Appendix: a simple son-preference model

Our aim was to construct a model which captured the essenaesoi-preference tendency while being simple
enough to be amenable to analytical investigation. To this e began by considering the following hypothetical
scenario: a particular community, characterized by anagenumber of children per family, all exercise an
innate desire for a male offspring according to the rule taatilies which reach (or exceed) some critical number
of children,n, invoke medical intervention if necessary to ensure théast one child is a boy. This is formally
specified through the following (conditional) probabildgsignments.

The probability that a couple hd$ children, given that the average across families, i taken to be a Poisson
distribution:

ANe=A
P(N|A) = —7— (1)
for N = 0,1,2,3,.... In the absence of any gender bias (or identical siblingsj, \w&ith the natural chance

of a female birth being, the probability of a couple withiv children havingG girls is given by the binomial
distribution:

N! _
P(G|N, p,no bias) - p¢(1-p)"C (2)

T GI(N-G)!
forG=0,1,2,..., N and0 < p<1. The well known result about the mean of a binomial distidouteads to the
useful formula

N
E(G|N, p,no bias) = Z G P(G|N,p,no bias) = Np 3)
G=0
for the expected number of girls, with the correspondingrégfor boys beingV (1 —p). The final ingredient
of our universal son-preference model, and the one whiclmeeits essential character, is the proposition that
medical intervention is invoked if necessary to ensureastlene male offspring if the total number of children in
a household reaches a certain thresheld;his means that

P(G|N <n,p) = P(G|N,p,nobias) @)

but a procedure is used to ensure thattffechild is a boy if N > n and the firstn — 1 births have all been girls;
no further bias is assumed fof > n.

The expected number of girls in a family under this model, svhgien A\, p andn, can be calculated by using
standard results from probability theory. From the pantitiheorem, for example,

E(G[A\,p,n) = Y E(G|N,p,n) P(N|)) ()
N=0

where the conditioning oA has been dropped from the first term in the summationpaarttin have been omitted
(as given) in the second, for simplicity, due to their irkelece forG and N respectively. Whild@ (N | \) is defined
for all natural values ofV by egn (1), the expected number of girls is only specified¥et n by eqns (3) and (4):

E(GIN<n,p) = Np - (6)

To evaluate eqn (5), therefore, we must ascer&i&| N >n,p). The easiest way of doing so is to consider the
couples withV children that would naturally have had all girls for the firsdf them, for they will now have one
less girl than they would have otherwise (th@ child having to be a boy). Since they constitute a fraciérof
the relevant families,

E(GINZ=n,p) = Np—p"- )



Hence, eqgn (5) becomes
E(GApn)=p Y NP(N[A) — p" > P(N|A)- (8)
N=0 N=n

The first summation on the right-hand side is simply the medmnevof N for the Poisson distribution of eqn (1),
namely), while the second is constrained by probability normaigrat Thus,

E(G|A,p,n) = Ap —p”ll —e My ﬁ] : )
N=0 "'

Finally, the sex ratio at birthR, of the expected number of boy®) to the expected number of girls can be
calculated through

(B|/\7p7 n) _ A— E(G|)\,p,n)
(GIA,p.n) E(G|A, p,n)

where the fact that the average number of children per faimilys plus girls, is\ has been used in the numerator.

(10)

E
R =
E

The proportion of couples invoking gender selective irgation,¢, is given by
A = )‘N
B i (11)
N=0

and follows from the probability that a couple will haveor more children and that the first— 1 of them will

all be girls. Strictly speaking, this assumes an IVF-typacpdure to ensure that thé" child of such couples is

a boy. If it is based on ultrasound sex-determination andegient abortion, it could be argued that only about
half the fraction given in egn (11) actually engage in geoidier. In that case, half of them will have to abort for a
second time, and half of those for a third time, and so on, smenthat thein'® child is male. Since the sum of
the geometric series

¢ = p"!

p+p2+p3+p4+...:ﬁzlforp%O-E), (12)

egn (11) is a good measure of the number of sex-selectiveguoes in either case.

As the fertility rate decreases, the proportion of childlesuples increases. Taking them out of the intervention
equation, the proportion of parents invoking a gender sigkeprocedurey, is related to eqn (11) through

¢

1—e™? (13)

P =

with A> 0.

Incorporating a male-oriented stopping rule

Demographic studies have shown that a higher than expeodgodmion of couples with three children have two
initial offspring that are of the same gender. The sex seemsaiterial in Western cultures, but is predominantly
female in the case of Asian families. Such observationsratieative of a desire for a male offspring in Eastern
cultures, whereas Western societies display a preferemtefing a child of each gender.

Although Indian couples with two girls may be more likely tg &nd conceive a third child than those with a male
or mixed gender pair, in the hope of having at least one bagyvitl not of itself lead to any imbalance from the



natural ratio of around06 boys for everyl 00 girls at birth. The latter requires some actual interventmensure
that the additional offspring is of the desired gender. We nonsider a modification of the above model to mimic
the male-oriented stopping rule.

The difference between the earlier analysis, and the oreepted below, hinges on the significance of the inter-
vention thresholdp. Previously, this represented the child order at which aersalective procedure was used
if all the offspring had thus far been female. Such an intetie is now invoked for théast child in a family,
when all the other offspring are female, but only if the orafhe final birth,/V, equals or exceeds Technically,
following the binomial assignment of egn (2), this means tha

(14)

. _ pN=1 for N>n,
P(intervention N, p,n) =

0 otherwise.

Using the marginalisation and product rules of probabitlig fraction of couples that will invoke a sex-selective
intervention is then given by

¢ = P(intervention\,p,n) = > pN T P(N|)) (15)
N=n

where) is the average number of children per family. For the PoisBsitnibution of eqn (1), this sum yields

p= [ew—nZl (Ap)N] - (16)

|
p = N!

As explained below, this intervening fraction can be ralatzectly to the ratio of the expected number of boys to
that of girls at birth through the fertility rate:

_Ro)\+¢

r==—5 (17)

whereRy = (1—p)/p ~1-06 for p=0-486.

On average, each couple hashildren. Of these)(1—p) are expected to be boys aig girls. If the probability

of a gender selective interventiongs this will result in¢ p fewer girls and, correspondingkyp more boys. The

boy-to-girl sex ratio at birth will then be

A(l-p) +ép
Ap—¢p

Equation (17) follows readily. It can easily be rearrangdaourse, to express the intervening fraction in terms of

the ratio of the expected number of boys to that of girls ahkdnd the fertility rate:

R = (18)

(R—Ro)\

1+R (19)

¢ =



