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Abstract

In this paper a bivariate probability model for two types of conceptions
occurring during the latter phase of the reproductive span of females has
been proposed when the start of the observational period is a distant point
since marriage. The model has been formulated by considering the
incidence of secondary sterility during the observational period. The model
is applied on a real data for illustration.

Introduction

A univariate probability distribution for number of conceptions during a
given period of time is derived by Srivastava and Singh (1989) in which
variation in sterility parameter with respect to age is considered. Singh (1978)
proposed and applied a bivariate probability model during any segment of the
reproductive span, the starting point being a distant one since marriage, for two
types of conception, viz., those resulting in live birth and the offspring
continuing to live beyond the period of one year, and those in which the
offspring dies within the period of one year.

Implicit, however, in Singh's study. It is considered that the female, who is
fecund at the start of the observational period, remains so throughout the period.
But Srivastava and Singh (1989) have considered that transition from fecundity
to sterility is age-dependent and the rate of transition increases, especially in the
latter segment of marital life. Hence Singh's model is not suitable when applied
for the reproductive performance of females for the later period of reproductive
span.

Keeping the above in view, we have modified Singh's model by
considering the incidence of secondary sterility during the observational period.
The present paper deals with the formulation of a probability distribution
employing observation on the number of live birth conceptions of two types,
viz., child dying within a year and child surviving for more than a year. The
model is elaborated along with the assumptions in Section 2. Additionally, the
model has been applied to an observed distribution, for illustration, taken from
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the survey. "Rural Development and Population Growth (1978)". Section 3
deals with the application. The conclusion follow in Section 4.

Model

A female is observed between time points t; and t, (t; <t; and t, - t; = T),
where t; is a distant point since marriage. Let us assume the following :

1. The female has led a married life throughout the observational period (t;,
t2).

2.  The probability that a female fecund at t and conceiving during the
interval (t,t+At)is mAt+O(A t);t; <t<t,and m> 0.

3. Each conception results in a live birth. Further let (1-8) be the probability
that a child born alive, dies before completing the first year of life (taken
here as type I conception) and 6 be the probability that the child survives
for more than a year (taken here as type II conception).

4.  Let h;and hy, (h; < hy) be the rest periods associated with the conceptions
of types I and II respectively.

5. Further, the above-mentioned assumptions are also true for a considerable
period of time prior to t; so that the reproduction process is in equilibrium
at t;.

6. Let a; be the probability that the female is fecund at the start of the
observational period. Then it follows that (1 - a;) is the probability that she
is incapable of producing children during the observational period.

7. Let (1 -ay) be the probability that the female becomes sterile during the
interval (tj, tp), given that she was fecund at the start of the observation
period. Further, the probability that such a female will become sterile

during (t,t+dt) is g(t) dt where g(t) = %, t<t<t,

Let X, (7) and X; (1) denote the number of conceptions of types I and II
respectively to a female during a time interval (t;, t; + 7) of length 7 (0<7<t;
- ty).

Let P[ Xi (1) =1, X2 (1) =J] = P;,j (7) denotes the joint probability function
of X; (t) and

Xs (T)

Under the assumption 4, the maximum number of conceptions of type I to
a female during the period of observation of length T cannot exceed n;, while in
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case of conceptions of type I, this number is n, where n; < [T/h;] + 1, [T/hj]
stands for the greatest integer not exceeding T/h; for i=1, 2.

Let the successive conceptions occur at times Ty, T; + T, T; + Ty + Tjs,
..., measured from the point t;. T; is the time of first recording of conception
and T; (r > 1) is the time between (r-1)th and - recordings. Under the
assumptions 1 to 5, the probability density function (p.d.f.) of T} is given by

B =1, 0<t<h
=ﬁ } (1;9) (1- e—m(t—hl))’ hy<t<h,

1

n

—0 —m(t— 0 Cm(t—
_—(1u ) (1 — em(t-hn)) — ” (1—emEhD) t>h,

Further, the p.d.f. of the waiting time of the (i+j)th conception since t,
given that, among the preceding (i+j-1) conceptions, (i-1) are of type I and j
are of type II, is given by (Singh, 1978)

fiyj (/1-1,7) =0; 0<t<(i-1) h; + jhy
=m1(t1,])); (i-Dh; + jhy <t <ih;+ jhy
=m1(t1,])) - ma2(ti,j); thy+jhy <t <(@G-1)h; + (+1)hy
=m(ti,))-ma2(t1,])-mis(t1,j)); t> (-Dh + G+Dhy  (2)
Where,

— S
i) =1 —m(t—i—Thy —j i+j—2 m3(t=i—Th; —jh;
T11 (t1,)) =7 [1 — e—m(t=i—1h;—jhz) Zs=]0 %

1] 176 —m(t—ih;—j i+j—1 mS(t—ih;—jhy)®
1o (41,)) = % [1 — e~ m(t=ih;—jhy) le=]0 m lsi jhy ]

and

— — S
R’ (T The — T i+j—1 mS(t—i—Th;—j+1h,
m13 (61,)) = ;[1 — e—m(t=i—1hy—j+1hz) Zs=]0 ( )

s!

and p is the mean corresponding to the p.d.f. of T, (r>1).

It is easy to see that p= ! tnmh ; h = (1-0)hy + 6h,

The p.d.f. of the waiting time of the (i + j)th conception since t;, given that
among the preceding (i +j - 1) conceptions i are of type [ and (j - 1) are of type
I, can easily be evaluated by putting i and (j - 1) respectively in place of (i -1)
and j in equation (2). It is easy to see that
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fiy (ti,j-1) =0; 0<t<ih;+(j-h
=1 (8 1,]); ihy +(j - Dhy<t<(i+ Dhy+(- Dhy
=11 (t1,)) -T2 (t1,]); i+ Dh;+ (G- Dhy<t<ih;+jh
=11 (t,1,)) -2t 1,))-m23(t,1,)); t>ih+jhy (3)
where

— S
i i 1 —m(t—ihy—j—1 i+j—2 mS(t—ihy—j—1hy
mz1 (6 1,)) =2 [1 — e~m(t=ih;—j—1hy) Zs:JO mS(t—ihy—j—1hp)

s!

R — S
hy—j—1h,)

s!

. 1-0 —m(t=FTh =1 i+j—1 mS(t—i+1
7'[2,2 (t’ l,]) = (_u) [1 —e m(t i+1h1—j 1h2) le=]0 (

and

) —m(t—ih—i i+j—1 mS(t—ihy —jhy)®
o3 (L1,)) =7 [1 — e m(t=ihi—ihy) ST %]
Let us consider the probability of occurrence of the event [X; (1) =1, X;
(1) =]j], 1.e. the probability of occurrence of i and j conceptions of types I and II
respectively to a female during (t;, t; + 1) denoted by Pj; (). Under the
assumptions 1 to 5.

Poo (0= 1— [ f;(Ddt

=1 —ﬁ ; 0< 1< hy
_ _ (1-6)h, b (1-6) _ a—m(t=hp)y . <
1 —u " _mu (1 e ), hl < 1< hz
— @ e_m('f_hl) + ie—m(T—hz) > h2 (4_)
mp mp AR
which is same as
Poo (W= 1-¢,,(r,1,0) ; 0< 1<hy
1-¢,,(t 1,00 + ¢, ,(1,1,0) + ¢, (1, 1,0) ; 1>2h,  (5)

Further, let us denote by |P; ; (t) the probability of occurrence of the event
[Xi (1) =1, X2 (1) =]], when (i + j)th conception is of type I, and by ,P; j (1) the
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probability of the occurrence of the event [X; (1) =1, X, (t) =])], when (i + j)th
conception is of type II.

It is obvious that if (i + j)th conception during (t;, t; + 1) is of type I, then
before the last conception there would be (i - 1) and j conceptions in regard to
types I and II respectively.

Hence, the probability (P; ;(t) is given by

Pij (D)= ((1:1_1—)1|])"(1 — 0)i/ fot fiyj (&/1—1,))
{Probability of no conception during (t; + t, t; + 1)} dt (6)
=0 : 0<t<(i- h+jh
= ((1:1—1_)1.]).'(1 = 0)0 [y, Ta (1) dt
; (i — Dhy +jh, < t<ihy + jhy
= ((i;r_jl—;j)!! (1-0)i¢ [ f(Ti:}11)1h1+jh2 o (61,]) e ™ Ghode +
f:—hl my (61 ))dt —
Jsagn, M2 (1Dt |
; ihy +jh, < t<(i—1)h; + G+ Dh,
_ (+j-1)!

3 ] ’C—hl . = — —t-=h T -
= oy (1700 [f(i—l)h1+jhz my (61 e O de [T (6 de -

fih1+jh2 71,2 (t1,))dt — f(i—l)h1+(j+1)h2 3 (4 i'j)dt]
= S gl [, T () €™ R dE—

-1 (i-Dh;+jh,

t=h LN — —t— T ..
fihl‘l'}hz 71:1’2 (t, 1,]) e m (t-t hl)dt + '[E—hl 7'[1’1 (t, 1, ])dt -

T - T -
-[r—hl 7':1‘2 (t, 1, ])dt - f(i—l)h1+(j+1)h2 7[1’3 (t, 1, ])dt ] 5

_ (@+4j-1) _ inj [ rr—h1 .. -m (t—t—h,) _
= oy L~ 00 [f(i—l)h1+1'hz M (61]) e

t-h, . e
fih1+jh2 my, (61,)) e™ (x Ddt —
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t=h .. _ —t—
f(i—1)1h1+(i+1)h2 M5 (61) e TR de +

.[:_hl{nl,l(t' i, ]) — T2 (t! i) ]) — T3 (t! i) ])} dt ]
;1> 1ihy + (G + Dh, (7)

Further, when (i + j)th conception during (t;, t; + ) is of type II, then
before the last conception there would be i and (j-1) conceptions that are of
types I and II respectively.

Hence,
(i+j—1)! s et ..
2P i (1)= il!(j]—1)[ (1-6)0 [ fit/ij—1)
[Probability of no conception during (t; +t, t; + 1)] dt
(8)
=0 ; 0<t<ih;+(j—1Dhy
_ (+j-1) ini (T . .
= o L= 00 fiy oo, 22 (G1]) dt

; ihy + (— Dhy

(i+j—1)! _ mini [T .. (T ..
oo (= 010 [, Tox G A6 o, T2 (D d |

(+H-1! o Nipj [ 7Dz . ) a—m (1—t=hy) K i,j)dt —
T (1 e)le I:fih1+(j—1)h2 Ty (t' 1,]) e mit 2) dt + -[E—hz T21 (t, l;])dt

T .. T .
S omsgonm, T2 BB dt= [ s (i) de |
_ (-1 i [ (=h e
=T (166 [fih1+2(j_1)h2 mpq (61,)) eTm(tha) g —
i myo (1)) e G702 g +

(i+Dhy+(-1Dh;
T - T PR
f “h, 7'52‘1 (t, 1, ])dt - f h, 7[2’2 (t, 1, ]) dt —

T T

fi;1+jh2 M3 (41,]) dt ]
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; A+ 1hy +jh, <t<ihy + (j+ Dh,

_ (+j-1)! inj [ rr—hz Coa o — —t—h

1—h LN — —t—
f(i+1)2h1+(]'—1)h2 Moz (41,]) €7 7R de -

T_h . . — _ _h
fihléhz 2,3 (t, 1,]) e m (t—t-hy) dt +

f:_hz{nza(t» lr]) - T2 (t' 1,]) — T3 (t' 1,])} dt]
Thus, under the assumptions 1 to 5, Pj (1) is given by
Pij (1) = 1Pij (1) + 2Pij (7)
=0 0<t<ih;+(G-Dh,

(+j-1)!

= 2222 (1 - 0)i/ 021 wi)]; ihy+(— Dhy <t<({—Dhy +jh,

itj!
= (”l’—;”'m — )0 [i @11 (i) + 0,1 (11,])]
(i— Dhy +jh, <1<+ Dhy + ( — Dhy
- (”l’—;”'(l —0)'0 10,1 i) +j {021 i) — D2 i)}
;(i+ Dhy + (— Dhy < t<ihy + jhy
= (”l’_;l)'a — 00 [i{0, ©i)) + 015 (©ij) — B4 (Li )+
j{=022 ©i,)) + Bp3 (1i,)) + Bas (1.1,)) — Bys (1.i,1)}]

;ihy +jhy < T< (= 1hy + ( + Dh,
= S - 00 [i{ 81, i) + Ous (i) = Brg (i) —

®1,5 (T, 1!])} + ] {_ Q)Z,Z ('L', 11]) + Q)Z,S (T’ 1']) +

Q)ZA- ('L', 1!]) - Q)Z,S (T’ 1'])}]

;AG—1Dhy + G+ Dh, <<+ 1)h; +jh,

= WD _0)io [i {01, (i) + Bos (0,)) — Bis (1,1,]) —

it j!

B16 (1,i,§) — 017 (LiL D} +j{023 1)) +
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®2,4 (T' 1!]) - (DZ,S (T' 1']) - ®2,6 (T' 1!]) - ¢2,7 (T' 1:])}]

; i+ 1)hy +jh, <t<ihy + (+ 1)h,
_ (i+j—1)! ini I: .. .. .
- 1'—]' (1 - e) 0 [1 { (31,2 (T, 1:]) + ®1,3 (T' 1']) - ®1,6 (Tr l']) -
@17 (i) — B1g (1,1,)) — D10 (T,1,))} +] {®2,3 (t,1,j) +
(32,4 (t, i'j) - Q)z,e (z, i'j) - ®2,7 (z, i']') - (2)2,8 (t, i:j) - ¢2,9 (t, i'j)}]
; t2ihy + ( + 1Dh,
1=0,1,2,...,n;; j=0,1,2,...,np and (i+j) = 0 (10)

where ¢y (1, 1, j)’s (k=1,2,;1=1, 2, ..., 9) are obtained by the
following expressions after replacing T by 7.

. .
(1)1,1 (T; 1, ]) = f(i_l)hl_l_]-hz 7'51,1('(, 1, ])dt
T i i = T_hl 1 1 _m (T_t_hl )d
¢1,2 ( ;lr]) - fi—l)h1+jh2 7'51,1('(, 1,]) e t
. s T ‘s
(1)1’3 (T' 11 ]) = fT:hl Tfl‘l(t, 1, ])dt
s T ..
(1)1,4 (T; 1;]) = fih1+jh2 nljz(t, 1,])dt
(1)1‘5 ( ) 1’ ]) - f(l—l)hl-‘r (]+1)h2 n1'3(t, 1, ]) t
.. T—h e L
0,6 (T,1,) = fih1+1jh2 T2 (t1,) e~™ (T=t-ho) dt
. - T ‘.
¢1,7 (T; 1, ]) = fT—h1 TELZ (t, 1, ]) dt
. s T—h L. _ L
b1 (TED = fi 1y, G+nn, T3 (B1)) e m (T=t=h1) d¢
.. T o
010 (T = [y M3 (L1, dt

.. T P
Opy (T = fi 4 _1yn, M21 (B1,]) dt

. T .
¢2,2 (T,i,j) = f(i+1)h1+ (G-1hy 2,2 (t,4,j) dt
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by0 (T1D) = fr_y, Mo (61, dt

.. T .o
(1)2‘5 (T; 1; ]) = j;hl‘l']hz Tc2,3 (t, 1, ]) dt

T—h,

o o
b26 (T LD = fiayh, +-yn, T2z (G 1)) €770 de

P T L.
¢2.7 (T,i,j) = fT—hz 2,2 t5j)) dt

.. T—h e o
b6 (TLD) = [y yjh, P23 (1)) 7m0 dt

4)2,9 (T; i;j) = f'l:r—hz T3 (t, i,j) dt

Now, the probability of i and j conceptions of types I and II respectively
during (t;, t2), given that the female is fecund at t; and remains so throughout
the period of observation, is P1; (T), which is obtained by substituting T for  in
P’{,j (1). Further the probability of i and j conceptions of types I and II
respectively to a female during (t;, t;), given that she was fecund at t; and
becomes sterile during (t, Tt + dt), is given by

1 *
= <
Tpl,j (det , 0< 1t <T.

Now, aja is the probability that a female fecund at the start of the
observational period, remains so throughout the period; while a;(1-a;) is the
probability that a female fecund at the start of the observational period becomes
sterile at any point during the period. Thus, the joint probability function of X;
(T) and X; (T), under assumptions 1 to 7, is given by

Pyo (T) =
(1—ap)+a;a, Pyy(T)+

1- T H*
al(TaZ) Jo Poo (@ dr ; (11)

a;(1—ay)
=(1—a,)+a,a, [1 — ¢, (T,1, 0)] + % [T —v,,(T1, 0)] ;
0<T<h,

=(1—-a) +a;a,[1—¢,, (T.1,0) +¢,, (T,1,0)] +2E22 7
Wl,l(T’ 1' 0) + W1,4(T’ 1; 0)]
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; hl <T< h2

= (1-a)) +aa; (1= ¢, (T,1,0) +¢,, (T,1,0) + ¢, (T, 1,0)] +
(1-ap)
20T~y (T,1,0) + y, , (T, 1,0) + v, (T, 1,0)]

:T>h, (12)
Pi; (T) =
ay a; Pl (T) + 222 (TP (1) do (13)

G+j— 1)

Pi; (T) =a; a, Nl

1=0) 0 j ¢,, (T,ij)

a;(1-a) (Hj-D! o i o s ..
=0 ST (1-0) ¢ jy,, (T,Lj)

(i+

=2, a, _’,]T!”! (1—0)i o [i by 1 (TiD) +] by, (T, i,j)]

1!

R 0 1 v, 000

(+j-1)!

=aya, 2 (1= 0) 0 [i{ oy, (TiD}+i{ 6,, (Ti) -
b, (DY + 2EE2EE -0y 0 [i {w, , (TiD}+i{w,,(Ti) -
v, (i)}

=a;a; (l+]—_1)' (1 - 9)1 0] I:i{d)l'z (Tr i, ]) + 4)1,3 (T; i’j)_¢1,4 (T, 1!])} +

irj!
i{ s MD+ 0,y (TAD = &y, (Ti) = 0,5 (TiD}]+
(1-ap) (i+j-1)! i nil: - .. .
RS 111!]_!_(1 —g)i ¢ [1 {\Vl’l(l)(T,l,]) vy, (T L) + v, 5 (T, 1) —
V(T DY+ {W 0y (T 1) =y, (00D + w5 (T, Dy (T ) —

V5 (LD}
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(Hj—lﬂ(l__

T4l

) 0[i {¢,, (T + ¢4 (Tii—0,, (TiD—0, 5 (T,ii}+

i{=00, (TR + 05 (Ti D+, (Ti D=0, (T,i, )| + 222D g —

0)' 0 [i {wy 1) (T L0 + Wy (T D) + w5 (T =y (T — v, (Ti )} +
W10y (1D = Wy (T D) + w5 (T D+, 4 (T, 1)) — v, (T, 1D}

aiap

s (=Dh + (G +Dhy <T <+ Dhy +jh,

i+j—1)! -
=m@97+ﬁ341—w@ﬁ{mzamn

+ ¢1,3 (T, ifj)_(l)l‘S (Tr i'j)_¢1,6 (T, ifj)_(l)lj (Tr lr])}
+i{by (T.1J)
+ ¢2,4 (Tr i'j)_¢2'5 (T' i)j)_¢2,6 (T' i'j)_¢2'7 (Tr 1)])}]

a;(1-a,) (i+j—1)! ST o N
2L B0 _ gyig [1 {\Vl’l(l)(T,l,])+\lj1’2(T,1,])+

\l’1’3 (Tr il ]) - W1’4(1) (Tl ir ]) - WI,S(T’ il ]) - W1'6 (TI i) ]) - \ljl,7 (T) il ])} +
j {Wle(l) (Tr i) j)_WZ,Z(l) (TI il ]) + WZ’3 (Tr il ]) + W2,4 (TI i) ]) - \ljz’s (Tl il ]) -
W2,6 (T, i, ]) - W2'7(T, i, ])}]

i (i + Dhy + jhy < T < ihy + (j + Dhy

(1+] 1)'

_aia (1-0) 0 [i{¢1.2(T,1,5) +¢1.3(T, i, 1) - 01,6 (T, i, j) -1, 7 (T,

1,))- ¢1.5 (T, I,J) &1,0 (T, 1, )} +j {b2,3 (T,1,)) + 2,4 (T, 1, ) - ¢2,6 (T, 1, j) - ¢2,
7 (Ta ia .])' ¢2,8 (Ta 19.]) - ¢2,9 (Ta ia J)}]

420092 G (1) 01 {0y (T, )+ i (T8 J) s (T,

j)' W1, 4 (1) (Ta ia .]) - V1,5 (1)(T9 19.]) - W1,6(Ta 19.]) - W1,7(T9 ia J) -VyL,s (Ta laJ) -
Wi,o (T, L)+ {wz, 1) (T4, ) - wa,2p (T, 1, ) + w2, 3(T, 1, ) + w4 (T 4, ) -
V2, s () (T, 1,)) - w2,6 (T, 1,]) - w2, 7 (T, 1, J) - wa,8 (T, 1, J) - w2, 9 (T, 1, )} ]

c T>ih+ G+ 1) ho

fori=0,1,2,...,n;;j=0,1,2,...,mandi+j#0 (14)
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where yi (T, 1,j)’s (k=1,2,; 1=1,2,...,9) are given by
. T ..
v, (T = f(i_l)h1+jh2 ¢, (ni,j)dr
..« _ cihg4ih .
Vi1 ) (T,i,j) = fi—ll)h12+jh2 ¢1'1 (t,i,j)dr
.. T .
vy, (ML) = fih1+jh2 o, (nij)dr
. T ..
v, 3(T L)) = fih1+jh2 o5 (ni,))dt
.. T L.
v, (M) = fih1+jh2 ¢, , (Ti)dr
. .« _ (i+Dhi+h .
Via (DD =i yn, 2 01e (@D dr
Tii= (" {d
W1,5 ( ) 1:]) - f(i—l)h1+(j+1)h2 (1)1’5 (T, 1,]) T
iy +GHDR )
WLS (1) (T; 11 ]) - fi—l)h1+(j+21)h2 (1)1’5 (T, 1, ]) d'C
. T ..
W1’6 (T,i,j) = f(i+1)h1+jh2 (I)L6 (t,1,j) dt
. T ..
W1'7 (T, 1:]) = f(i+1)h1+jh2 (1)1’7 (T, 1, ]) dt
. T ..
. T ..
W1,9 (T, 1;]) = fih1+(j+1)h2 (I)L9 (7,1, ]) dt
. T ..
W2,1 (T, 1:]) = fihl+(j—1)h2 (1)2’1 (T, l,]) dt
..« _ ihy+jh .
Vo1 y(Ti)) = fih11+(j—21)h2 ¢, (1,i,j)dr
Tii= (T i d
WZ,Z ( 1, ]) - f(i+1)h1+(j—1)h2 (1)2'2 (T, 1, ]) T
(i+1)hy +jh,

Va2 )T = Ji iy e, 2.2 (11 dT

. T .
V3 (T,1)) = fih1+jh2 ¢, 3 (t,1,j) dt
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. T .
Wy, (T1,)) = fih1+jh2 ¢, 4 (T1,j)dt

. T .
Y, (T1)) = fih1+jh2 ¢, 5 (1,1,)) dr

- ihy+(G+Dh ..
WZ,S Y] (T: 1!]) = fi;’l11+]'}(‘l]2 o (|)2,5 (T; 1;]) dT

- T ..
W2,6 (T; 11]) = f(i+1)ih1+jh2 ¢2,6 (T, 1, ]) d't
Tii) = T i 9 d
W2’7 (T, 1:]) - f(i+1)ih1+jh2 ¢2,7 (T, 1,]) T
‘s T ..
WZ,B (T, 1:]) = fih1+(j+1)h2 ¢2,8 (t, l,]) dt

s T ..
Wz,g (T, 1:]) = fih1+(j+1)h2 (1)2,9 (T, 1,]) dt

Application

To illustrate the application of the model an observed distribution has
been taken from the survey "Rural Development and Population Growth
(1978)". Table given presents the distribution of number of children within a
six-year period, to females aged 40-45 on the reference date of the survey. The
table has been prepared by utilizing the information on the number of births
during the seven years antecedent to the reference date. The births have been
classified under two heads : the children dying within a year, and those
surviving for at least one year after birth. The births which took place during the
last one year failed to fulfill the criterion of one-year exposure period, and in
whose cases the factor of infantile mortality could not be ascertained, were
ignored. Thus on average the births relate to the fertility performance of a
female during ages 35.5 to 41.5 instead of 35.5 to 42.5, owing to the exclusion
of births during one year before the reference date. Since, the likelihood of the
sterility being greater in the later phase of the reproductive period, the
estimation of the parameters is done by utilizing the observed set of data related
to the later part of the reproductive span. Also the females using hundred
percent effective contraceptives are not taken into consideration, since we are
considering only onset of natural sterility.

The present model consists of six parameters viz. (1 - 0), h;, hy, a;, a, and
m. By assuming (1 - 0), h; and h,, we have estimated the parameters a;, a, and
m by equating the theoretical expressions of mean, variance and probability of
zero birth to their respective observed values. From the survey data it is
observed that the infant mortality rate is around 150 per thousand births. Hence
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(1 - 0) has been taken here as 0.15. Further, for the estimation of the parameters,
h; and h, have been taken as 1.00 year and 1.5 years. Here T = 6 years. The
estimates 413, and m of a;, a, and m are obtained as

a; = 0.710, a, = 0.649 and m = 0.401.

With these estimates the expected frequencies for the distribution have
been computed and presented in the Table. The value of y’at 3 degrees of

freedom is 2.2066.

If we take a; = 1. our model reduces to that of Singh, (1978). In view of
this, we have also obtained the estimates of a; and m by using the theoretical
expressions of probability of zero birth and mean. It this case the estimates
a,, m of a; and m are obtained respectively as

a; = 0.650, and m = 0.343.

The expected frequencies and value of y°, based on the above estimates,

are also presented in the Table given below. Here value of y* is obtained as
2.9869 at 4 degrees of freedom.

Both the values of °, in the Table below, are found to be insignificant at

5 per cent level of significance. However, the present model may be more
suitable because of its assumption that sterility increases with a female's age
after the thirty fifth year of her life.

Conclusion and Interpretation

The proposed bivariate probability distribution is useful for interpreting
the observed data in respect of the later segment of the reproductive life of a
female. Such a distribution permits relatively larger degrees of freedom for the
same duration of observational period.

The estimate of m obtained in the present model is 0.401, which is in
agreement with the value of m obtained by Srivastava and Singh (1989) for the
same group of females. Also, the proportion of fecund females (i.e., a;) at the
average age 35.5 is found to be 0.710, which is also similar to that obtained by
Srivastava and Singh (1989). The pattern of estimates is the same.

When a; is equal to one, the estimates of a; and a,, obtained here, indicate
that about 16 percent females remain fecund at the end of the observational
period, which is higher than that one obtained for the females of the same age
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group by Srivastava and Singh (1989). The higher estimates of fecund
proportion may be due to the fact that it corresponds to the females of age 41.5
instead of 42.5, to which reference has already been made.

In the end it may be concluded that the estimates based on either of the
two models - the univariate and the bivariate - presented by Srivastava and
Singh (1989) and in this paper may be approximately equal.

Table : Observed and expected bivariate distribution of the number of live birth
to Females of age 40-45 years during six years

Number of birth : Number of birth : Children surviving more than a year

Children dying Total

within a year 0 1 2 3 4
0 179 99 65 16 0 359

0 A 179.00 99.11 65.94 12.31 0.24 | 355.60
A, 179.00 99.79 67.76 11.60 0.20 | 355.35
0 11 20 3 3 37

1 Al 15.14 22.61 8.19 0.41 46.35
A, 11.85 23.64 7.75 0.34 46.58
0 3 5 0 1 9

2 A, 1.94 1.73 0.20 0.00 3.87
Ay 1.81 1.64 0.17 0.00 3.62
0 0 1 1

3 A, 0.12 0.06 0.18
A, 0.11 0.34 0.45
0 193 125 68 20 0

Total A 196.20 | 123.51 73.33 12.72 0.24 | 406
A, 195.77 | 12241 75.68 11.94 0.20

Note : In each cell, A; and A, denote the expected frequencies according to the
present model and Singh's model (1978) respectively. Calculated values of
are

: 2.2066 with 3 d.f. for the proposed model
: 2.9869 with 4 d.f. for Singh's model (1978)
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