Chapter IV

A FERTILITY DECISION LAKING MODEL

FOR SEX PRLFERFNCES'

4.1 RATIONALE

The main purpose of tine study is to look for a suitable
model of fertility decision ﬁéking with respect to sex prefe~
rences. Such a model would measure the effects of sex preferences
on the birth rate and other current fertility indices, and would
serve as é guide in the formuwlation of national population
policies, in the light of the sex preferences that prevail in
the commtry. A number of mathematical studies, as reviewed
earlier (see Chapter IL) have examined the eitfect of séx ore—
ferences on family size. However such studies are not parti-
cularly useful for tne purpose of examining sex preference
effects on current fertility. To this end, a fertility decision

naking model has been developed in the following section,

4.2 Ti{E HCDLEL

The model to study the effects of allowing couples to
satisfy their sex preferences on fertility, can be looked upon
ag a controlled experiment. llainly two sets of current fertility
rates would be obtained, one assuming uswal rezroductive beha-

viour (where reproduction is, by and large, at toe observed

+ Some of the results of this cnapter have been published in a
paper by the present author, entitled "A Model to 5Study
Chenges in Current Fertility Under Different Sex Preferences",
Demography India, 16(2), 1987.
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level i.e. wmaffected by any specific planning - control set)
and the other with specific rules for stopping after achieving
certaiﬁ specified family size composition (experimental set).
All the input parameters except those of stopping rules will
be idenﬁical for deriving thnose two sets of fertility rates;
Phe ditference in the fertility ratesof the two sets (control
énd experimental) is a measure<of the impact of svopping rules
adopted by tﬁé couples with regard to the sex composition of
their chiléren, on fertility. To obtain fertility rate, the
analysis would be carried out in two segménts. Pne first
segment derives estimates of birth probabilities for a given

' age and age at marriage of a woman through probability model.
The second segment involves estimation of various fertility
rates frbm the age at marriage and age specific birth probabi-
lity matrices derived in the first segment. This is done
through a simple projection technique (Venkatacharya, 1972).
In the following section tne derivation of birtn probabilities
are given anc it is followed by the derivation of various

current fertility rates from tnen.

4.2.,1 Derivation -of Birta Probabilities

To derive age specific and age at marr;age specific

birth probabilities the Tollowing assumptions are made :



1.

6.

A woman is not pregnant at the time of consummation

of her marriage and continues to be in marital union
mmtil she attains 45 years of age.

There is a one to one correspondence between a concep-
tion and a live birth i.e. each conception leads to

a live birta.

The lengtia of infecundable exposure associated with a
conception is constent for all the ages of the wonmen
and does not very from woman to woman,

Couples can conceive or take decision regarding furtﬁer
fertility when the age gf the previous child bora is

a. years.

The probability that (1+1) 8 conception occurs during
the time intervael (t, t+dt), given that the i°" concep-
tion occurred prior to time point t-6 is ndt + 0(dt)
where £ > 10, n > O and zero otherwise. Here 6 = max
(G+ii, G+a}, where G is the period of gestation and M is
period of postpartum amencrriea. This sgsuaption is
equivalent to the asswuption that waiting time for a
conception after a woman becomes fecund following a
live birth or after her marriage in case of first
conception follows exponential distribution wita mean
time for conception (1/n).

Tne probability of a woman giving birtn to two chilcren

in the same year is gzero.

[N



7. Sex of ezch child is independent of the sexes of the
other children born to a notier.

8. Infant and child mortality occurs in the first a years
of life (say in the first one or two years) and later no
death occcurs among the children uwntil the couples complete
their rewroduction.

9. The probability thot a cnild born will be male is p. The
probability of twins or multiple births is zero. The
probability that a child will be a male is assuned to be
constant, end same for a1l parents.

10. ﬁx is tane probability that o woman is not sterile at
age x (and before).

11. Birth control is complete. Couples stop reproduction as
soon as the desired sex composition and/or size (in
terms of b surviving sons and g surviving daughters and/

or a total of 8 surviving childaren) are satisfied.

‘Some of tne assumptions are no doubt stromg but they may
be congidered as Iirst approxinations to tihe real wocess,
Since the present. study needs to develop a differencing model
to study the changes in fertility under different sex mrefe~
rences, fecundability (n) over age is assumed to be constant
for simplification of the model. ilowever, ﬁx is taxen as a
variable which to some extent takes care that risk of conception
varies over age x. Assumption (8) is not far fetcned; the

mortality after tne first few years is comparatively low.



Moreover, it is kept open, d can be fixed depending on the
mortality pattern of a country. The assumption (11) is meant
for fixing parameters in the experimental group where it is
assumed that a couple has a preference for = fixed minimum
number of boys and a fixed minimum number of girls. The‘fixed -
minina model also implies tha% sex preference can only increase,
not decrease, fertility (icClelland, 1983). The accuracy of the
results dgpends‘on the validity of the assumption ig 2 popula-
tion under study. Nevertheless, the present model is useful

for estimating the maximum possible impact of sex preference

on fertility.

Birth Probapilities for Control Grouv

As mentioned earlier, to measure the impact of sex
preference on fertility it is necessary to derive two sets of
birth probabilities, one assunting stopping rule and the other
without stopping rule. To obtain age and age at marriage
specific birth mobabilities in tue cbsence of stopping rules,
that is for the control group, the following procedure is

adopted 1

For the convenience of computation, tne probability of
a wonan giving birth to a child at a specific age is taken
as the probability of a woman giving birth to a child in the

corresponding year of marriage. (This is the case if the
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date of marriage and woman's birth date are almost ciose). It‘
is furthei assumed that there is one to mne correspondence
between conception and live birth and the gestation period
associated with it is constant and equal to 9 months or 3/4
year. LTne probability of occurrenceof a birth in a given year

depends on the timing of conception.

Let us consider time sequence of occurrences of births
to a woman during the reproductive period since her marriage.

Let '0!' coincide with the date of marriage, the points 1, 2,

e.e k denote completion time points of the 1st, 2nd, e... kO

1 —— —1- — P é .
year of mgrriage and tk = k14 z = k Z

S N TN TS T

o

0t 10t 2t 3 k2%, k1%, X

(Bach ar¢ denotes the duration of one year)

It may be noted taat the interval (t,_,, tk) denotes
the conception time interval for a birtn in the s year of

marriage (ty = 0).

th

Let Wk be the waiting time for the k conception and ¢ be

the rest period (6 = max(G+M, G+a)) associated with a conception.

h .
conception

The total waiting times for the 1st, 2nd, ee.e k°
from the date of nmarriage are Wl, w1+w2+e, cense WI+W2+5....

+Wy +(k~1)0 respectively.
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C

Let C ceos Ck denote respectively the events that a birth

th

1’ Tg?
takes place in the 1st, 2nd, eees k year of marriage in the
control group where & couple does not follow any stopping rule
regarding preference for sex composition and/or size of the

b year unaer the

family. A birth takes place to a woman in k?
condition that she is not sterile in the relevant period., For

canvenience of notation, the conditioning event is ignored but
to show that event is conditionzl, its probability is indicated
by an asgterik. Having obtained conditional probabilities, un-

conditional probabilities can be obtéined by multiplying them

by the relevant probabilities of non sterility.

Then,

The event that a birth takes place in the kth year

i

Oy

of marriage

(A birth of order one takes place in the kth year of

il

marriage) U
(A birth of order two takes place in the S year of
narriage) U

- - W e WY e e Gme mm M ama e mem  Mme e e e TR W em W e G e e e e e

(A birth of order k takes place in the e ‘year of

marriage)
= (A conception, leading to 1lst order birth, takes place

in the interval (t,_,» %)) U



(A conception, leadihg to 2nd order birth, takes

place in the interval (tk—i’ tk)) U

- wn e e e e S me e R W S e e e S mm S e e S S e e Y e e

(4 conception, leading to i th order birth, takes
place in the interval (tk»l’ tk))
- 1A Y

oo By g W Wy el # (k=18 + W < tk]

1[ By W+ Hy 4 eeee B (mm1)0 + W < th

I

It
i

Where,

WO = 0.

In other words, the event Ck can be written as

k
g, = U ¢C
k m=1 k,m
whexe Ckgm =[_Ek-1 CW + W+ eee v W +(m-1)6 + Wy < tk}
and C,_ cees O, are mutuzally exclugive events in view of
L,l ﬂ’.k

assumption (6).

Since Wl’ Wéy soeee Wk ere independent identically distri-
buted exponential random variables with parameter n, Wy o+ Wyt

ceee W follows gamma distribution, given by its probability

density

-

k
I X Gkl x> 0

Ik

0 Othnerwise

f(x;k,n) =



wherethe parameters k and m are both positive.

Thus,
e 3 ¥
P(C, )= ¥ Pr.(C
(C) = = Pro(0 )
« . - :
= milPr.[ tk_1<¥‘1l+wz+ ...+Wm~1+(m—l)6+ﬁm<tk ]
k
= mil Pr.[ tk—l --(m-—-:}.)(5)<zm<‘t:k ~(m=-1)6 :I

where, Zm = Wl-t-W2+ svee :i-Wm.

r

il

z*(ok)

where, r = T q ~(m-1)8.
For r > O +the term Pr. [ Zm>r ] is evaluated as follows

®
Pr.[ Zm>r]: fr f(x;m,n)dx

©w m e
.—.f b1 x"ﬂ"leﬁkdx

Y (m

m o
_ T [ % -1 ~ﬂx] _
fﬁ T

]
PL.[‘zm>tk_l -(mrl)e} - Pr.| 7>t -(==1)8 ]

-
-

i To avoid confusion between P¥ and P in the ecugtion,

Pr. is used ingtesd of P
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o
T m-1 ST T h x(m—-l)-—l T ax

(m-1)1 (o1 r.

L
_ e (nr [ 1
= 1)1 + Pr, In.__1_’>:L'J
_ mgl e (np)? the cumulative mrobabi-
- 1 !
n=0 = lity upto (m~1) of the

Poisson distribution with

nealn w1,

Similarly,
[ m=-1 e~1t(r+1) { ( )*;n
Pr.l Z2_ > r+1 ]: X o b 1 O & 0 .
u n=0 n: ‘( j

Therefore, the probability of a woman giving birth in the

th

k year of marriage in the control group is given by

T
P*(Ck) = £ Pr.ir < Zm < AI‘""‘.&.}

|
|5

m=1
where,
oI
ey I I - -T2 l\ y
mL g (ar)® g P L) Crpe)) i o
« ! "t
n=0 ni n=0 p¢3
m—l "’TC(I"Tl) { 1
Pr.{r<z <r+1]= 1- 1 = {%Ar+1)3 if r<O<r+1
hii} n=0 n:
0 if r+1£0 .

In the above expression

[
=
1
I [

T= oty - (m~1)6, 6 = max{G+a, G+ii) anq Ty
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"1t should be hoted that k does not exceed 45-y, where
j‘is the age at marriage of a woman. In fact, for k > 45y,
P*(ck) = 0. It may be recalled that probability of a women
giving birth to two children in the same year is assumed to
be zero. Therefore, the maximum number of children by the
kjh year of marriage is k. This éssumption however can be

relaxed easily. In that case, the maximum number of chi\_ldfen

by the x year of marriage is k/G.

The birth probabilities derived above are in fact
conditional probabilities with the condition that a wounan

is not sterile. To get the unconditional birth probability

th

of a woman in the k year, of her uarriage, ndmely P(Ck)

it is necessary to multiply P*(C,) by the relevant probabi-
lity for non~sterility of the woman. Thus, since ﬁx denotes
the probability thet a woman is not sterile at age x the

c

uconditional birth probability, I

for a wonan of e
Ly - i

x who married at age y 1is givem by

A) - &
| B(C) = Tey P*(cx_‘wl)px
Whel‘e X = 15, 16, LICCIE S 44
¥y= 15, 16, PP 151 (assuming that z21)l women get

married by 35 years of age)

and x2 ¥.



The mgximum age at marriage is assumed to be 35 years, consi-
der;ng the marriage pattern in India. The assumption can be

relaxed and y can be allowed to go beyond 35 (years).

Birth Probabilities for Experimental -Group

To obtain the corresponding age and age at narriage
specific birth probabilities in the experimental group, tae

following procedure is =adophed.

Let E, (5(b,z,s)) be the event that a birth takes
place to a woman in tne kﬁh year oi marriage in tne experi-
mental group where a couple is assumed to adopt schene
S(b,g,s) of preference for sex and/or size. is per schene
S(b,gss), @& couple will stop remoduction as soon &as they
have b gsurviving sons and g surviving daughters or a total
of s surviving children (s > b+g > 1; b,g > 0). If a couple
will stop remroduction as soon as they nave b surviving sons
and g surviving daughters (no limit on total family size 's')
tne scneme is denoted as S(b,g,.), and if a couple will stop
reproductioﬁ as soon as they have a total of s living children
(no sex preference), the sciheme is denoted 28 S(eyeyS)e

In order to derive tne probability of giving birth

-

ne k% yéar, P(Ek(s(b,g,s))) = P(Ek), it is necessary

ct

in
to mderstand first the cheances of not achieving desired

. . . . . _ th .
sex composition and/or sigze in the (k1) year or belore.
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Probability that at parity m there are u boys and
v girls who survived at least first o years of tneir life,

and the rest (m-u-v) are non-surviving children, is given by

m Bu-v

Iﬁ(u,v,gz,qa) = uivi(mu-v)!

py 9 (1-p, - ;)

where p,  is the probability that child born is a boy and he
survives the first @ years and qa is the corresponding

probability for a female child. They are given by

p, = (1~6 )p end q = (1~€,)gy

where p is the probability that child boran is a boy,

q is the probability that child born is a girl,
5 is the probability that the child does not survive
\ first o years, given that it is a male child
and € 1is the probability that the child does not swrvive

first a years, given that it is a female child.

Let D be the event that desired level in terms of b surviving

sons and g swviving daughters or in terms of s total living
th

children is not achieved by the couple at the nm parity or
before. In other words, for m » min(s, b+g)
D, = [among the m children born the number of boys surviv

is less than b, tne number of girls surviving is
greater than or equal to g and the total number of

chilaren surviving is less than s ]U

ng
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[Among the m children born the number of girls survi-
ving is less than g, the number of boys surviving is
greater than or equal to b . and the total number of.
children surviving is less than s }U
[Among the m children born the number of boys survi-
ving is less than b, the number of girls surviving is
less than g and the total number of chilaren surviving
is less than s ].

Matnematically, the event Dm can be written in terms
of Xm’ the number of surviving sons and Ym’ the number of

th

surviving daughters at the m parity, Bs

sz[)gn<b, sz_g, Xm+Ym< st
[ 20 4 <gy X+ G, < s U
fxm< b, X < g, X + L <s
1

(¥ <Ce,b<x < s-—Ym]U

-
Xy by T <y X+ T < s:}.

n

=[x <b,ely <

It may be noted that usually s > b+g and in this case

[Xm<b’ Ym< g,xm+Ym<s]={}gn< b,Ym< 8].

Therefore, the probability, P(:Dm), that desired level in

terms of b and g or s is not achieved at the mth parity or



before, denoted by Qm(b,g,s), is given by

Qu(bsgs8) = P(D) =

where,

g-1

v=0

b-1

U=0

1 if
F1+F2+F3 if
s—u—1 ( )
z P (uy,vep.,y q if
veg m a? g
if
g-v=1 .
uib I&(u,v,pa,qa) if
if

min(g~1,s~u~1)
z

v=0

i

Ih(uyvvpa:qa)

[11e]
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< min(s,bt+g)

2> nin(s,b+g)

if b1 and g1

if b=0 or g=0 .

In the experimental group, if a couple is assumed to

continue rerroduction wntil it zchieves the desired level in
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terms of b surviving sons and g surviving daughters (without
any limit on the total living children) the event D, obviously

needs to be modified to derive the formulae for Qm(b,g,.).

" Similarly, if a2 couple is assumed tq stop remproduction as soon
as it achieves the desired level in terms of 'g' ftotal living

_children (irrespective of the sex of the living children) the

event Dm needs to be modified to obtain the formulze for

Qm( .y -,S)'.

Let Hﬁ be the event that the desired level of b
surviving sons and g surviving daughters is not achieved by

th

%he couple at the m parity or before.

In other words, for m 2 Db+g
H, = [Xm<b, sz_g} U [Xmg_b; Ym<g~]U-[Xm<b, Ym<g] i

Therefore, the probability, P(Hm), denoted by Qm(b,g,.)

is given by

1 if m < b+g
Qm(b’gs ') = P(Hm) =
Fi+Fé+Fé if m > b+g
where,
b1 ., m-u
2 ) ;
=0 veg P (u,v,p 4a, ) if by 1
1
F, =



g~1 n-v ( ) |
z L P (u,v,p ,q ‘ ifgx 1
v=0 u=p B~ TTe’e
t
F2 =
0 if g =0
b1 g1 ( )
L % P (u,v,p ,4q_ if b21 and g1
u=0 v=0 & ea .
L 4
ES =

0 if b=0 or g=0 .

Let Tm be the event that the desired level of 's' living

th

children. is not achieved by tne couple at the n parity or

before.

In other words, for m > s
Tm:::[)[m-i- Y < s] :
Therefore, tne probability, P(Tm); denoted by Qm(.,.,s) is
given by
1 if n < s
Qm(Oy"s> =P(Tm> =
s-1

z 2m(u,v,;a,qa) ifm > s
u+v=0
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1 g ifm< s

- s-1 S=U=~1 ( \ )
% b P (u,v,D ,Q ifm2> s
w=0  v=0 = @ a

(Note: s=0 is meaningless)

Now the derivation of P*(Ek)(and P(Ek)), the cénditional

(and wconditional) probability that a birth takes place in
tne kth year of marrisge of z woman in the experimental

group, is simiiar to that of P*(Ck) (ang P(C:\) in the control

group .

In order to find P*(Ek(s(b,g,s))) it is noted that

= foed 1. . o
E, = C, [t0<.vl<t1] , where ty = O

i

and for k > 2

E, = [1';1{_.1<W1<‘bk] U

k-1
[EJ iﬁ&fwfwf'“‘ﬁﬂwfﬁ“t%ﬂﬂm]'

o=l

The event Rm is Dm’ hm or Tm dependlng on the scheme
of preferences S(b,gss), S(b,gye) o S(+y.o5) adopted by the
couple. These events and probtabilities of their occurrence
have already been discussed in the preceding section. It is

now possible to obtain P*(El) and P*(Ek) on tne same lines
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as P*(Cl) and P*(Ck) are derived. The final expressions for

P*(El) and P*(Ek) are gshown in the following.

Under the condition that all fecund women are exposed
to the risk of conception and the couples adhere to stopping
'rule S(b,2,s), the probability of & woman giving birth in the

1st and the kﬁh year of marriage are given by

and for k > 2

E*(Ek) = Pr.{:tk_1<wl<tk] +

1
1 Pr. [tk_l<w1+w2+ e +wm+l+me<tk] P(Rm)

k-1 - -
={e"’”ik-—1)}(1—e"“) + zl Pr. [r'<zerl <r'+1] Q -
o=

A

\

In the above expression

"t _ — 7 = ar a7
r' = tk-l mo and Zopq = Wit weee +W . 0

where Wl, Wz, ceve wm+1 are independent identically distri-~

buted exponential random variables.

i

It is further noted taat Q is Q (b,g,s) or Qm(b,g,-)

or Qm(.,.,s) depending on the scneme of preference adopted

N
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by the couple. They are known from the mresentation made in
the preceding section. The formulae for Pr.[r'<zm+1<r'+1]~
in the above equation can be derived on the same lines as

Pr.[r<zm<r+1] is derived for the control group. Taoerefore,

, n
m ehur{jﬁr')n _ m e—ﬁ(r'+1) [ﬂ(r’+1>lu

z L
if r©0
. e |
Pr }:r <z Ned -r17~ 1~ lf C( “) [“(r'*l)] if r'<{Kri+l
n=0
0 if r*+1<0

Where, r' = tk-—l -~ md and 6 = max(G+i, G+a).

Substituting t, = k - 3/4 in the above expression for
P*(Ek), the probability of a woman giving birth in the o

vear of marriage in tne experimental group can be obtained.

Further, f‘; , ‘the unconditional birth probability

that a birth takes place to a woman of age X who married at

age y in the experimental group is gziven by

£© = P*(E

X,y x—-y+1)5x

15, 16, es s ey 4:4

i

where, X

15, 16, seee, 35

ey
It

and X2 ¥y .
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4.2.2 Derivation of Current Fertility Rates

Having obtained the estimates of age at marriage and
age specific birth probabilities under control and various
' éex preference assumpt;ons, ?ne corresbonding fertility rgtes
during 1981 and their trends in the next fifteen years are
derived. The cwrent fertility indices mainly\considered_are
Age Specific lMarital Fertiiity.Ratg (ASLIFR), Total Larital
Pertility Rate (THFR), General Marital Fertility Rate (GMFR)
and Crude Birth Rate (CBR). For this purpose, it is necessary
to derive the currently married women by their current age at
each future year., This is done by projecting the single year
currently married women in 1981 into future years, by making
use of appropriate joint survival ratio and taking into account
new entrants through marriage at eacir year. The details of
obtaining currently married women by current age in a give%

" year are described below.

To project tne currently married woumen (aged 15=-44

tue following assumptions are made : ,

1

karriage is assumed to be wniversal and no remerriage

1.
is considered. The age specific marriage probabilities
(my) are assumed to correspond to the patitern shown in

‘Table 5.2 (Chapter V).

2. The level of mortality for males and females is assumed

to correspond to the eg snown in Table 5.3 (Chapter V),

P

N

X



5. To obtain the joint swvival ratio of a woman in
married state, it is assumed that age differential
between husband and wife is & years. liaking use of

eg for the concerned period (see assumption 2), the
single year survival ratios for males and females

(Sﬁ and Si) are first obtained from the results of

a paper by Sinha (1972) which jrovides complete life

, tables based on Coale and Demeny's Model (West) Life
Tables. Appropﬁiaté joint survival ratio (Sﬁf) is,
obtained as Sﬁf = Si S§g5 (x = 15, 16, eceey 44).

4, The ratio of newly married woumen in a year to the
currently married women of the age group 15-44 in the
preceding ‘year, is assumed to be constant throughout
the mrojection period., This ratio is estimated to be
around 5.5 percent from the census data of 1971 and
1981 (see Chapter V for details).

5. Tne proporﬁion myzof women marrying at a particular age
¥y in a year to all women that got married during the
samelyear, is assumed to be constant throughout the
projection period. Under this assumption, in tue year J

¥ =P (a newly wed woman in the year J is of age y)

y

:my'

The 1981 census has revealed that the population of

India is 685.185 million as on 1st:garch 1981. Further, the



total number of currently married females in the age group
15-44 is reported to be about 115.776 million. The quinque~
mial age distribution of the currently married females based
on five percent sample data (Govt. of India, 1983) is used to
derive single year age distribution (see Table 5.1, Chapter V). .
To project the 1981 single year currently married females
(in the age group 15~44) at eaca future year, the following

procedure is adopted.

Let Wi = whe nunber of currently married women aged X
in the J'2 year (J = 1981, 1982, e.... 1996)°
cm = the total number of currently mérried women
in the age group 156-44 in the Jth year
(W = i W),
x=15
and  E) = the number of new entrants through merriage

into the currently married group at age x in

thne Jth year.

In view of zssumptions 4 ana 5 mentioned earlier, we
have
= (0.085) Wt m
Therefore, tihe number of currently ma&rried women age X in

the Jth year is given by

wJ wJ' EJ .

-1 x&l
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This procedure is repeated from 1981 onward to obtain
age specific currently married women for each of the years

during 1981-96.

Computation of Various Fertilitvy Indices

e

Given the constancy of birtn probabilitvies fx v oxr
' ]
c X . " . s .
fx y Over the time as well as of tie corresponding probabi-~
b

lities (my) of marriage (under assumption 5), the single year
age specific marital fertility rate (F,) is not supposed to
show variation over the years and is tnerefore independent of
J. So is the total marital fertility rate (T ). However, tue
ASMFRs by five year age groups, the GHFR (G°) or crude birth
rate (derived later in the section) may be expected to very,
depending on the extent of changes in the population age-
composition over time., The single year ASKFRs (Fx) as well as
THFR (T), derived from F,, are independent of J and can be

obtained by

F, = P(a married woman of age x gives birta to a child)

35
X P(4 woman of age x gives birth to a child and

¥=15 the woman was married at age y)

min(x,35)
= f = 15 6 eo e 44
y—i]ﬁ X,y my (x s 10, » )
44
and T = B .
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VWhere my = Probability of a single woman marrying at age y
”X y = Probability of occurrence of a birth to a woman
? N
given that she is aged x end is married at age y.
Note that £ is either f? or £° depending on the

Xy K ¥ XY
group (control or experimental) for wiiich the fertility rates

are to be obtained.

It - is now possible to dérive various other measures
of current fertility. The absolute number of birtas to the
. . . th
currently married women aged x in the J year can be

obtained as

I _
v) = vf; F, (J = 1981, 1982, eeee. 1096)

and the absolute number of births to the women in the age

th

group 15-44 in the J & year czn be obtained as

44 44
¥ o= 3 bi: % wf{ P
=B X=10

Where,

W

X

1}

Number of currently married women aged X in

the year dJ.

Relating these birtis to currently married women,
. - . J s ol . ;
general marital fertility rate (G ) as well as A5:4FRs in the
5 A X J‘ . . .
conventional five year age groups (5FX) for tihe control and

experimental set in a given year J can be obtained.



J 44 44

= X - x W/ w‘; ,  (J=1961, 1982.... 1996)
W x=i5 %=15

SRR SR (x = 15,20,25,30,35,40)

5x 5x/ 8°x ! X F 0,EY00,90,99,2

Where,
4
g% g ‘
5%% = % Ori .

3
% ‘
i
=2

A

be
Renmarks: Tue above results can also/used to estimate Gross -

Reproduction Rate (GRR) and llet Reproduction Rate
(NER). GRR is a slight modification of the total
fertility rate. Lue only distinction is that the
numerater of the GhR is based on female birtns
instead of total births. The NRR also uses the age
specific female birth rates; however, it is based
on the survivors of a cobort rather than on a
conort without mortality (The cohort is taken
directly from a Life Table). .

It is also possible 1o estim@te thne birth rate of tiue
population under the different sex preference and stopping
rule assunptions for the Jth year., To do this Tae mid;year
population for ihe Jth year is reguired as the absolute
number of births in the J°2 year is already imown. In obaer
wérﬁs, the mid-year population for eacn of tThe year 1981,

{

1982, sse.. 1996 is required. For this the derivation of

f
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total population at eacn future year during 1981-1997 is
necessary. This is done by simply projecting the 1981 census
population by age and sex into future years, by making use

of appropriate survival ratios which are again selected vith
the help of the assumed level of male and fenale eg of the
respective period (see assumption 2}. Further, in future years
tne births which take place during a year under a particular
fertility assumption, are to be added to swrvivors of the
previous year's population. For this, tne use is made of the
absolute number of births in each calender year obitalned
through the present birtn probability matrices, and they are
distributed by sex assuming the sex ratio at birth to be 105
males per 100 females. The enumerated population of 1981
census is taken to be the population at the beginning of

1981. Therefore, after knowing the povulation -at the begimning
of each year during 1981-1997, the mid-year population during
each of the years 1981-96 can be obiained and hence the birth
rate. Denoting by Im and ?{D the population. a2t the beglnn-

~

ing and tne miaale or the calender year 1, we have
3T oo+ e (T = 1981, 1982 .... 1996) -
Then the birth rate can be obtained as

BT = vt/ BT

Where ﬁT is tne number of births in the calender year T.



- 4.3 EXTENSION OF THE MODEL

4.3.1 Independent Effect of Sex Preference

The decision making model resented in the meceding
section (4.2) measures . the combined effect of sex preference
and child mortality on the level of current fertility, rathner
than just the effect of sex preference. This is because model
takes into acgount mor tality among children. This implies that
couples coptinue reproduction wtil the minimum desired number
of surviving children by sex is achieved. The considération of
mortality is vital in the study of sex pfeference, since desired
family siée composition conceived by couples is witn -reference
to living children and not live birth. Tnerefore, assumptions
regarding infant and child mortality make the model more reali- )
stic and such a modael would be more useful for policy makers ‘to~
understand the implications of allowing couples to attain a
specified number of living children of each sex on the level
of current fertility, although the moael, as such, may not

reveal the independent eifect of sex preference.

The basic approach to obtain just tae effect of sex
preference, is the same as that used in the section 4.2. In
this regard, the derivation of age and age at marriage speci-
fic birth probabilities in the control and experimental‘group
is similar to that of P(Ck) and P(Ek) respectively in section

4.2.1. The only difference is that wnile framing the stopping



‘rules regarding sex preference in the experimental group, .
the section 4.2.1 considered mortality among the children
born., This is . not considered nere. However, the correspond-
ing formulae of P(Ck) and }?(Ek) for. the present one can also
be dérived from the results presented in section 4.2.1. The

later procedure is followed here.

It may be recalled that waile computing the probability
‘Qm(b,g,‘,-) of not achieving a desired family size composition
at the attained parity m or before in section 4.2.1, mor’tality
among children born was considered. I mortality among chil~

dren-ig ignored, the value of the parameteri%ill reduce to

ZEeTO0, that is, a = O, cSa = 0 and Ga = 0.

Then in the expression

: ‘ m!
Pp(wi¥yRy 09, ) = g (=-u-v)

D-u=v '
qOL) 1

u v
Py 9o (1=Fy-
P, =Py 9, =q &nd m = utv s0 that

m u U
E (u, m-u, p, q) = wf (m-u) ! P ’

-

Then for m 2> b+g, -the event
g = [Xm<b, Ymg_g] U [)%lg_b, Ym<g] U[Xm<b, Ym<g:\
is infact Exmw, sz_g] U[xmz’o, Ym<g] .
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The event Hm Ccan also be written as

S H = {Xﬂéb] U[ Xm<g] because
[Xm<b]C[Ym->—g] for m > b+g
and [Ym<g] - [ym > b] .

Therefore, tne probability, that a couple will not achieve
the sex composition of b sons and g daughters at parity m

t
or before, denoted by Qp (b,g), is given by

1 if m < b+g
H N
Qm(b’g) = 5
F(m,p,b) + F(m,q,g) S ifm 2> btg
where
o - if b= 0
F(m,p,b) =
b1 —
P ooy 2O if by 1
g wi(z=ull
0 if g2=0
and Fm,q,g) =
&1 m! v _m-v if
Lo Vimvr P Texd -
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Note that s, the limit on tne total number of children, is

ignored. This will be taken care of later.

Since oo = 0, 8 = max(G, G+i) = G+l. Replacing vhe
t
values of Qm(b,g, .) by Qm(b,g) and ® by h = G+4 in the
formulae for P*(Ek) in section 4.2.1, the probabllities of

a woman giving birth in the 1st and tne kth

year of marriage
(for k > 2) in the experimental group are derived (under the
assunption that the couples adhere to stopping rules as per

new scheme S'(b,z,s) of sex preference).

' —
P*(E)) = 1- ¢ ny

and for k > 2

P*(E, ) ={e“‘“%c-1)}(1—e”“) +

min { k=1,s-1" [ o (0.2)
z Pr.r.<2 {r +1] b,g
m=1 1" m1771 m

where

, n
n e "1 (nx, ) n e—n(‘fl)ﬁc(r +1)]
5 RAR 1
n! 0 n!

n=0 =
if :c'1 > 0

n
m e’n(rfl)[ﬂ(rl-i»l)]
Pr. ri<zm+l<r1+1] =41 - nio

= if r1_<_0'<:cl+1

0 ) if rl+1_<_0 .
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In the above expression

r, =1 - mh, h = G+, ¥

) 1 = ¥k - 3/4 and Tgeq = WitWo+

k 2
es o +Wm+1 9 Where ng W’zy sery ‘ﬂm+1 are ll’ldependent identi—

fically distributed exponential random variables.

A

Remerks :

(1) It may be noted that 's! is introduced under the
summation to put an upper limit on the total number
of children (live births).

(2) If a couple has a particular sex preference say b sons
and g daughters but no upper 1limit on the total number
of children, the above formulae can still be used by
taking s large (say 50).

(3) When a couple has no particulér sex preference ang
wishes to stop reproduction with s chiléren, the
above formulae can be used with the modification tpat

H
Qm(b,g) = 1 for all m.

The birta probabilities derived above are iunfacd
conditional probabilitlies witn the condition that & wonan
- - . - > - = 3 !
is not sterile. Tne unconaitional birth probability, f; ¥
b

for a woman of age x who married at age y is given by

P(E,) = £8' = me(m )
STk T tx,y T (Ex~y+1’ﬁx
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where, ﬁx is the probability that a woman is not sterile

at age X 3

X = 15, 16, soeve 4:4;
Y = 15, 16, ceese 35;

and X 2 y.

Let C; be the event that a birth takes place to a
wonan in the kth year of merriage in the control group
where a couple is assumed to follow no stopping rules
regarding adoption of any particular sex composition and/or

size of the family.

The corresponding derivation of P*(C;) (and P(C;))

in the control group is similar to that of P*(E;) (and
P(E;)) in the experimentel group. Tne only difference is
tnat Q;(b,g) is not required to be considered in the control
group. However, the formula for P*(CL) can be derived from
the results of exerimental group where b and g can be taken
very large so that Q;(b,g) = 1 for all m, and s is also taken
large enough to remove its effecﬁ on the sumnation in the
formuwlae for P*(E;). This is because it is assumed tnat there
is'no limit on b, g or s in the control group. Thus one can
obtein the formulae for P*(C;) and P(C;) fron I*(E;) and
P(E;) by taking Q;(b,g) = 1 for all m, with s assumed large.

These probabilities can be rewritten as
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k 1 ' ]
P*(Ck) = 3 Pr.[rl< Zy < T+ 1

m=1
where,
t 1 n
— t - t
m-1 e "1 (nrl)n m-1 e n(r1+1)[ﬁ(ri+1£}
z - Z ;
n= n! n=0 n!
1
if Ty > O
' ' m“"l € ~elr +l>[ iz *'1):} ) ' 1
Pr.[?1<zm§ri+%1= 1- 2 I if rlgo<r1+1
=0
1
0 if ry+1£0
In the above expression
W L. - el ).
Zm '?1+W2 seve +WIH’ I'l - bk_l (Ll 1)11,

h = G+i; and b, = k - 3/4 -

N 1
Further, the uwnconditional birth probability, fi y for a
3
woman of age X who married at age y in tne control group

~

is given by

o) = £S5 - (e
K s x5

where x = 15, 16, ecee. 443

= 153 16, esacve 35;

vV «
!

and X Ve
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' and fe'
1 ¥ Xy

under control and various sex preference assumptions, the

Having obtained the egtimates of fi

corresponding fertility rates can be obtained by replacing
c e c! e : § . oo
fx,y and fx,y by fx;y anéJ fzqy in the various indices

of fertility (such as F_, T, ¢ and B') in section 4.2.2.

Difference between the fertility rates of control and experi-
nentel sets is a measure of the impact of sex preference on

current fertility.

4,3.2 Heterogeneity of Sex Preferences

The decision making models presented in the sections

4,2 and 4.3.1 assume that the sex preferences witiin the

population are homogeneous. In other words, if all couples
wish to have b sons and g daugaters and are allowed to
achieve the desiied minimum, its effect on current fertility
can be examined from fhe results presented in the previous
sections. if individual mreferences vary and are allowed to
achieve their respective desired uinimum of each sex, its

'
over all eifect on current fertility can be measured by the
same declilsion making model with the procedure suggested
below.

of
Suppose schemes S;, 55, «.... and §; /sex preference

are followed by P(Si), P(SB), eee.. and P(SN) mroportion of

couples respectively, so that
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P(Sl) + ?(sz> + eeens + P(SN) =1
Using the notations adopted earlier, the probability of
occurrence of a birth to a woman in the experimental group,
given that she is aged xand is married at age y (y < x), is

given by
£5 (8) = B(E)) = B(B.(81)) B(s;) + B(E(S,) B(s,) +
cecssees t P(EK(SN)) P(SN)

where X = xy+1, and P(EK(Sl)}, P(Ek(sz)), ecesees and
P(EK(SN) are the conditional probabilities of a woman

giving birth in the experimental group.

Derivation of P(Ek(sl)), P(Ek(sz)), ceees and
P(Ek(SN)) in the above eguation are similar to that of
P(E,) in section 4.2.1 when couples adhere to scheme 811 Sg

ceses and Sy respectively. Therefore,

e Al e e Eot c‘
fx,y(ﬁ) = fx,y(sl)P(sl) + Ix’y(sg)P(ug) F ececaseae

e
* fx,y(SN)P(SN)'

; e e . ; X

Replacing fx,y by fx,y(s) in section 4.2.2, the

corresponding fertility rates for the experimental group
can be obtained. These fertility rates are now compared

with the rates derived earlier for the control group. The
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difference is the measure of the overall effect of sex pre-
ferencegson fertility in a population where individual sex

preferences varye.

4,4 REMARKS .

The entire work has been programmed For computer
analysis. As mentioned earlier, data from India have been
utilized to illustrate the various models developed in this
chapter, the results of which are presented in Chepters VI
and VII., However the results of the model illustrating the
overall effect of sex preferences on fertility (for a given
set of values of the parameters) are not presented in either
of these two chaplters, but are deferred to @hapter Vill in
order to avoid duplication of tne same. Similarly, the dis-
cussion on the index IMRR is also presented only in Chapter
VIII. The various input parameters used in the models are

discussed in the chapter that follows.



