It will be clearly seen that household i included in grout 

   s a household _cr which there , s no tangency point of contour 

Z the line a B, while there is the tangency point of _ contour on 

~e line a B for a household included i n group . It will be 

?ed' ess to gay that household with Jd/dA1.=v l~_s the one _n w ich-
                                                  a. 

~e tangency point lies just on point a. - - -

    As to the households of groin ii, tangency point of contour 

Les below point a on the line aB . On the other hand, for the 

Dusehoids o_= grout - 1 there is . ^o_r.,t t between the "' .c tangency between ,,he points 

 and B. For those hcusehclds the tangency point will ' ~i o situated                          ~+ ~ .. ~ point 

some point en the dotted line 1a which is in an ineffective zone 

L the indifference map. 

.1.1 WivesT participation behavior in the households of group I . 

?.1.1.-1-

     in i ig'2 a contour w,.~ o - household in group I i s dep cLer. 

?ngency coint o_ aB and contour is shown by taint d ~"? tie it1 ~~'royL 

one Oi : the indifference mat. 

                                                                                                                                                                                                 'I       L the G~ VT-
    Let he intersection point of and ak be m. In Fig'2 point 

 is situated above point k on the line ak. First we shall examine 

~e behavior of a wife of household with such a contour` as is 

hown in Fig. When the wife accepts an employee opportunity 

er income-leisure situation is given by point k. Her situation 

s shown by point a if she neither accepts the Op
portunity nor works 

                        22-4



r

r

i

SC! °^e eds

-Zr 

 V I~'~

Gdiner'CaseLnGA ~~ 
 lr 

d~ 
  I \ 

   1 .

a

m

a

k

x
D3

4

It

0



 to earn her self-emmcloyed income. When the wife participates both 

 in the employee opportunity and the work for earning self-employed 

 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 partici pate i n the work for earning self-employed income only 
that is, does not situate between a and E) . 

      Among those three situations point a is clearly the best ore 

 because point a lies on the contour with highest utility indicator 

 ccm"ared to rcint k and any po ints between k .and D. Hence, point 

 a is chosen by this kind of household (wife). 

0-1.1.1.-2-

      In Fig 73 the indifference curve of ' household in which the 

 Intersect=on -, of contour passing through point a , ~==a, and 

 the line aJ lies below point 1                                              V.. rC. _ 

      If the wife _r a household of this kind participated both 1n 

 an employee opcortunity and in self employed work her income-leisure 

 situatidn would be given by the tangency point of contour and line 

 '.c somewhere between k and J, as the hours of work for earning self-

 employed income cann be adjusted as the supplier(wife) desires contrary 

to the case in which a wife is an employee. 

      It should be noted, however, that there does not exist any 

t 2ngency point on the indifference curve and line between the points 

k and J on the line cD. If there were a tangency point, g, which 

is not shown in Fig (3) , i t would be said that, .when the principal 
                           17\-

earners income is 1'f (in Fig/3), the non principal earner's (wife's) 
optimal hours of work for the wage rate v (=tanav) is given by

288
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       the ordinate difference of point and I f such a 

       case occurs it would be clear that
, by comparing points d and                                                               g

, 
       the larger the principal earners i ncomethe longer the nonprincipal 

       earner's (wire's) optimal hours of work
, the nonprincipal earners 

       wage rate v being given
. This means, under the assumption of 

       cuadratic preference function
, that the locus of \1 y 

      (see sect? on (34>) on the X-v A ~plane is downward sloping , 
   However, the downward pint Iccusis evidently- inconsist

ent with 
      the observed Iacts ,'./downward Sloping participation rate curve

, 
       as has been disussed in section . ..). - _ -

            Hence, i t was Droved that , under the assumption of quadratic 

      preference function, there should be no tangency poi
nt between points 

      k and v ~ for the cons istency between the model and the observation .                                                                                                                                                                                                                                                                                ~- 'v 

                them- ion mentioned above
, any points between k and J 

      lie on the indi°.
ern ~'it y                          -1 nce curves With ir

_f eri cr values of 

                                                                 ~inds_cator      compared to the indiff
erence curve passing ng thro

ugh ~hroujn point k . T•      l
°arly se that po1                           n~^! :~ •,Z~ - ~ , s      C' ~;. k is Dref er-b i 

e to point a Hence _ 
      1 J DreL'nrnd th

at _ Point 1.t                                           the household with such T                               ~ - - a indiffer
ence     map          as i s shown in Fib ~ ,acceDts the employee oPDortunity ~n^ QOo                                                                                 cu does 

    not earn an ad iticr
_ei se! i -o1cyed income. 

V 

   6,1.1.2 Wives' Dar-, ~~ -

n 

          In a household of g
roup II there exists a

.tang .,ncy point of 

_ 

    line aB and indiffe: once curve , d, as sho:'m in Fig' .   ~
-1.1 .2-1 Household in whi

ch tangency point d lin                                                     - ,.s between points 
               a and P. 

       Let the intersection poi nt of line a8 and horizo ntal lire passing 

                            ?~c



                                                                               VI-. 

 through point k be denoted by ? as shown in Fig" . Consider a 
 household in which the tangency point, d, lies somewhere between 

 points a and P. For this type of household, let the crossing 

 point of lhc. and ak be. denoted by. m1 . 

G-1.1.2-1-1- In the first place consider a household i n which point m' 

 lies above point k as i s shown in Fig' . 

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

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

 curve _:1!h th " he highest .-indicator _'cr.V the points. Ic,. a, and all the 

points between k-.and D. Hence, she works .for earning self-employed . -
       ~hJy 

 inccme~~and does not acceptt employee -opportunities 

S -1.1.2-1-2-. . 

      yet the extention of line ak be k (dotted line) in An 

 intersection point of ki and contour d is denoted by m'. Consider 

 a household i n which point m' lies below point k as shown i n F i g4 . -
      The wire (non-principal potential earner) in this type of 

 household will never choose any points between •k and j. If she 

.chooses those ooi nts_ i t would mean that she is both an employee and 

 self-employed. But a closer look will show such a case can not 

 occur. If she chooses any point between k an J, this point would 

 have to be a tangency point. However there could not be any tangency 

point between k. and J because of the requirement of the upward 

 sloping rt H L S locus which must be fulfilled on account of 

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

 in section Hence, d i s prefered to a, and any points 

 between k and J are pref erred to d, therefore k is prefer ed to the 

 points between k and J. That i s;Nthe wife will be an employee and 

J 

 will not work for a self-employed income. 

                    - 9~
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 6 1.1.2-2-

       An indif 

  F ig`lo , For t 

  further discr 

6 -1.1.2-2-1 I; 

  curve and the 

  a household i; 

  there exists. < 

  the line . fk, 

       For this 

  on the line k 

  minor. indicate 

  k lies, becau~ 

  the vertical 

  axis. 

        Hence, air 

 D, d is preferr 

preferred t o d, 

 D; thus k is 

 COtential earn 

 and has no sel 

  -1.1.2-2-2- C 

 point k. The ; 

depicted in Fig 

      It will c 

 the wife (non prix 

 and at the same t-

Household i n whi point   lies between Doints D 'rid B.

.n indifference map of this kind of household is depicted
. in 

  For this kind of household two types of households are 

r discriminated from each other . 

-2-1 In Fig /6 point e is a tangency 
_ p oint of the _naI~                                                     .. _ _ff~,e-r~nce 

and the line fk which is the extention of line kD . Consider 

ehold indifference map which has such characteristics that--
.. 

exists- a Tangency- vo_nt between the indifference curve d - -

ne fk, - -t- - 

or -this kind of household-all the points between
, k and D 

 line k D are situated on the indifference curves with 

indicators comioared to the indifference curve on which point 

  because the gradient of contour at point k , dx/d,1 ( , to 
:'tical axis is laze= than that of line k D to the vertical 

once, among points a, d, k and all the points between k and 

  preferred -to- a and all the points between k and fl is 

i to d, and k is preferred to all the points between and 

is k is preferred. This means that the wife (non Principal 

.al    earner) or _ this household accepts i employee opportunity cA /f 

 no self-employed income. 

•2-2- Consider a household in which point e lies b
elow 

• The indifference map of this kind of household is 

i in Fig VI-7 . 

 will clearly be seen a is Preferred to a , d and k. Hence, 

(non principal potential earner) will accept the employee opportunity 

ie same time she will work for the self-emoloved income . 

            291 i/
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1, 1.2 Labor oart_cioat_on 1'!oael o f t?oe A =ousehc~d

    . 2. 1 Summary on the patterns o_' Tai ves ~ labor Dar'i'
_CiDa' .                       - ~ Lion 

       The patterns o_ ;rives' labor participation behavio
r discussed 

  in the previous section ,6.1. 1 is summarized in TabV.

1. group 

   Households with 

   point d above a

2. -r o uD ! -

   Households with 
  point d below a

i_1

_~1

2-1

2-2

rCUSehOidS ;it: 

m above k.

__.^~~:Sc.^.v1CS 

  below k
?!=''^       :+ 11

point d between 
a and D

 ouseholds with 

~o_nt d between 
o and E

 co=n c is prefered 
_ (no cart c' pctionb b:°: in 

ernolovee ocportunity = 
 self emoloved work) 

pcint k i s prefere 
 (Gcceot,s emoloyAe oU .c_' -

tun? but no p r-ic _-• 
pat_or_ i n self er:o, cye -
work) 

2-1-1 households wit: -
pcint li ' above              `'sue 
point d is prefered 
(earning of self-erIT l --=d 

           income onl7 
2-1-2 households with 
point n 1 below k-, 
point k i s crefered _ 
(e ^ rninz from emPtoyee   V •.r L Y. from V 

               on, 

2-2-1 househods w. 
point e above k----
k --- -s pr'eferea (earn= _ { 
from beir_s~ employee c;:-
rtun vy on :T) V 

                             VV 

2-2-2 households with 
point, e below k -
e is prefered (e?rni 
from both employee C;'_-
rtunity and self-em:-ed;

be-~ in 
ty

r'1 

 v v 

 cy

293.



Now, let us denote the coordinates of point d, m, m' and e with . 

regard to hours of work by :(d) , H(:m), H(m7) and H(e) respectively . 

The coordinates of both points k and d 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 wife's (non principal pctential earner's) total disposable 

time (composed of leisure and hour o" work if any). Hours of work 

for earning sel f-em ? cye^ income and that for earning from em"- cyan 

cppor:un=ty are denoted by +d ana x !z respecti vel;y . Tne coordinates 

of point a with respect to hours of work is zero. 

w 

     Making use of these notations, the conditions in Tab-1 is 

rewritten as shown in Tab;t2.

Tai 2         '
A

(1) 

(2)

Households 
HCd)<o 

Households 
H(d)>0

, . _:,h

:v-_~

(ii)

(1-2)

(2-i)

(2-2)

households 
H(m): 
households 
H(m)>h 

households 
` H (h)< 

households

Wit fl 

Wit Ll 

with 

1 

with

  r. 

  1=:, 

  (2.1. 
  with 

k. ' = n 

  (2.1. 
 with 

i 

   4 .l, 

  (2.2. 

w 

` ! =h , 

  (2.2. 
 with 
    - =h

, 
N2

U' 
 Xc =0 case 

 x=0 

?) households 

 x > 0 ~ 

2) households 

    =0 

1) households 
H(ekh 

2) households 
H(e)>h 

N ~~

~•y

:~

~-
~J

f 
,`~

/ _~ 
~f.~

2S4



•, 1.2.2 The Relation be ,wenn F() and H lam) -or he e_ o ds :V = - '1

 r(d). . 

        In order to const
ruct the synthetic model for type A households, 

           we shall first consider a group of households with H(d)<
0. 

        With regard o the determinants o : participation behavior 

  of this kind of household the PCs .,ion of point m i n relation to 

  the Position of point d in F-                                          -g2 _s fundamentally i:,!„G.r;-.,n4-

  LCv v.~e relation o 1~ (m) to H (d) " e 

L 

       1) H(m) = ~- . LR(d) ] 

  Where 

     2) H(d) < 0: 

    concrete analytical form of _s given in the subs
equent section 

      .•r _ a d) for t .~e households rNi-h

       =~>H(d) > 

     For the hcuseholds where H(d)>O holds the position of poi
nt 
  m' in - " is ;':~.poroar_;.. Let the relation between H mT) 

  and _.(d) be denote by 

      3) H(m') = f[H(d)] 

  where 

      ~~} H(d) ->o 

  An analytical form of f i s given the subsequent Section 

         TH ~ Re1 _tion betweeen H( d) and W() or the Households with

Let

 For this ?kind of household the position of e is 

the relation between H(e) and H(d) be 

                                               r-
                                            ,% v t

also important.

/ <,



       Jr ) H(e) --r ~ J [ _ (Q ) 

  Where 

      6) H(d)>h. 

  The analytical form o1 

  1.2.5 On the graphs of

    she 

     cur•re~ 

oe r^-e^      . J 4 a 

:oi t o_ 

holds, as 

i~ that p 

¶ ?j' 

jN e 

  ie cur, 

o e r ema~ 

occur wS 

Pattern 

Hence, 

r2th o;, 

      A r c 

: i zui e 1 

not appE 
Hence a1 

appear 1 

tv 
, I ar

thein

i

given
- is

f unct ior_s

 Subs eau r 

and ii 

.

T     e fc• -Vns 4 , and G assured. .   1 --=~; ~ to ce monosonic                                                          dep 

^Ur.res 
, end y' res ~ective? y in Fig 1TI-8 and 

. J J ~I    4 -.'r J C1yr,rv r ~:r r ~'..i                                11 -r g for • L~                                                              ~ rte..                                                               .g for 

~t of conjunction, ', because when 'ri(d) = 0, f~ mo(d)) 

Ls, as ca be seen i n Fig VI-3 and . Fig VI-8 d; f                                                        fro 

hat point X lies above point on the vertical a .cc± 

  point -lies be? oar poet in the later. 

a 

 curves We shall cegin by examining Fig3. The nu           ccrres:cnd to those c.S.. _r: the col1 1 of b 2          v. v. _ e 

remarked that the participation pattern denot                                            by 

ur when functions and b are o= the shape s 

tern 0 i s or self-emcloyed wives only, not                                                             es wh 

ever, accordin z to the o0serva =on, a pattern                                                       such 

cc, since the shapes of the curves shown in F 

  observation, they should be excluded. 

  Another possible shape o :,e curves i s sho F 

ur e can be seen that pattern Q exists . Al 
 appear in this figure patterns and are c 
cc all the participation patterns observed fo 

ear in Fi g;~9 . I n this sense the shapes of fu 

 f and in F i v,19 are consistent with observa

 en., section 

s are        icted. by 

DTI-?. It should 

` 

         have a 

r erS         m Fig '~I-0              -o i 

_s i n the ~'oI"~ler 

iberS       ttached to 

nG                .~~         . TV should 

wed          does not 

'JTiY nn i ?'~ ~~~ -^'i1 
                  J v 

.2`~           o are e^p
! cveG.. . 

v 

     aS O does exist. 

io~8 are not consistent 

wn in        izT9. In this 

inOUvh pattern C dotes 
i;:i to the same as. 
r type A 'rouse:~c a 

ncticns (curves) of 

do

i)



F

the case where the shapes o_` the curves are not 

consistent with observation 

                                   /((nr')_/Ul (d)) 
           ? / fl 

i 
  

• iJ ,4P2 

( 

     Hfrril= (H(d() _ / :_ O             jPI / 
I ~

        a 0 h 

' 
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the case where isle shapes of the 

consistent with observation 

      I!(') /1(d)) 

/

IJ&n)- p (I II d)1 ~.

/l 

,

/ 
/  I ),,/ 
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           Taking into account the results in section~l.2.5, it will 
       be seen that the pa„ :icication patterns 

~ co ,.n.. ~ cr_ J°C . r'OID w_'_ VI-3 a`1Q V1-~~ •..: 

       exclusive of each et:-ier. ^ _s is due to that we emcloved the cu'-:e 

       a.a and a3 are upward sloping monotonic curves . This specific 

      characteristics of the curves stems from the postulate that the 

    __Preference function is approximated by quadratic function. 
                     Contrary to the upward sloping monotonic curves

, the shape of curve 

                      as shown in Fig. 10 ®or 10~ might be conceivable . In Fig. 10 

               function f is not monotonic . In Fig. lO , function is not monotonic
. 

' 

                In these figures, it can be seen , Loth cases Land in Tab.'/ -2 (or L ,, e 

               cases shown in Fig . 7 -3 and 71 can coexist . 

                     nowwer, quadratic preference function does not yield such cas es as 

             shown in 10 ® or). 

   C7' 1. 2 . 6 Probabilities OI' ;eneratinC' var ious Da~'tioioation oatt
erns 

              in tvoe A cusehoids 

             : n tr_s sector l+he aevr.i -na'v r o1 the urobao~ l_ltl Gs of 

            `ring four pa„ .,eras o oar -c; paticn in t; pe A household w___ 

     be clarified when principal earner's (husband's) income
, I, wage 

     rate, w, and hours of work assigned by firms
, h, and earning rate 

     o_ Self-employed work , v, for non-principal potential earner ('vie                                                                 earner (wife 

      arC given. 

i 

          The first and second quadrants of Fig r depict th
e same curves 

        shown in ,y _ 19 . The dens_t r distribution curve o= H (d) -s de_:=_-

     _n the third and the forth quadrants . This distribution reflects 

     the differences in .s azni;,ides of preference parameters among 

     households where the common values of , w, v and.h are given rescue _ _ _.; e, J, 

          Taking into account the results summarIZed in Tab12
, It will 

     clearly be seen area S , under the distribution curve, gives the 

    probability that the wife (non-principal potential earner) is n either 

     an employee nor self-employed . This is the probability that 

    pattern O In Tab .J 2 occurs. Let us call S1, the Probability of non-
     par c i ^a t ion



i 
       area S2 .in Fig gives the probability that parti

cipation 

 pattern ® i n Tab .4-2 occurs. This is the probability that the wife 
 engages in self-em toyed work only without accepting emplo

yee 

 opportunity. Let us call this probability the probabilit
y of 

 self-employment par` _cip T er:,2 ion, u where 
                                                                                                                      .. 

                                        a ~r 

               number of self emDlo;; e 
      ua wives without accepting employee number of wives 

               Opportunity                                                     - / 

Area         _ Zl7:. participation patt
ern 

®orin Tab. 2 occurs. Here it should be noted ® and      ~ ~ are the 
same pattern. Let us call this probab=_ity the probability of -

accepting employee opportunity without self -employed work
, or in 

short probability of employee ,, 

where 

               number o f wives accepting 
lle emplO-iee opportuni t J without number of wives . 

               self-em loy ed work 

Arc- - S~ stands for the probability that participation pattern _n 

Tab'2 occurs. Let us call this probability the probability of 

double oart_cipaticn u 
                         2d' 

where 

              number of wives participating 

u        nri both self-employed ~,vOr1~and number of wiVes
employee opportunity
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     It will be needless to say that 

u 

        non-participation 
+        probability e cc . 

      Prior to dra;i_nz the curves in Ii the values of I
, w, h and 

v have to be given. That is , when these conditions shame the share 
                                                                                                                                                                                                                                                                      ..w y 

of all the curves change simultaneously and , in effect, the areas 

si (i=_.2.3.) or `a^ __ ude o_ and it ch me fence l-

forns of the a. 1. ~. .. , f, and the size distribution f t+7 ~y~ ctin of J have                                                                     'f E(d ) L l`.v_Ca 
to be known in order to describe the changes in participatio n 

probabilities corresponding to thchances e ; I!-? ~ . N , h and v. This will be 

discussed in the following sect en .

.,

6

   .1 Analytical Fcrrs of Funct ions ¢ , f, and 

      In this sect ion analytical fcr~:s o ~, f, andy' are deterrined 
                                                                                                                                                                                                          \. J 

making use of cuadrat is oreferenc e function . All the available 

infcrrat_cn including plausibility o= varia ti Onal Y~model Previous:-

obtained obtained i n the analysis of the meGe ± O _= first •r t                                                                                    aDDrC.~l.~~a'J _C„,. Gre 

taken into account i n the process of determ ining analytical =crms 

of those functions. 

t 2.q. Anal`! ical 

L- • 7. -l-l. In order to obtain ecncrete form of it is necessary 

to calculate the coordinates of point in Fig . 2 or 3. The equation 

of line' is given by 

        0_

/



          1) X=I+vh 

      where h and X stand for hours of work (for emplo
yee opportunity 

      and/or sell-employed work) and householdts income resp
ectively. 

     v stands for the earning rate of self -employed work . 

           The preference function w is given by 

           2)W _ /               = r x Z-h YZx. ~- r3 x/\ A z r A2 
     where 

              /\ =_T r_ . 

     Under the constraint of (1) , (2) is maximized with respect to h. 

     When the value of h mximizi w is negative that value of h stan~s 
      for Q in the ._cn This sL .a•.s from .., fact that ''                                                               om L l.... ' e 1 aCt ., t. ~ h 1Gt. 1.ne indifference DS. 

      VhoWai iC. VI-2 or 3 are the ass Ol households _. with VLc~..•1n 1                                                                G that 1rakes 

       tan_enc point, -d, on AB situate in ineffective range. 

           Hence, we obtain 

       3) H (d) r3 

     where 

          H(d) < 0 . 

          The value of H(d) varies among households with given I w E 

     v owing to the difference _n Y.o each household . Hence the s ize 
     distribution o 'i can be eas ily transformed to that ci z(a) by 

    using equation (3) . 

             The equation of indifference curve win Fig~2 and 3 can be 

    obtained as follows . By inserting the values of ordinates o f Do_n t 

    a in Fig.~~2 and 3, 

                          U t)
/7



        4) X=I 

       5) A = T, 

   into the left hand side of preference function (2), we obtain 

   the value of indicator w << at point a, 

2 

   I and T being given. Hence , t:e equation of indifference curve 

    ~a can be written as -

      7) a = -n- n ~ X + r3 \r /1, = r ~-

  where the Wa is given by (G). 

  2-1-3 Finally let us obtain the ordinate of point m in "'ig.' 2 

  and 3. 

        The equation of line ak _s given by 

        3) X = I + wh. 

  We can solve (8) together with (7) for h The solution _s the 

   coordinate of point m with respect to how's of work, H(m), that is , 

       9) H (m) = (- r. t Ys 1 

          It ~ **            will be seen that magnitude of H(m) varies among hcuCe_^_olds 

   considered owing to differences in y4 of each household. 

   .-1-1 Now, we are ready to get a concrete form of ' ~uncution 

  The parameter y4 , the magnitude c_ which i s supposed to vary among 

  households, is included both in equations (9) and (3). Hence , 

  by elimiant i ng common parameter y 4 both i n (9) and (3) we obtain 

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

       ( = ~yy. 2r U-Ts) H (d+ Zo H (m) y
1J??, vi r ) z (V'-~,v) (r, Try ; T)



i

 ;There H(a) L 0. 

      This is the 

   2 Analytical 

      Function f 
     lij 

 FignL and 5. 

      Coordinate 

     ;) H(u) _ 

 However, 

 be noted                   co 

      3,) > 

That is, 

which gen            crates 

of a valu 

.z.7.2-1 We 

     The            coordin 

     11) 

     12) 

where H (d      (d 

   have 

    13)

 function ¶ when the preference function i 

Form of function f 

7 stands for a relation between point mT and d 

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

with retard to the case shorn i r F ig .. L and 5, .t 

that         ntrary to the Dr2V_O115 Case, 

0 H(d) 

the TaC'~':i tudeS Of parameter of preference fur.CtiO 

        the indifference curve as shcW-nl^ and 5 

e which makes the right hand side of equation (3) 

 shall obtain the equation of (Lid in Fi g?4 and 5. 

       ates of point d are liven by 

} i s given by (3). Inserting (li) and (12) in to 

wd = ~ Ti C1 tVH(c~j~+ r 1TTtirH(~')] ; t 

H 

           305.

_s quadratic. 

   in 

should 

rl Y 4 

  must be 

 positive. 

(2) 

()J

lG



 Given I and v, the value o= c n (13) is specific to each hous
ehold 

   with spec- i c value of, ,(4 _ 

         The eouation_ of contour w d in Fig . 4 and 5 is given by 

                                 ~ i         14) W d = _ rl X` ty- f2X Y3 X̀1 i Yi n y r~ ~Z 

   '.lnere w d i s given by (13) . 

          ! Ile eauatlon of se rent aK or that of extentlon of the segnent 1s given 
  c y 

              J-)               x= 1 h T-/\h. 

   -ence, we can obtain the ordinate of point m'. by solving (14) and (15) 

   simultaneously with respect to h . By denoting this solution H(rn' ) 

   we have 

        15) :. T) = ( ' 1 Ar- r3 

                x r1 12+ (r_ fir; T) I + rs j t _~ r'sT ( ~'1 C I }err t)l_ 

, 

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

         $y e ,_ arii~- ~ -__i nc _ ^ and 5, the a1g=brad calf y larger rpot among 

  the two given by (15) is adopted as the value of r(m') . 
 1 ? -? inai l~= TN e shall deduce function f . 

   By eliminating the common parameter y 4 included in bO t h (15) 

     ~--- 1-) and (3) , we have . 

                       3OF - -



       17) H (m ') K- ~I 
                       Ti W z 2 ±r3 l 

    and, 

         X (w- v

D                            1+fi~t3'3T) 2 z (r 

s 

          + (~ r V- z rs) Cz 1 3 - i , (w"- U )J ( f ) Z 

   where hd- is the abbreviationn of H(d) given by (3) . Equation (17) 

    i s the function f _ when the Dref erence function ' 1s cuadra V`-c .                                                              V - V 1 ' 

     .3 Analytical For-: of function 

         Functions stands for the relation between poi and e in 

                                                                                          

~-~ ~ L Q G a 

   Fig , G and 7. 
I ,.7 

    .3-1 Firstly the coordinate of H(d) is given by 

   as previously shown in 6"1_..:1-1 However , 

       (3-') h(d) > h 

   must be held here, in order that point d lies below p in Fig .6 and 7. 

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

   Taking into account that the coordinates of point k is given by . 

       (17) X = T + wh -

   and 0 

       (18) /\= T - h, 

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

       (19) X I+ (w-v)h+vh, 

   where h stands for the coordinate of hours of work 
on the lire fD. 

                               DU



                Under the constr= nt of Cl.;, we shall obtain the value 

         of h maximizing in (2). This value o= h is H(e) . Hence we ha 

     6.127.3-3 We are ready to get analytical form of\V; 

        That is, by elimination of Y+ inc~ude in both (3) and (20) the 

        relation between E(d) and H(e). 

          where 

             H(d) > h, ' 'r. 

         is obtained. This is function'when the preference function is 

         cuadr a%ic . 

                       308
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0.1 c C 4 t. .CC    juDOl'r ( CDarriciDac±C )

In this section the calculation

    3 .l The coordinates of points 4, and °~-

          It can be seen that function f contains 

    rf , r. , r3 and S_, and erogenous variables, 

    that is, f is rewritten as 

        2 3) H(it)=f[H(d), r1, rz, 3 , rs~ v, w 

   where H(d)>a. _ 

          I n the sane fashion function f can be 

        ~~ _ ! c ) -L1 £kCCL), Jf )3, y~ lIT 
   where H(d) ) h. 

         Applying H(~~)=h to the left hard sid 

         2) h=f[H(d), r1 , r1, r3 , r~ l v, w, h, 

    This equation can be solved for H(d). Let u 

   H(d) by H(d)~, Hence 

           25) H(d).., =_-l [r,, , r ~, r3 , r~ / v, w, h 

    where f stand for the inverse function of f 

    the coordinate of point q i on H(d) axi in F 

          Ncw we shall obtain the coornate of p 

   Replacing 'd(e) on the lef t '!and side of equal 

         (27) h= ~' [H(d) , r1, r~ , rs j v, w, h] . 

        cr solve _ (?`) with respect t„ u(d)                                                                    o ,.., and 

    H(d)~~ . Hence we have 

         (2$) H(=)~~ = U[r1 , r, , rr/ v, w, h] 

    where „ the inverse function of 4'. Lqua 

   O' roi.t q. ir. V111. 

          I t can be seen that H.(d).;~ is invariant 

    income level, I, because any ZLr"does not c 

This stems from the characteristics of quadr 

                 309

o r 1,1 

__a B

^_) or'Jbabi l i ti . 

 ti and ,u. - is discussed.  ' 
- /d_ 

^_t=ins preference parameters, 

ables, v, w, h and I, respectively ; 

  v, w, h, I] 

an be rewritten as 

  1v, LL ; w 

C S1O° O_° eauat=0r; (20), :c- rave 

w, h, I]. 

 Let us denote the solutcn for 

r, w, h, I], 

~n of f. K(d)2, given by (2~) is 

S in Fi g,i 

:e of point g4'in Fig 10. 

 ecuat_on (2L) by .we have 

h]. 

 and bt us denote the soluticr, by 

h] 

  Equation (2~) gi`:es the coordinate 

ariant with the rrirnc t: _? e_':'r.e='' 

 not contain I as an argtn:en t . 

 quadratic function c.).

a

s

c



/ c 1, 3 2 

        Finally :+7e shall discuss the de
nsity distributcn functi

on 
     :-(d). H (d) has been given p 7 ( 

       (3) i-'(d) = - ?',T) - .T 

                  ,. u O _ '(s varies among households COnsidered 
  'iith res vec t t o _ hCuse.^ _O i C _ -"e value of , , is Zv e by 

            is a constant which is C uoP o all the houSeho i CS 
  Con_S_dered and u

_ -S - ranCOT_ Tar---: e ai sty`^ i u' _ _                                                                            ~ _or_ c_ ;•r~_c~ -
                      h :lean u_) , and variance p.2 where 

          _(L _) - _~ 

      being constant . the Let dens ity distributio
n of u be 

     (3) I Cu, 
a 
 'w(ì--Zee :.L:Z---~ - -:. Ct:._=te^.. i:f considering (2)

, (3) can be reduc . to 

      =(d) = -Q L ) : -`% (i + T )-`'' - T 

a CC T- g this ecua „_on with res ec o u
, we have 

    (31) u = 

or _n short , 

      l3 u = u( (d) , y, y2, y, Y~+, Ys J ,' ) 

From (3( ) 1e have 

:'~'om (3 ?) 
, (.~ e) and (3), ~;ire have



        C3f (~;• w = [r(H(),rs,2,, d~V. T. J~ dH(a) ~' UI 

J 

    This i sthe function r~•'i C!'± ; s'crS the G _S%_„1DL:=CT'i ~ r                       _. Sn -,yr`un _ ,,, _. ~=i"1C : _Ori 

   of u, 1(u), to that of .1(Q) , Y1(a)t: The r _gh,t hand side o_ e^.uG i n.. 

   (3L) (exce^: _or- d (d))i s the dens- distribution function or 
                                                                                                                                                                                                                             .. 

   E(d) depicted in FigI- , 

         For she sake o= brevity, let us . denote . distribution function , 

            hand side of (3k) . (exoe: fcrd(d)) by -

                       _ -

   It can be seen from (3f) that the distribut±on of H(d) is invariant 

   with res~ec : to changes in w. 

/ ^ .~ 

        Ry L'S _̂o (3`W) , ld sho' by area S in Fig VI-11j5 given by 

   the definite integration of l, i, e. 

      (3 I 

                                 

I 

where H(d)C, i S given by (2). - _f/ 

                                                              V! 
In the same manner /L shown by area S 3 1 P =g \ i s given y- 1 

, r 

  where H(d)q is given by (2).                                            ~~ -

        The value o= ed shown by area SAC i n h'i o '1 i s given by 

                          c~ -

         /e = r, rI :) 

                                                                                                                              -' i 

                                 3.1.1.



     rJ i : CG__ v` Seer'_:C.., i 1 (31) aria () at The 7a es o' 
       three kinds of rcbabili-i of Partcipa:jon , /(L, /Z 

       aro res~ec~_-re1~ deberm_::ed by the values C; ~ ( __; 

        v, ;r, and 1. _C should be nctea that the magn itude of :I ^ te=e 

 the probabilities via limits of integration
, E(d)c1 and _ , 

J 

       because these are _f*n - w ^espec:ively . 

           me o inn ' 1 abr =domed formulation , (3k), (37) and (.3g) can 

            (3) be rewritten as                                      •Qt..l \.a = ..,,1 d 

                            = T) 

          () 'ed = :.Led( [
LLcv/v L). 

       Lrt.--='-C use o= these relat ion we can proceed.to ._Obtai" `^e estimates                                                                                 -1 vll 

.C,. - arame:.ers,~ ~. and , of secondary order precision . 

  _~ - - ~ cce e _s shown -n the follo in'z section . 

                                  1tC - '-on                                        s cT ±.s;_ .`yes 

    Let us denote the values o 
.._ ..n = pre_ece parameters obtained 

   Previously _n < i >by '(~,i and '(i=1, ...... ,5). These values can 
                             the first approximation for th

e be considered to be t...,1` values 
     of preference Parameters '} and a • For, the model used t

o 
       estimate ta'lOSe LG_'.'me :. .                                             -e_r+s was 

'..a_C first . 

                  Tv-v.L~:i1G.l._'O~ ± T! tG y.^r.Ce t_ t1 
                                                                              account 

      Vi.c wife's narn _,•'•'-r by arti"7 r;vJna C-.PC?^i.T s i l

.~_ earning by Self-employed wo
rk and that, by aCcePting em

ployee 
    Opportunity , 

            By insert: the observed 
values .'Or TN V , and Io         respec

tively ;0get~%'lan ,N . ~_h r .r~i1t : •J , r' i' and ~ .                            , and c , into 39), 40 ar s        .•we ^air.v :.."leCret, _C.a ~ (Or CSt1 .i?1cteQ) ijG_^iues r ~ } -.C ~) J                                                                L or
jLl , ,~(a and                                                                          , that is, 

                 Gl 3 - i 

                                         1 . (L. C-':1 J - - 1



                                                         LI 

I wnere~(:), e( f) and p (1) are first approximation values . 

                d ~ e 2  (b) (L r'~~ l 
be an objective- function properly defined

, where t stands for~r~w •r`--p_-

 L,it_ai values for _preference parameters, Lx-•(1) -t                     ,~ ~. j and are allowed to vary 
so as to minlmlZe Q 

     .Hence, we have to choosee prooer functional form for the objective 
function 5 . In relation to should be noted that ecuations 

  ') thj ough L () are rerelations that o 

0 

                      " exact T ~' that do not includ ,e any shocks, or 

disturbances in ref=tioP _S , in them. In contrast to those relations , ordinal 

consumption. functions, for example , inciuce shocks which, 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 

S b
etween observai values and theoretical (estimated) values for cons umption 

are allowed. However, present mode-for probability
, or i.                                                                                                                                                                                                                                                                                                                                                                                                          --

                 % ;/ € i 
4 system or ecuations;-,) through ~ :) , has been deduced by deft nit inter ati on 

of distribution function of H(dX), and the distribution function reflects 

the distribution function of preference- parameters . And upper and lower -

limits of the def ir_it integration are not random variables . Therefore, also 

the values for definit intecgras s are not random variables . Hence, as far 

as present model is concerned there is no room for allowing shocks for he 

equation system, : 41 )' through 4) . i\ 

     Contrary to probability functions 4f) through 4w) , each household's 

              31~ -

     Now, let us denote the observed values f
or participation prooabis 

   j Principal earner's income class byt/ ,j, and) 
     Let the differences between observed val ues and first approximation 

values be 

        ~- d _ d 2 ? e d



                     C-
 supply function with respeVt to wives' optimal hours of work for emo?oy_ 

 ment opportunities or an aggregation of there do include shocks reflecti 
ng 
                            L--

 differences in preference parameters among households
, as consumption 

 functions do. 

      However, as explaned above, the probability equations are conceived 

                                                                                                                                     

/ P 

 of exact relations, and the differences between theoretical values, ,Ul~' 
                                                         /~                               e: Qd 

 and/ , and observal s / ~ ,u.0 and/ ~ , respectively, are considered to 
 reflect sampling or observational errors (disturbances in variabl es) 

 ca?sed from . limited size of samples . . 

      Hence, denoting sapling or observational errors by additive r~^d c;i 

 variable , !,~ e and we have 

     4~~) /L _ 
/u e (t i ~, r, ti'-, ~t, II) t ~e 

        / [ / L) / 
which constitute an error model , not a shock model. 

     t'ul tiply n o n the both han^_s of equations 45) through 47) , respectively, 

we have 

e       -4) ') ~L 
2L0= it s r,; f , c-, i 'Yi %- e 

     )) v r) 

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 2y('t?2 ' , w,)~ £ 

       c3) = 2 2~C , v`, w ..T) 
where

~~ i i



     Li , E2 and f are , respectively, differences between observed and 

theoretical values, and they have a joint binomial distribution . As n is 

large enough, the joint distribution can be fully approximated by normal 

distribution, 
                                                     2 Z ? 1 

       c) ,V ( D, o, D , , Gi2, c.i, ~.~ , 6d. z~ , 6z.ed / 

where, o~ , 6~ , ~e , deb stand for, respectively, means and standard 
                                                        ~ 2 s deviations with respect to `~ , and ,and O•d, 6d ~d and O d stand for 

their covariances.. -

     From 45), 45) and 47), we have 

i hence, Ll~ , (J and C,I,~ have joint probability distribution 

as approximation. 

     Now, under the constraint that L f , and Gz have joint distribution 

55), we shall obtain maximum likelihood estimates of W}and C . °ecause 

v , w and I i ie 1•_ n 48) and 49), are fixed in ,.peat0 ,.d samples, ecuaeonsi

having fixed variate on the right hand sides of the equations , although f _ . 

they constitute an error model. A 
                                                                                                                eh1 L(' 

0 
     Let %, , ? and ilcd be, respectively, numbers of persons of , 

        r-

employed, self-employed and of those who participate both opportunities 

among n persons. Taking into that those variates have binomial 

distributions, we have 

    506-1) E (t) 

50-2) 

    56-3) r 2~) ?,L!` 
    57-1) U:tr () .. ?(/Q(/)                                - 

57-2) v'f r C) _ .
/L~~ ( / " j 

    57-3) JY( )1.,L) 

               315



     574) C v- (if 1 2L) _ 12/G'a ,1 d 

      57-5) ~o~l-(n~1^/tod) 
     57-6) GO'(' 7L ad) - /`/U /(P~ J 

 where var and coy, respectively
, stand for variance and Covariance of the 

 variates in the parentheses . - -

      Parameters ~~,;. and O are estimated so as to minimi ze -

   ~~ b = U z U" , 
 where 

    59) L1 E U~ U~ u - ... Lip ~~ L 
                      ;.a 

 m stand
1 ~ ~ ' for ru-cer o: p"_nc_•ra l earner's e              ~ income classes, and / J J~ .^_r^i'.':CS 

 for variance-Covar face matrix with respect to 
and 

r 

                                             Population variance and 

covairance are estimated by sampl
e variance and 

covariance, - -

      Estimation procedure is summarized belo:r . 

      Firstly, participation probabilities
,rl ,(L and ,1' are computed, 

making use o f              cY and , by equations 4 ~) through 47). Secondly, by using.: 
/ computed participation probabilities , we have if in 59). Inserting 

those values into 58) , together with , we have , the value of S 

corresponding to LWe compute and C , respective? -r, using j and G ' 
so as to reduce the magnitude of . That is; let the shifts in d`fand 6 
be doneted by ,~. (i=2, ",5) . and ~6 respectively. It will be needless to 

          t) _ 
say that r, .-t and 4o . It can be seen from 42) through ~.4) that -

revised values for participation probabilities
, after assigning the shifts 

for the parameters, G!l, t(~s) and u d~, are givenn by 
                         J 0 

   6l)() =((" /!+ 1 v, '; ) 
                                    O-, v 1) 

                3L6



~/2)    can be computed, by employing 60) through 62) , from 

and 

are revised estimates for the preference parameters . 

             31?
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  ADDENDUM for the Comoutat_on

In

.2. 1 ] 

1.1)

let H(m 

of poin

Co 

anthis

where

arid riots 

- •l) car

t.Among

plaus 

 We 

2

as

where

Calculation of abscissa for

?rocedure 

 q1• in Fig.
11l

(6 L) In equation 

        H(m')=frH(d)J - _ 

           and the equation can be solved for f-1( 

point q1. _ 

  Concrete form of function f has been given by                                              in 

s s and H (,rn )=', , we have ---= - - - - -_ . 

FTC 

1 

                 r; ~-? z rj v-~ rs>C~ r -

 notation h is used in place of H(d) for the s                                                             of 

  can be solved for ham, that is, .1) can be rep 

   2) (277+               ~rXn~2 Z~ U"? Z~jr; 

rig two roots of equation -2), - we adopt the roo 

        0 <hf< h 

plausible solution. 

  We rewrite 2) as :... 

  2) A Ckx>-ZA* 1t ' - " 

re 

2 

             318

d). The solution is she abscissa 

 17}          (0 ,1.2.7.2) . From 

I } ~s + ~ TZY,'1=Zr v-f~s)~~ 

ake         abbreviation. - -

mitten as 

  h~ satisfying _ - -_ -.._ - -' t 

=~- r Tfi~~r r~~)1



       We have 

     4) ti 

          into   Taking 

(6.2.i.2)

solution h' 

  t1-r h. - ,d

     account the 

5 } 

Calculation of a~

as

requirement 0< hh'< h

 

I ft z_ B     A
* 

we have

Z 

abscissa r

2tW`+Yc)k 2(w -T.                ~. r3T~1

or a~ in Fig.

ZrjV"~~s 

VI-ll

          In equation 

     we put left hand side equal to h , that is, 

     By solving this equation for H(d) , we have abscissa for point 'a,. 

          Concrete form of i s given by 22) in o*i;Zr_ 3 

              H(e)i(d)- x & 

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

            5) H ( d) p ;(- y)'~. 1 r ( .r. V'-Y' )( 
                          ^r2 zr~i T rs . '` ~ - ~ r? Z ~j rt rs 

     where _. H(d).4 stands for abscissa of point q, 

`(6 .2. 1.3) C
alculat'_on of abscissa of Point am Fig. -ll

J

In the

H(d)=

Hence,

H(d~~~=

equation 3)

1T) !~

we se  4 =J. Hence 

 7) H(d,~~~= 

H (d stands

we 

r~

have 

i-(r1`-r)I -

wnere for

 }~i 1r~- ~ r' Lr f rt 

the value of H(d) for household

1 

'N1 lh
largest value
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[o

of 

the 

.2.

H(d) among the households 

 abscissa of point a in 

2]     S
ome other constraints

considered. Accordingly
, 

Fig. 

for the Parameters to be

H (dn,, rePres'?nts 

Estimated

     From the generalized labor supply model for type A hou sehold, in which 

self-employed opportunities are taken into account as well as employment 

opportunities, we can derive some additional theoretical rest rictions for 

the parameters to be estimated . They are in order: 

(1) The derivative of function be positive

This 

  I) 

Hence 

 Z')

constraint can be 

 z(~; J=ZY V

Stated

 

' r

 by using_ -_0) . 

?-r Ys) p 

st be held :(2) -                                      mu 

      This restriction mea .^.s that point in gig. V-11 , must lie 

between 0 azd h. By applying 

           H(d)=0 -

to equation -10) i n we have _. 

J which stands for the ordinatef of point C( on curve c/ rj(, or function `P. 

J 

     While, by applying H(d)=0 , or h'~=0, to equation 2-17) in § VI-1.2 .2, 

we have, 

-where, 

                 320
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Hence we have

z

rust

aSl:2J1 4

CiConstrain

liemust,



        Hence, we have 

 which stands for the ordinate of c~~ on curve ol~ 
                                                        or function f . 

       Comparing 2)-_ and 3) each other, curve o~cC and cl~ in Fig. VI-8, 9 
 and 10, respectively, join each other at point c' 

      From 2) and 3), the constraint 

         0 < v H(d)=0J = fIH(d)=0J <h 
 can be written' as - -

             2(v- )( I-~r:fir1T)      4) 0 < K ~
.                      :/ - < / ;.t%- t i-

-

      From t first. and second terns in this inequalities
, we have 

      s) o -2(w-- r)( i I f r? YET) 

 We have had restriction - _ 

               .w >v , - - - . restriction c2J-0 
 hence, we have 

         5.1) 

On the other hand, from s'cond and third terms in inequ alities 

      4), we have 

-2 (t7 ,r)./7% -~ 1;. -~ r %) -
           r 2y/-,.-

or, 

                  ;,T 

~T ~~ rj 1 ) } n. 

-

     Hence, according to positive or negative for the denorninate r in left 

hand side of the last inequality , if 

we have constraint, 

5.2) -)(hr 

and if, 

    b) rT.-2/ GT'L)S <7 
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we have constraint, 

      The discussion below equation 5.1) can be alternatively restated as 

follows: firstly, in equation 5.1), we have 

       6.1) ' r - - - ' restriction r27-1 
     ,; s2 became left hard side of the inequality stands for the marginal utility of 

household income when its non-principal potential earner does not work at 

all. Hence, from 5.1) we have 

       •6.2) i IN 2_ z r G f - - - - restriction L2J-2.  Taking into accor-~t these, we 1co into inequality 
in 4). This can be retN-ritten as 

r 

             ;J-- r)( r, r -~ i:;f /7i) k 

                    1? 2 

     By considering 5.2), we can see left hand side of this inequality 

is negative. Hence, we have       3 ~ 

                                                         - . . restriction r2j-3 

     And from -6.2) z.„d 1), we have 

2 

                'J - z; v h- <o - - . . restriction ri 1 

This constraint is an alternative to restriction j1J. 

(3) Constraint that inequality y 0 H(d) h must .,e held.

  The abscissa of 

       H(db
~= 

order that the 

       O~H(d 

 be held, we ha 

   7) -()"< -

point q1 is given by equation 5) in (.2.1.1); that is

terms 

)v < h JI 

ve to 
  -C.

\1

in

~(~~'-Zt~rrrs)

In

can

in the root is positive and that 

have

t 1 T)j
r r--z~,,f f r~

Constraint  LJ J



      Now, from the requirement •6.2) and 1 ) 
              it                           2 

, 

 should have been satisfied. Hence, -from 7) we have 

     7') -(k)`C~rV z~ V-~ n-)> - ~.{(~;w? ,: r T)J~o 

                              1~ 
 which is an alternative presentation for the requirement that in

equality 

0<M(d)o< h be held. 

 (4) Constraint that h < H (d)°, < a must be held 

      From Fig. VI-ll, it can be_-seen that point q, must lie between points . 

h and a on the horizontal axis. -

      The abscessa o_ coin t c, , H(d l: . , is given by equation ( 6) in 

(6.2. 1 . 2 , that is, 

     Hence, in order that the part of the constraint , h H(d ~4 be satisfied                                   )- , 

                             -. _ _ _ cons l.ra_:h v f n-q 
                       ~, ~r -zr'rc 

must be held. 

     The abscissa of point a in Fig. V-ll can be written 

           ~.nX (LT). 

which is shown in 7) in (6 .2.1..3). Hence the part of constraint H(d)o < _ . 

S 

              that can be ~1rit tee.. 

- ! ,r-/)(h v- 7) ?-T- (r, V- '.) ; - ~ _ 1'~ 

            

' ~~ -

                                                            constraint L4-2 

     From 8) it can be seen that 

     8') (hV-rf)~1r- ~)L w-Ap r2 vrr - ~~'~ O ,               r -zi~jTrr 

                                                - constraint 343-i



must be held. From 6 .2), at. the sar e time, 

            Y U ?- 21 it i < 0 

must be held, so that, it can be seen , alternative presentation of what 

is required by 8') is that -

       10) ?~- - ~(' ' < D _ . _ constraint [47-2 

     Requirement 10) can be fuld filed whenever > 0 holds . Hence, 
                             I 2~ 

constraints [41-1 and 2 is need in order that 
              _ '1 

1 

holds.

u'4



  [6.3] Improving exactness of estimated parameters by using emoloyee-
        sel f employed model 

                              ; 
J 

 (6.3.1) Search for refined estimates 

     This is the preliminary section for obtaining refined estimates of the 

preference parameters. To improve the precision of estimated parameters, 

we employ the synthetic model descr ibed ; the previous Sec Ofl. 

       In the s nc::et_c model = new '.trod o exo~enoC:s var=`b1- if S "" cr 

the earning rate (or marginal productivity) of  ~.e self Ei''G I Qyed workers 'rla5 

 introduced. However, ~.~ cannot be directly observed because the Family 

Income and Expenditure Survey in Japan does not survey hours of work. 

Hence, we are ccmee?led to estimate v as a parameter, the value of which 

 is assumed to vary from year to year.: 

     a) PostuIa2 for estimating plausible values of 

---° _Ol! 04V=?r= e--= ° 'vV.%.t CJ::S ~=~UUeS 2. ~~ aUS1Gle value ±orV. 

     (1) If we have 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 rate ud and ued (rate of 

participation both for employ~~ and self-employed) as well as the employe' 

^ participation rate un, which should reasonably fit the observables 

c and u¢. 

     (Z) In order to compute theoretical values 'd, ue and ''red we, before 

hand, have to have numerical values for principal earner's incomes Ii of the 

group of households, with vi and V both assumed to be common to all grcuos . 

of households. Ii and ,i are directly observable but v is not1as mentioned 

above. Hence, owing to (1), i f we try a tentative value for .y and i f the 

value is a fairly good approximation to the true value of ,,, the computed 

                                                                 () 
,5 

0

/

. ,



theoretical values ~d , 'r
ed and ~u2 will r.: asonab i y fit the observed values. 

     In addition to the above assumptions, the following restrictions must 

be satisfied by ~, together with obser•,ed values for I . and-r. 

 i The sicce oi' the C',.re standr r for iur,Ction shcuid be positive . 

     Z (rtaz-?r;a-rs}/(rtw`-?r.~-rsl~0 

   C<)(H(d).G -;(HCd)=G')< h. 

                         ( ee' have 'vats order to attain Cors_s.liercv bet .Ve1er 

                       the obse vatic:. and the mode!.) 

i J 
Z 

       fit= -'~`~ 
                                         rtuj-~riv -r

s 

                       r • ~~ - 7 fI J - r1 

            rs1 tr,:-r,J(-J(r,.-r,T) 
       a= 

                    r ~~-

                   (These res cri cticrls stem t rcQ ~HCc 

                  5. 7. 

Ccrd_:ion i y_e i ds J _                                ~ rt ~` Z r , ~ rsi (rt ~' - ^ rI rue r) ~ ~ 

Cc djtjcn 2 reivri:teen as 

                                                                 r1                                                                              () () 
                                           t~ ti ~~



'r

m 

                                       (zo-v) C rs I -rz I-

                                                                      1 e th
e _ ~ri a~V L1L'r be . ^vs1 .. 

                                    arid 0 -

                                                                                  ISZ C1 
                                                                    s c rI ~ 

                     5 ca be re - 
-

                                                                                              'si 

               (D) Se3rc . for plausible Yc1UeS o'                                                   r v . is cpmoute the theor a            values of etic ,.l                    Parzicjpati on rates , we firs need numeri cal values for t           prefe rence parameter e 

         Values of Y
ti androotained In t5 previo us section 

f 

                                    Y. J.0797, 

                                       -2 and c=0
.3o^S4, were 

                                                        
- used. 

        Those values are 
of first appro

ximatiors because th
ey obtained use of th

e employment ~ are ra;ci na 

    ooport::n i ty mod_i mere nonori nci oa? earner ss (wife) i ncufrom Self-employed 
WOrf We5 )Qnornd 

           Secondly 

                        , We (jnnd OOS2ryo                                    d value for r
1 ' We used three levels I 

              ~ riGj!Y ~ '+ ~ai       i~i---~c observed ci 'se _:or „;_ 
       is estimated as n=0.3501 o ~ ~e have 'Nn=?5.8 ;cr 1962. wne~-o h 

                   

- for 164, and r!enCe?3
. 

     • I
nserting the value

s above, toeethe- ~ _                                                  wi 
~-'~ tentative valu

es for v , into       restrictions 1 through                             5
, we checked to see th

ese restrictions are 
satisfied .       Tentative values of v 

ranged from 1 tc 90 
so as to Include L 

                                                                  she observed       value fort
, g5•1S. -



(-) 

(e) 

(T ) 

(...J

       The intervals or the tentative .                                         values f
or V are 5. t t was found that th

e 
 values of v satlsf Ping the restricti

ons were ~Q              _ ~ and 45 as shown i n `"ab .'II- i , (' ) 

       Next we refined the process of the 
search, that is; (1) various sets 

of 
 values for 'y' and Q" are tent ati vel1 adopted                                                      (numerical value ., of which were 

 tentatively given in the vicinities of th
e values cited on the previous pa

ge) 
 (2) the values of 

i are adopted from the complete 1, ,                                                   .. o range of classes or' 

principal earners' incomes in 19c4 (i) t .le •n ;nte.rral, s of the tentative valu
es 

for ~T were narrowed down to 1 
, and (4) the range of tentative values o r V 

was also narrowed down to 35 trou gh 50 instead or 1 trough 90 . 

       ~'ne results sat _sty_- t: e concit=ons are ' T-sncwn in 

stand for ineil's U with respect to th
e fit of theoretical values to the 

observed ones , and O stands for the value of the objective functi
on (~) which, 

we expect, is to be minimized for th
e best set of parameters . 

      It can be shotrn : rom t ,e ..:able that the values or V satisfy
g ng the 

restrictions and with smaller m are ~5 
and 46. 

        The sets o1 parameters , t•. :cget"-cr                                             with V$ wriCa were f -, ~-                                                                      our_d to satisfy 

restrictions 1 through 7 are sum marized in the table below . 

         100 150 200 

    ^(s 0 10 20 30 

     'r 600 7000 8000 9000 . 

           -'-'00 -1400 -2400 -3400 

     ~" 0.188 0 .227 0.268 ( ) " 

     V 45 li5 () 

Checking whether restrictions were fulfilled .. or not was carried out using values 
of 1 mentioned in the text . TTalues of and A used for the cnecl were as _ollows. 

          .'\ :nax=1.0 , A:yin=Q, 25 
         h min=0.25, h Sax=Q 50 

;de use oo 'eetive junction , 
1e:1Ce we are minimizing ' L ' _ ( .'~ : 'fl 

where n stands for the numoer of households
. 

=or computation, the value of n was assumed to be 1/
3 

The values for are computed using given values of 6(%, £. i and'y. 

. 
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  Figures of parameters under which bars are attached give relatively 

  small values for m (the smaller ~, the more favorable) . 

s 

      With regard to y, y4 and y , the values 0, 9000 and -3400 respectively 

  are terminal values of the ranges . for the parameters .Among: those .-ranges , 

  tentative values of parameters were given to compute theoretical values 

 for u
e, ued and d• 

      By employing those ~heoreticai values and corresponding observed 

 val ues , ..numeri cal values for objective function were compu ted . 

 Examining values for: 4 i t ~.ias found;h wi th respect •y and YS terminal 

 values 9000 and -3400, respectively, yielded relatively se al ler values o` 

      Hence, we extended the range of trial values of the parameters y and y 
. 
 The range for Y3 was not extended because the analyses in the previous 

 sections show that positive values for y3gi ve relatively favorable results . 

 Thus we extended as shown below ranges for the values of y and y tentatively 

 given to compute (new) theoretical values forr ue, ued and ud. 

        YZ 150 

        Y3 0 10 20 

        Y~+ 9000 10000 11000 12000 

         Y; -3400 -4400 -5400 -6400 

The tentative glue for h is fixed at 1/3. The computations were 

conducted for the year 19614 . 

   A;.iong the sets of para:"eters tried. (see Tab. VI-3) the fold.-.::. 

 sets were adopted.
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          Among the sets of parameters, those with relatively small values for 

      are listed in Tab.-~. 

          I 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, Q. through Q .(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. -

y 

                           ,We can see that plausible values for/ appear 

    to be 45 and 46 for 1964, 41, 42 and 43 for 1963, 39 and 40 for 1962, and, 

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

    appear most frequently among groups of the parameters (ii, a) 1 through 5 for 

     each year. 

         Fig. `j-; (D)i nd i ca tes that the sums of ue , wed, and ud are underestimated. 

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

     utility curve of income yz and to reduce that of leisure Yr+ . Before 

     doing so, a preliminary test was conducted to, .ai ng use o data for 1964, 
 exa_^ire if restr_cti:r_s 1 --` '~ ~throuch !7 were violated by slight shifts in parameters Y4 , Ysand Y~ . The 

     results were; 

    (a) Shifting from 150 to 195 (intervals are 5) does not violate the 

     restrictions and 

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

     restrictions 

    (c) Slii =tiny y frr 0 to 10 (intervals are 2) does not violate 

J 

     tr e restrictions. • c.b) 

        By taking advantage of results (a) and (j, we set the trial level of 

     parameters as follows, where intervals between testing levels are narrowed 

                           ~)
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  down in comparison to previous ones. -

     Y2 150 155 160 165 170 175 

      Y3 0 2 4 6 8 10 

     Y4 12000 11400 11800 11700 11600 11500 

       Ys -6400' -6500 -6600 -6700 

      a 0.188 0.193 0.198 

       ay c iaki ng cer:ro i nati ons of numerical values of the parameters 1 i s ted 

  i n the table; we obtained parameter sets. For each of these sets, we 

  computed theoretical values for 7,e ed d and u among those .results, 

  sets o f parameters with favorable , j'J and v,P_ were selected as shown 

  in &11o j -

                 

t ?_i3 .646 297.3 310.3 356.1 150 6 12000 -6100 .133 

                  2 .571 .63 207.9 218.9 125.3 !50 2 12000 - 6700 . 188 

                 3 .913 .912 1153 14L0 15.0 155 0 12000 -6700 .188 

                   / .137 .792 119.9 .. I21.0 15.4 160 0 11900 -6400 .198 

                 5 .197 .360 1133 1321 12.9 165 0 12000 = 6400 . 198 

               

1 45 42 39 36 

               2 45 42 29 :5 

               3 {5 13 40 37 

                445 +3 40 37 

                 5 45 43 40 2S-~ 

      1=<) Sw; ;~xzs i a.i . , n2c.ti e ty i ~ldiC4~ 2 ;:.. V .IU.eS 

                    Y'or1 ~a~ici~aiiGh Q-r- o i ti' Ties ~.t'° 2tG;[tgZ~i 

                                         e --      The estimated values for 
, ued and id are depicted in Fig.:i,~ . 

0 

      I t can be seen that the fitting for f is, to some extent, improved 

  but considerable systematic discrepancies beleen theoretical and ocserved 

  values for ud remained. Hence, in order to reduce these discrepancies , 

  the Hewtan method was used to estimate a betters f values of preference 

  parameters making use of the values shown in Tab.( ) as initial values 

  for the computation.. However, the results of appiing the Newton method 

  did not seem to be successful, because at the point where the objective 

  function attained its local maximum, the initial values of parameters 
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  did not change sufficiently, so that estimated u , ued and id did not 
  closely approach to the observed values . 

       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 

  following the basic characteristics o f the observed data; that is , the 

  upward convexity of the rd curve and downward sloping fed and i e curves . 

      Neverthl ess , i t 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 resti ri ctions are fairly narrow 

  and we cannot expect any sets of parameters left contribute to the reduction 

  of discrepancies be t,reen estimated and observed values of ue , fed and ud. 

      In fact the model seems to have one point, at least that needs to be 

  rewritten; that is, ; 4 , the intercept of marginal utility line of leisure , 

  has been assumed to be written as You , with the (density) distribution 

  function of u being aog-ncrr2j . This is equivalent to assuming that the 

  minimum value of Y~ is zero, an assumption which connot be expected to 

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

  taking into account this point. 

                    356



  Cb.3.2] Introduction of y4 and estimation of the parameters 

        We rewrite the model replacing You by . 

               1) Y 4 + .. (4U , 14>                                  0 -

   where Y4 stands for the minimum vat ue_ of Y~ distributed among households . 

   Hence, Y4s in the previous model are replaced by (1) . Making use of this 

    rewritten model, we shall ~"''rt the parameters of the preference function . 

        Parameters other than y4 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 y4 

       First we must determine the plausible range for                                                  y4 satisfying restrictions 

   1 through 7. We tentatively set this range from 0 to 1420. Computation 

   results indicated plausible values for Yw were from 0 to 800. 

        Next, we narrowed down the range of tentative values for y 

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

   values for Y4 , the numerical values for Yswere simultaneously varied from 
  -6000 through -6800, the intervals being 100. The values Vor the other parameters   t

o be tentatively ass lamed are shown in the table (c) . -
       Making use of combinations of the values for y and Is mentioned above, 

   estimates or theoretical values for ue, ued and ud and values for 

   objective function were computed. Among those results , the cases ' 
                                       ~-- ~ C*1 

   satisfying the restrictions are shown in Tab.' VI-6 )- However, it should 

   be noted that plausible sets of parameters might have been excluded 

   because of the wideness 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                Y4 and 0.178, 0.180, 0.182, 0.184, 0.186 and 0.188 for a 

1q Cl ? t- PG.r-; ,0. 'r Q ~i.. t4..U. l%C o tiV. 
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   (C) 

          case use nsi u s: Usi r: r3 

        1 45 42 39 36 150 6 12000 

         2 45 42 39 36 150 2 12000 

         3 _ 45 43 40 37 165 0 120000 

         4 45 43 40 37 160 0 11900 

        5 45 43 40 36 165 0 12000 

These values are reproduced from th
e                     - table (B) 

Assigned values for rs and rar
e as folow5 . 

    -600o , -61oo, -6200, -6300, -61400 , -6500, 

0 

 i 0, 10, 140, 120, 320, 800

a 

        0.188 

        0.188 

       0.183 

       0.198 

       0.198 

 on page270 . 

-6000 , -6700,

h 

v3 

V3 

v3 

V3 

1/3

-0800
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          r= r3 r4 

   (1) 150, 6. 12000.
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17I• -6700 j 121' I 103 I ZI5 SZ
18 - 6300

19 120 - 6300 169 I Z33 417 I50
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26 - 6400 191 I 273 i 464 I 168
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I 3i I 800 I -6300 I 413 I 531 I 807 291

I 32 - 6420 368 523 744 269

I 33 - 6500 325 466 682 247

I 34 - 6600 285 411 621 225

I 35 -6700 247 359 562 203

36 -6800 213 310 504 ( 182
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Q=0

    Using combinations of the given values for y and a , we examined 

if the theoretical restrictions 1 through 5 were violated . It was found 

that there was no case violating 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 a T.13 the 

0 same as the previous ones. Combinations of the values for Y and a were 

checked against restrictions 1 through 5 . Again, the results showed that 

there were no cases violating the restrictions . 

    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 convergence-

computation for estimating parameters making use of the steepest ascent 

method. 

    Initial values of the preference parameters were tentatively chosen as, 

.188, y=150, y3=2, y= 12000, Y5=-6700 and y=40 

with other parameters given as h=0.33, LL139=47.4, V39=45, ti"38=44.10 

vas=42, "J37=41.70, v37=39 -~~36=38.4 and v36=36. 

    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 optimal (minimizing x2) value for th
e ranges  fulfi ui~ the restri ctions and (2) that 

        when we allow a and y4 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 tti~~n 
              their initial values and/or initial values for the other parameters are no 

                                             ~ appr°Driato          Consequently, to begin with, we shall vary numerical values of a few 

        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 tiv as well as the growth rate of GNP, and consequently the 

        parameter v to be estimated is expected to grow. At the very Teast,a 

        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, ) 

        1 ti:/ k_- that the values for other parameters are inadequate as initial                     C Ci)S~ ae recd 
        values to be adopted. Consequently, we should allow parameters other than 

        v to vary in order to minimize x2, and after that, we have to vary v by 
        employing the newly attained values of other parameters (which we have 

        varied with mi niFnum x principle) as given. After this procedure, we should . 
       examine if the estimated values for v are consitent with the other 

       information. 

           As a "postulate" for the estimation , we consider (1) the parameters 

        Ii, Y2, y3, y, y, y and a to be constant for all the observational 

       years and for all the principal earner's income classes and (2) "1 , v and i 

                  363



r

vt's 

the

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

constant cross-sectionally. We minimize 

                        ~t (t =1961,. ......,64) 

instead of F. ~t . After obtaining its thus minimized we calculate 
   ,~ t 
E ~t , where ~t stands for the minimized value of ~t for each year . 

Experiment I 

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

             1964 63 62 61 

Yr -1 

12 150 

Ys 2 

Y4 12000 

Ys -6700 

Y4 40 

Q 0.188 

h 0.333 -

We 47.4 44 .1 `41.7 38.4 

v t 45 42 39 36 
            x`(45 .51) (42.63) (40.35) (37.48) 

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

are varied so as to minimize i
t's. The result of estimation is shown in 

table. The estimates for v
t'! seem to satisfy the postulate for estimation. 

     O values in T the convergence values .the parentheses are 
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       Experiment 2. 

-

              --- -- 
1q64..                          63 

            U 45--45. 

            a 0.188-0 

            r4° 40-25 .                              40-25. 
       - 

Initial 

     levels as in 

     Estimates for                        parameter 

     be noted that 

     experiment 1. 

     (estimated) v                       for 

     values for a, 

         The swi t 

     which was exn               in 

     which is deli 

     In the prel' ' 

     in this experi 

     Hence, allo 

y 

     eliminated th 

        The fitt' 

     the observed 

     were not as go 

     Ud and ue are                    underestimate

                                     - 
61 -

48 92--~ 42.63 39--40.35 36--37.48 543.298 

.13675 0.188--0.17675 0.188--0.17675 0.188--0.17675 ! 

               3 25.3 40-25.3 25.3 40--25.3 431.099, 3 

values for Y2, Y3, Y4 and y5 are held constant at the slime 

experiment 1, and a and y4 together with v, are varied. 
the             s are shown in the table below . It should 

the estimates for vt's are similar to those obtained in 

 Also, the direction of changes in the theoretical 

0 21ues        ut, ut and u~d s~g from changes in the 
Y~ and vt~'s is saLne as that observed in experiment 1. 

thing algebraic sib of r4 and the low speed of convergence 

erienced           preliminary estimation before experiment 1
, 

ted in this paper, did not occur in this experiment .. 

nary experiment y', together with cr, was varied , but 

~-nent vt's were allowed to vary together with Y4 andQ. 
r l.rlg vt's to vary caused ̀f4 to have a stable sign and also 

e 

 problem of convergence speed. . 

~ng of the cross sectional ., estimates for ue, ud and ued to ~ 

values in 1964 is fairly mod. However , the estimates 

od for the observed data for 1961 to 1963 . In particular, ~" 

                d. _ 

                        obtained by raking use of the 

                            araineters estimated- / 

-

             3•5.
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I

4

Exoeriment 3.

    Iq 64 

      63 

     62 

     61 

B 

     64 

     63 

     62 

     61 

C 

     64 
i 

     63 

     62 

    61 

D 

    64 

    63 

    62 

    61 

This e:~ 

results

45.51 

42.63 

40.35 

37.48 

  a =0.188

V 

45.48 

42.63 

40.35 

37.48

V 

45.51 

42.63 

40.35 

37.48 

  o =

V 

45.48 

42.63 

40.35 

37.48

                  v =0.1767. 

    This experiment ex    Th i s 

The results are shown 

               obtain estimates for vt obtain 

estimates obtained in 

for 114 and 15 are held 

the values of which ar 

to all cases A through

      to t~ m 

    47.4 462.33 

   44.1 12000 

    41.7 11887.5 447.71 

    38.4 

3, ri=150, r,=2, rs=-6700 , r°=40, h=0.333 
      m rs m 

    97.4 .431.32 

    44.1 -6700 - j 

   41.7 -6962.5 356.12 

    38.4 

75, r2=150, r,=2, r; =25 .3, h=0.333 
      tO r s m 

i 
   47.4 462.33 

   44.1 . -6700 j . 1 
   41.7 -6762.5 , 445.64 

   38.4 

  r:=150 , r,= 2, r,=12000, r,°=40 , h=0.333 
     G° r~ rD 

  47.4 431.32 
  44.1 12000 1 

  41.7 11775 430.33 
   38.4 

 , r:=150, r3=2, rs=-6700 , r40=253                                              ., h=0.333 

2mined the effect of varying and y5 respectively. 

for cases A through D. In cases A and C we used 

   in exderiment 1, while in cases B and D those 

eraerizner..t 2 were used. Other parameters except 

constant during the four years, 1961 through 19614, 

shown in the table in experiment 1, and are co < <. n 

e D with the exception of a).

V 6 tj



l 

i 

i

I 

i 

I 
f 

i

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

  B and C 15 is, and in cases A and C the value of a is the one used in 

  experiment 1, and in cases B and D the value of a estimated in experiment 

  2 is employed. The purpose of using alternative values for4 or Y5' 

  respectively, are affected by slight differences in the values of parameters 

  which are held constant for the estimation of y4 or Y5. 

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

  of y4 and y5 were fairly stable for cases A and D and cases B and C 

  respectively. 
                               v and a is to check if the estimates for) 

Exoeri rnent 4 . 

        --- - -- 6 4 63 .. 62 --- - 61 

     u 45.51 42.63 40.35 37.48 

     w 47.4 44.10 41.70 38.4 

     d 0.188 0.188 0.188 0.188 0 

     r, 150 _ 150 150 150 458.42 

     r, 2 2 2 2 1 

     r, 12000-12112.5 12000-11875 12000-11887.5 12000 ---11875 430.87 

    r; 40 40 40 40 ' 

     rS -6700 -6700 -6700 -6700 

     h 0.333 0.333 0.333 0.333 

      The purpose of this exceriment was to check if the estimates fo r                                                           y4 
  are stable for the four years

, 1961 through 1964. Hence we allow the 
  estimates for y

4 to vary from year to year in contrast to experiments 
 1 through 3 . Tn those experiments estimates f or y, as well as                                                 ti other 

 preference parameters , y Y °                        2 3 Y5, Y4 and a , were obtained by using 
 the postulate or a Priori inf ormation that preference parameters should 

 be stable over time . 
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    Numerical values for parameters which are held constant for the 

                                           lh 6X~Qr-ife+,f =. 
estimation of Y4 are shown in table ( , ~ ). Estimates obtained for Y4 

are indicated with an arrow. ThP estimates for the four years strikingly 

resemble each other, but on the other hand, the fitting of theoretical 

value to the observed value of ue, ud and ued is not good. Hence, 

there remain considerable discrepancies between observed and estimated 

values as shown in Fig( ).and it is therefore necessary to change the 

numerical values attached to the preference parameters, y2, y3, Y5, a 

and y4 mong those parameters we first reestimate a and Y.

Experiment 5. 

the initial values for w , v and h 

        1964 1963 1962 1961 

  w 47.40 44.10 41.70 38.40 

  u 45.51 42.63 40.35 37.48 

h=1/3 _ 

11964 0.188-0.188 150 2 12112.5 - 6700 40- • 70.7 431.05 

~ 

  1963 0.188 0.188 150 2 11875.5 - 6700 40 71.4 1 

  1962 0.188 --0.188 150 2 11887.5 -6700 40 35.7 

  1961 0.188 -- 0.188 150 2 11875 - 6700 40 33.6 429.66 

In this experiment and ., are allowed to vary simultaneously. For the value 

of r. we employ the better one obtained in experiment 4. 

    Estimates for a and Y are shown, together with values for the parameters 

which are held constant, in table ( ). a and Y4 are allowed to vary among the 

years 1961 through 1964. Results show that estimates for a are almost 

same as the initial values, but that estimates for Y4 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. 

             379 -

1964

1963

1962

1961

0.188

0.188

0.188

0.188

r: I T3 I r~ I rs

150 i 2 112112.5 I - 6

150 I 2 I 11875.5 I- 6

150 I 2 111887.5 I - 6

150 I 2 111875 I - 6



 Experiment 6. 

        64 63 62 61 
 rs - 6700 - 6700 - 6700 - 6700 

 r, 12112.5 11875.0 11887.5 11875.0 0 
 ri 70.7 71.4 35.7 33.6 429.66 

 r3 2.0 2.0 2.0 2.0 1 
 w 47.4 44.1 41.7 38.4 389.80 

 u 45.51 42.63 40.35 37.48 
 v 0.188 0.188 0.188 0.188        1 

1 1 1 
     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 a over time , that is, they are 

the same for three decimals. However, the estimates(or convergence 

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 vrlucs for y1° used in 

experiment 5 by the ones estimated in experiment (~ ) . 

     We allow C only to vary and let the other parameters be given 

as shown in the table. Estimated values for a 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 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 underestimation for the three 

years, 1961 through 1963. 
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Experiment 7. 

      ~ 64 

 r2 

 r3 

 rs           -6700 

           -6862.5 

0 

V 

w           47.40 

I 

vary..           1
5 

for 196 

priori 

four ye 

of est 

'

/'o

 Y 63 62 61 

   150 

   2 . 

               -6700 -6700 -6700 
   1 1 1 1 

                -6937 .5 -7037.5 -6825.0 

  70.7 71.4 35.7 ̀  33.6 

0.17893750 0.17346875 0.17221875 0.18190625 

  45.51 42.63 90.35 37.48 

              44.10 41.70 38.40 

n  the prvious experiments , 1 through 6, we did not allow 15 to 

Here,         is allowed to vary in order to improve the fitting 

1 through 1963. In this experiment
, we do not use the a 

information that y~ shculd be of the same value during the 

ars, 1961 through 1964, because we want to test the stability 
Z rna.ted values for y5 among the years . 

   - 6?co --6?cc - C7co -76'O 

         1/ s7~a (3.3. ~, 7/, ~~ ~c, ~) CG-/v'/~, d•i7~', i./7? 

                 

• t3, 

W 

                    v a / 7O V. / , Z o,)

L. 1

881



s

1961 estimates for udz„~ud, approach the observed values, while 
       ued's exceed the those values. ud approaches the observed values 

      but not sufficiently. 

1962 ue and Ud sufficiently approach the observed values , but UedTs 

       come off the observables. 

1963 the same tendency as 1962. --

1964 the same as 1962. 

     It can be seen that the estimates for y5 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. 

        64 63 62 61 

      0.1789375 0.1735 0.17221875 0.18190625 
r: 150 150 150 150 

m 
 r, 2 -• 1.9 2 ?. 3 2 --' 13.2 2 10.2 313.033 

r, 12112.5 11875.0 11887.5 11875.0 j 
r5 -6862 .5 -6937.5 -7037 .5 -6825.0 284.946 
r: 70.7 71.4 37-'\ 33.6 

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

same manner as for y~ in experiment 7 , we allow 13 to vary in this experiment. 

Y5 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.
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      1961 62 63 6) 

13 10.2 13.2 7.3 1.9 

     As shoc~rn in Fig ( ), the effect of chjing the value of 13 is 
n remarkable. Considerable improvement in fitting is observed

, for the 

time, for years 1961 through 1963 . 

Experiment 9. 

        64 63 62 61 

0 0.1789375 0.1735 0.17221875 0.18190625 
r2 150 150 150 

150 
r, 2 2 2 

2 m 
r4 12112 .5 11875.0 11887.5 11875.0 313.0334 
rs -6862 .5 -6937.5 -7037 .5 -6825 .0 1 
ri 70 .7 71.4 35.7 33 .6 310.8691 
h 0.333 0.133 0.333 0.333 

        0.33458 0.332 0.332 0.332 

     In this experiment, parameter h only is allowed to vary
. Other 

parameters are fixed at the values for experiment 7 . 

     1961 62 63 6)4 

      0.332 0.332 0 .332 0.335 

       ( * initial values are all 0.333) 

     The estimates of h for four years are stable over time . However, 

no remarkable improvement can be seen in the fitting of the curves . 

                          3.83
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Experiment 10. 

        64 63 62- 61 

 r, 240.6875 2-9 .6875 2--17.3125 2--16.375 m 

h 0.333 --0.33458 0.333 -0 .33083 0.333--0.32833 0.333.--•0.32833 313.0334 

r, 12112.5 11875.0 11887.5 11875.0 1 

rs - 6862.5 -6937 .5 -7037.5 -6825.0 267.657 

ri 70.7 71.4 35.7 33.6 

0 0.17894 0.1735 0.1722 0.1819 

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

we allow 13 and h to vary simultaneously . 

     Changes in the estimated values for Y3 from the initial values 

especially in 1963 and 64, and the estimated values fit the observed 

values somewhat better. 

      1964 63 62 61 

13 0.6875 9.6876 17.3125 16.375 

h 0.3346 0.3308 0.3283 0.3283 

Experiment 11. 

     We have not yet allowed 12 to vary. In this experiment, 12 only 

is varied, other parameters being fixed at the initial values given in 

experiment 1. Estimated values for Y2 in years 1961 through 1964 are as 

follows: 

       1961 62 63 64 

        153.7 153.7 152.7 147.5 

      Overtime, the estimates are fairly stable. The results of fitting 

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

 the other years. 

                       ,RR4



 Experiment 12. 

      1964 1963 1962 .1961 0 
 r: 150-' 148.7 150-' 153.7 150-' 158.7 150--' 161.2 543.298 

 h 0.333 -'0 .33833 0.333 -'0 .33833 0.333 -'0.3458333 0.333 -'0.3470833 407 .7284 

     We allow y2 and h to vary simultaneously in this e
xperiment. 

 The values for y°, y3, h, y4, y, and a are fixed at those values used in 
experiment 11. The results are listed in the tabl

e below. 

           1961- 62 63 64 

y2 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 y
2 estimated-in 

this experiment and those in experiment 11. The values for y2's and 

h's are respectively fairly similar among the years . 

The pa's for the years 1961 and 1963 are still underestimated and also 
are underestimated for the upper principal earners' income class

es in 

the year 1962. The fitting of the u
e's are somewhat improved for 1964. 

Experiment 13. 

     As is shown in experiment 5 , discrete changes in the estimates for 

y are cbserved as time passed; that is, those estimates for 1963 and 1964 

are larger than those for 1961 and 1962 . In successive experiments , 

we fixed yd's at those values obtained in experiments. Also we have 
found that estimated values for other preference parameters

, y2, 114 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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    Y2(= -1), y3, y4, y5, yy and a, are respectively constant over the years 
    1961 to 1964. That is , si njficant differences in the estimates for 

    yy and a, respectively, might stem from the inadequacy of the values for 

    other preference parameters used in experiment 5 and 8 . (The significant 

    differences in estimates arrrong years appeared in experiments 5 and 8)
. 

         Hence, calculating mean values of the estimates for y and a
, 

    respectively for the time period 1961 through l964, we obtain y4 = 52,85 
    and y3 = 11.0156. 

    Praking use of those values for y
3 and y4 and those values for other 

    preference parameters given in experiment 9, we allow y
2 only to vary. 

    By doing so we obtain estimates for y
2 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
2 are 

    less than those obtained in experiment 12 where we did not use mean valu es 

    for Y1° and y3. Also the magnitude of the objective ~ 
                                                        n this                                                      functionn 

    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 hyrothesis . 

   Experiment 14. 

        

I o 6 ̀ -

     r, 150.0 150.0 _ 151.2 153.7 151.225 --_---

    h 0.33208 0.33083 0.33083 0.33083 0.3311425 

     r, 12112.5 11875.0 11887.5                                                  11875.0 11937 .375 
     rs -6862.5 -69375 -7037 .5 -6825.0 -6915 .625 
    0 0.17894 0.1735 0.1722 0.1819 0.176625 

     r4° 52.85 52 .85 52.85 52.85 (52 .85) 
    r, 11.015625 11.015625 11 .015625 11.015625 (11 .015625) 

     u 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
2 over time is by this exper_:n: 

 which allows y2 and h to vary sirrniltaneously
. The results are shown in the 

 following table. 

        1961 62 63 64 

 Y2 153.7 151.2 150 .0 150.0 

 h 0.3308 0 .3308 0.3308 0.3321 

     Although slight successive reduction on the estimat
es for Y2 are 

 observed during the four years
, the estimates are fairly `table and those 

 for E are extrenely stable . The magnitude of the objective function in 

 this experirment is also reduced in comparison to th
at value calculated with 

 the initial values of preference parameters . 

Experiment 15. 

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

estted values for the parameters are stable over time
, the values 

for preference parameters, y , Y5, a, y3 and Y2, are respectively fixed 

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

exDerlrment. 

     We al?ow two of he three parameters h v and                                                   y
4, to vary simultaneousl 

as is shown in the follpwing table
, (a) through (c). 

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



L

t

     There 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) Yj and h are varied simultaneously. The estimates for ;have been 
observed to change over time since experiment 5 . In this experiment, 

we examine if estimates for y' 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 

h 0.3311 0.3311 0 .3311 0.3311 

     The variation in the estimates for y4 reappears. However, the 
magnitude of the ob j ective function is less favorable in comparison to 

the value obtained in experiment 14 where -y was held constant over time. 
Hence, it can be seen that allowing estimates for Y4 to vary has no 
merit in improving the fitting . That is, can obtain a better set of 

preference parameters by holding y constant and choosing better values 

of the other parameters. 

(c) Y, apd v are allowed to vary. 
    The estimation results are as follows . 

         1961 62 63 64 

Y4 -25.2 -25.2 68.5 130.9 327.078 
          37.38 40.15 42.54 45.51 306 .992 

    In this experiment variation in the estimates of -r reappears as 

in experiment (b). In this case , although the maginitude of is a 
little smaller than that in (b) , it is larger than in experiment 13 
or 14 where Y4 is held constant. Hence, it can be seen in this case 
also, that allowing Y4 to vary over time has no merit in improving the 
fitting of estimated to observed valves .
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Experiment 16.

47. 3 

4~, 3 ~

1964 1963 1962 1961

45.51

1
43.07

42.63

!

42.09

40.35

40.26

3T.48

1

37.56

w

38.69

1

3)
1

- 42~ 50,E

144.43
!

44`43

38.69

1

39.28

a

0.176625

!

0.151625

0.176625

1
0.15 1625

0.176625. 
l

0.15 1625

0.176625

0.15 1625

151.2

!

146.2

151.2

- 1

146.2

151.2

1

146.2

151.2

1

146.2

11.0 11.0 11.0 11.0

1 1
-0 .2 -0 .2 -0 .2 -0 .2

11937.4

1

12399.3

11937.4

1

12399.9

11937.4

!

12399.9

11937.4

1

12399.9

-6915 .6 -6915 .6 -6915 .6 -6915 .6

1 1 1 1
-7815 .6 J. -7815.6 -7815 .6 -7815 .6

r°

~2.9

!

53.7

52.9

l
53.7

52.9

1
53.7

52.9

l

53.7

0.33 0.33 0.33 0.33

h 1

0.34 0.33

!

0.34

1
0.33

0 

323.03041 

1 

211.33099

     Taking into account the results obta' 

it may be argued that there is no strong e 

of the constancy of preference parameters 

parameters are, at least locally, identif' 

estimation results by making use of the pr 

parameters are constant over the years. 

     Hence, in this experiment we use as i 

the average values for four years with res 

y2, Y3, Y4~ 15, Y4 and a which are listed 
Other parameters, w, v and h are of course 

Initial values for these are also listed i 

these values as initial values for the par 
,

1 

fined by the previous experiments, 

vi_dence contradicting the assumption 

over time. Therefore, if the 

sable we wily, obtain more favorable 

iori in~'ormation that preference 

nitial values for the parameters 

pect to preference parameters;' 

in the table in experiment 15. 

allowed to vary over time. 

n the table. Making use of 

ameters we can estimate all

r
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L

the parameters by aJ.lowig all of them to vary simultaneously . AU the 

estimates for the preference parameters are restricted t
o be ~'cns tart                                  'the ab

ove over time. Th
e results are shown finable ( ) . 

     'Ihe steepe
st ascent methjd was erricloyed for estimation . The speed 

of convergence in the process of obtaining estimates was f
aster than 

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

results amongst all the estimates oi~taired in secti
on VI. That is, 

the problem of systematic underesti aticn for ud was resolved except 

for the lower income classes in 19614
, and fittings for e and- •ued - were 

improved.
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