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Abstract

China’s one-child policy has often been criticized for exacerbating its gender
imbalance. Although such criticism implies that the gender imbalance should
improve significantly once the one-child policy is removed, experiences of other
countries with similar gender imbalance and no mandated fertility limit suggest
that this conclusion should not be accepted without closer examination. Conse-
quently, this paper examines the effects of allowing parents to have two children
on the gender ratio. Specifically, we build a model of parental decision-making,
in which parents choose between letting nature decide the gender of their child
and manipulating the birth process to increase the likelihood of obtaining a son,
and identify the optimal behaviors in this framework. We investigate the equi-
librium level of gender imbalance under both the one-child and the two-child
policy settings and show through a series of examples that the gender imbalance
need not improve under the two-child policy.
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1 Introduction

Researchers have long cited China’s one-child policy as an important contributor to
its persistently high gender imbalance (Zeng et al. [19]; Banister [2]; Das Gupta [5];
Hesketh and Xing [16]).] Although these earlier works did not attempt to formally
establish causality, the prevailing view has been that the fertility limit imposed by
the policy, combined with a strong preference for sons, leads parents to manipulate
the birth process to obtain a son.?2 More recent works by Ebenstein [9] and Li et
al. [14] have sought to establish a direct link between the one-child policy and the
gender imbalance. Li et al. in particular attribute about 54% of the increases in
(male-to-female) gender ratios for the 2001-2005 birth cohorts to the one-child policy.

At first glance, these findings suggest that the gender imbalance should improve
substantially as China moves toward a two-child policy, as recently announced by the
Chinese policymakers.> However, such expectation deserves a closer examination
since countries without a one-child policy, such as India, Vietnam, and South Korea,
have also experienced similar gender imbalances (Guilmoto [11]; Park and Cho [15];
Chun and Das Gupta [4]). Notably, South Korea experienced a dramatic rise in its
gender ratio at birth from 107.4 in 1983 to 116.5 in 1990 and an equally dramatic fall
back to 107.7 by 2005, all during which the fertility rate remained below two (Chun
and Das Gupta). Therefore, even though low fertility rates, in conjunction with son-
preference, may be driving gender imbalance, it is not clear at the onset whether
relaxing the fertility limit from one to two will make a significant difference.

Intuitively, if there are no constraints on the number of children that parents can
have, then a son-preference would not necessarily lead to a high gender ratio. For
example, if preference for sons takes the form of “desire for at least one son,” and
parents satisfy their desires by continuing to have a child until a son is born, then
the gender ratio will be balanced rather than being skewed toward boys. In contrast,
a binding constraint on the number of children, whether imposed by a policy or by

LAccording to the censuses conducted by China’s National Bureau of Statistics, there were 113.8
male births to every 100 female births in 1990. The figure rose to 119.9 in 2000 and then declined
slightly to 118.1 in 2010. Normal gender ratio at birth ranges from 105 to 107 (Hesketh and Xing).

2As noted by Das Gupta et al. [6] and Ding and Zhang [8], one important source of son-preference
in China is its cultural norm, which dictates that a married couple’s primary elder care duty is to the
parents of the male spouse.

3In November 2013, the CPC Central Committee loosened the one-child policy by allowing couples
to have two children if at least one of the couple is an only child.

4To simplify the argument, assume that the probability of producing a boy or a girl is equal. Let
E[#B] and E[#G] be the expected number of boys and girls that are produced by a couple following this
rule. Then, letting Prob(g1...g,) be the probability of having n children, with the gender of the k-th
child being g, we have E[#B]=1 and

E[#G] = (0)Prob(B)+(1)Prob(GB) + (2) Prob(GGB) + (3) Prob(GGGB) + (4) Prob(GGGGB) + - -
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child-rearing costs, creates an incentive to manipulate the birth process to obtain a
son before the constraint is reached.

When the constraint is one, this incentive induces a simple behavior. Those with
strong enough desire for a son manipulate the birth process and the rest do not. How-
ever, the incentive generates more complex behaviors when the constraint is two.
Some parents may manipulate both of their births, while others never manipulate.
Some may let nature decide the gender of their first child but manipulate their sec-
ond birth if they did not obtain a son. Still others may manipulate first, and then let
nature decide their second child. The proportions of parents switching from manip-
ulating, or not manipulating, under the one-child policy to these and possibly other
behaviors ultimately determine whether the gender imbalance will improve. There-
fore, this paper builds a model to explore how parents’ gender-manipulation decisions
change with the policy, and we show through a series of examples that gender ratio
need not improve under a two-child policy.

Theoretical work on gender preference has been limited. Two notable studies in-
vestigated the effects of gender preference on fertility and investments in children
(Davies and Zhang [7]) and on economic development (Zhang et al. [20]) but not the
manipulation decision itself. Therefore, these works simply assumed that parents
have perfect control over the gender of their children. Kim [13] relaxed this assump-
tion in his analysis of the effects of gender selection on fertility by letting the gender
of a child be random if parents do not engage in gender selection. Nevertheless,
Kim’s model still assumes that gender can be perfectly selected through the use of
gender-selective abortion. Ebenstein [10] provided a model of fertility choice under
the one-child policy in which parents incur a fine for having more than one child.
In the model, parents have access to a gender-selection technology that is costly but
perfectly effective. Ebenstein assumed that parents want a second child only if their
first child is a girl and showed that gender imbalance worsens as the fine for excess-
fertility increases or as the cost of gender-selection technology decreases.

In contrast to these earlier works, we build a model of manipulation in which suc-
cess in gender selection is never guaranteed. We take this approach for two reasons.
First and foremost, gender-selective abortion is illegal in China, and healthcare work-
ers are not allowed to reveal the gender of a fetus to the parents. Therefore, parents
attempting to engage in gender-selective abortion may fail to find a doctor who will
acquiesce to their desires. Second, although gender-selective abortion has received
the most attention from scholars, anecdotal evidence suggests that other methods of
prenatal gender selection that are of controversial effectiveness are also widely prac-
ticed in China.’? Consequently, we assume that parents have a choice between using a
natural birth process, which produces a boy or a girl with equal probability, or manip-
ulating (more precisely, attempting to manipulate) the birth process, which increases
the likelihood of giving birth to a boy.

Given the intensity and pervasiveness of son-preference in China, a key question
that arises is not why manipulation occurs at all but why it does not occur more

5For example, methods that rely on the timing of conception appear popular. However, studies on
their effectiveness are inconclusive (Harlap [12]; Wilcox et al. [18]).



frequently.® One obvious answer is of course cost: manipulation is costly, so only
those who value a son more than some threshold level will manipulate. However,
cost cannot be the entire answer since it alone cannot satisfactorily explain why the
gender ratio appears to have plateaued around year 2000, even as income continued
to grow and the cost of manipulation presumably decreased through improvements
in medical technology.” Indeed, both China and Korea’s experiences seem to indicate
that there may be a natural brake that dampens parents’ desire to manipulate as
gender imbalance grows and that the observed gender ratio is an outcome determined
by the interaction between these two opposing forces.

To capture this aspect, we introduce a marriage market into our model as a coun-
tervailing force against manipulation. Specifically, we assume that, all things being
equal, parents derive a higher intrinsic utility from a son than a daughter. At the
same time, however, parents also receive a higher intrinsic utility from a child who
successfully marries than from a child who fails to find a mate.® Since the likelihood
of a son marrying successfully decreases as the proportion of males in the population
increases, a high gender ratio tempers parents’ desire to manipulate. Thus, a par-
ent’s utility from having a child is determined endogenously by a combination of the
parent’s intrinsic utility and the gender composition in the child’s generation.

Because gender composition depends on the choices of all the parents, the par-
ents’ manipulation decisions are interdependent on each other. Therefore, we look
for an equilibrium at the societal level, in which every parent’s decision is optimal
given the choices made by the other parents, and study the resulting level of gender
imbalance. We show that an equilibrium level of gender imbalance, at which the in-
trinsic preference for a son is exactly balanced by the son’s lowered prospect in the
marriage market, always exists under the one-child policy and provide a simple nu-
merical example. We then relax the one-child policy and allow parents to have up to
two children, assuming that parents discount the utility from a second child. Focus-
ing on the case in which every couple ends up having two children, we show that an
equilibrium exists and provide comparative statics results. We also extend the exam-
ple given for the one-child policy to the two-child case and numerically show that the
gender imbalance can actually worsen under the two-child policy even when parents
discount a second son more heavily than they would a daughter if they already have
a son.

This may appear surprising at first since it seems as if gender imbalance should
moderate under such scenario. For example, one may have expected that when par-
ents have two chances at having a son, some of the parents who would have ma-
nipulated under the one-child policy would now be induced to use the natural birth
process for their first child and then, depending on the outcome, decide whether to

6See, for example, Arnold and Liu [1] for an empirical study on the intensity of son-preference in
China.

7See footnote 1.

8Both anecdotal evidence and academic research indicate that Chinese parents go to extraordinary
measures to make their son more marriageable. For example, Wei and Zhang [17] showed that parents
increasing their savings in a “competitive manner” to make their son relatively more attractive in the
marriage market accounts for about half of the rise in the household savings rate during 1990-2007.



manipulate their second parity. Such a switch in behavior would moderate the gender
imbalance. However, if parents discount a second daughter more heavily than a sec-
ond son, then the opposite switch can also occur. Because manipulation is not guar-
anteed to produce a son, some of the parents who would not have manipulated under
the one-child policy may now manipulate their first parity (then decide whether to
manipulate their second parity based on the outcome) to reduce the chance of ending
up with two daughters. As we show in the example, additional boys who are produced
by this preemptive switch can push the gender ratio above the one-child-policy level.

Our model is closely related to Bhaskar [3], who uses a similar framework to
study the welfare implications of son-preference and gender selection in the presence
of “marriage squeeze.” However, although both models use the marriage market as
a damper against gender selection, the nature of the equilibrium differs significantly
in the two. Because parents are homogeneous in Bhaskar’s model, equilibrium can
only occur when every parent is exactly indifferent between manipulating or not.
This makes the equilibrium inherently unstable since the slightest deviation from
the equilibrium gender ratio triggers either everyone or no one to manipulate. In
contrast, parents are heterogeneous in our model, and the additional utility they
receive from having a son over a daughter, or vice versa, varies among the parents
at any gender ratio. Thus, a gender ratio that is lower than the equilibrium induces
more (but not all) manipulation while a higher ratio induces fewer (but not zero)
manipulations, and the equilibrium gender ratio constitutes a stable point in this
dynamics.

The remainder of the paper is organized as follows. Section 2 presents the model
of parents’ decision making under the one-child policy. Existence of a unique equi-
librium and comparative statics results are established, and a numerical example
is given. Although the parameter values for the example has been chosen to match
China’s current gender ratio at birth, their main purpose is to provide an example
that will serve as a benchmark throughout the paper, and the qualitative conclusions
of our paper are not affected by them. Section 3 considers the two-child policy. We
first investigate initial responses to the policy by extending the one-child policy exam-
ple to the two-child case and providing additional parameters of the model for which
the gender ratio improves initially. We then show that a unique equilibrium always
exists under the two-child policy and provide basic comparative statics results. We
also show numerically that, for the parameters given in the previous example, the
gender imbalance is made worse in equilibrium. Section 4 concludes. All proofs are
given in the appendix.

2 One-child policy

We consider a large population 2, which consists of parenting couples who give birth
to exactly one child.? The children, who are all considered to be of the same genera-

9We will be assuming that Q is uncountable. This technically requires that Q is a part of a measure
space (QQ, %, i), where & is a o-field containing all the subsets of QO of interest and fi is a measure
with i(Q) = 1. So, for example, the terms “number” and “proportion” of couples in set A means [i(A),



tion, will grow up and either successfully marry someone in their generation or fail to
find a mate. Let ME and Sg denote couple i’s intrinsic utility, net of any child-rearing
cost, from giving birth to a boy who will eventually marry and who will remain single,
respectively. Similarly, M é and S 6 denote the intrinsic utility from having a girl who
will marry and who will remain single. To reflect the preference for sons, we assume
that M} = M}, > S% = S/, for all i € Q.

Couples decide simultaneously whether to manipulate the birth process (m) or
not (n) when they are having a child. If a couple does not manipulate, then the gender
of the child is determined according to the natural process, which for simplicity is
assumed to yield a boy or a girl with equal probability. If a couple manipulates, then
the probability of giving birth to a boy is increased to pp € (%, 1), while the probability
of producing a girl is reduced to pg =1-pp.

Let r = (rp,r@), where r is the proportion of gender g children in the population.
We call rp / rg the gender ratio and rg / rp the inverse gender ratio. We assume that
the probability of finding a mate for a child of given gender is

25(r) = min {9, (r—G)e} and 7g(r) = min {9, (r—B)e},

re rg

where 0<0<1. Whenrg <rp,

rpxnp(r) = rpx

r—G)e = ra = ro xma(r).
rB

Similarly, rq x tqg(r) = rg x ng(r) when rg < rg. Thus, the mating probabilities satisfy
the requirement that the expected number of boys and the expected number of girls
who find their mate are the same. Moreover, the probabilities have the desirable
feature that they increase (weakly) as the proportion of the opposite gender increases.
When the gender ratio is one so that the boy and the girl populations are balanced,
the probability of finding a mate is 6, and the expected fraction of the children who
will fail to find a mate is 1 —6. Therefore, 0 represents a friction parameter for the
mating process.

Let rl = (r%,rg), where rfg is couple i’s belief about the proportion of gender g

children in the population. Then, given these beliefs, the couple’s expected utility
from giving birth to a gender g child is

ul, = Mimg(r)+ 8y (1-n40),
and the expected utility from taking action a € {m,n} is
i i i
Uy = PBlaUpgt DPGlalgs

where pg|, is the probability of producing a child of gender g for action a.

assuming that A is measurable, and the term “every couple” means “except for couples in a set of
measure zero.”



It is easy to see that a couple will manipulate the birth process if and only if the
expected utility from a son is greater than from a daughter:'°

ul, > ul, < ppuh+1-ppluy > Tub+iul
1), i 1y, i
= (pB=3)up > (PB-3)ug

— ujig > uz; (1)

Let ‘ . ‘
;. (M +(1-0)S;)-Sp

¢ (6ML+(1-6)SL) S

To clarify Vé, suppose that the couple could choose the gender of their child. Since 6
is the highest possible mating probability, 6 M g +(1-06)S é is the maximum possible
expected utility obtainable from a child of gender g. Utility Sg is the maximin utility,
the best possible utility the couple can guarantee themselves, and hence serves as a
reference utility level. Therefore, Vé is the ratio of the maximum utility gain (relative
to the reference utility) that is possible from choosing a girl to the maximum gain
possible from choosing a boy. For this reason, we interpret Vé as an index of daughter
value.

Given our assumption that M% = M é > Sé > Sf}, the daughter-value index is
always less than or equal to one. It equals one when M g =M 6 and S é; = Sg, that is,
when the couple is indifferent between a son and a daughter. It decreases as intrinsic
utility from a daughter decreases or as intrinsic utility from a son increases.!’ The
following lemma, obtained by further simplifying inequality (1), shows that parents
will manipulate the birth process if and only if their daughter-value index is less than
their belief for the inverse gender ratio.

Lemma 1. We have '
l
. r
= V; < G
1

s

~.

i
Uy, > uy,

Proof. See Appendix. O

Following the rational expectations principle, we define an equilibrium in this
model as a situation in which every couple’s belief is consistent with the actions of the
population. This requires not only that all the couples have the same belief but also
that the actions of the couples given this belief generate an expected inverse gender

10We assume that when couples are indifferent between manipulating and not manipulating, they do
not manipulate.

LTt is easy to see that Vé is increasing in M & and Sé and decreasing in Mfg Since
sign(0V) /05y ) = sign |- (M} +(1-0)S} - S +0 (oML, +(1-0)S}, - Sk ))
= sign(-Mj+0My +(1-0)S}) = (-),

it is also decreasing in S J‘é.



ratio equal to the belief. An immediate consequence of Lemma 1 is that the inverse
gender ratio cannot be greater than one in equilibrium. If it were, then everyone will
choose to manipulate because the daughter-value index is always less than or equal
to one. However, this in turn will induce the expected inverse gender ratio to be less
than one, leading to a contradiction.

Before defining the equilibrium formally, we first normalize the utilities by setting
Mé =landS é; =0 for all the couples so that each couple can be identified with their
utility profile, (Sg, M é).lz In the remainder of the paper, we assume that the utility
profiles are distributed continuously in

Q = {(Sp, Mg)€[0,11x[0,1]: Mg > Sg},
which is the upper triangular area in figure 1.

Our normalization simplifies the daughter-value index to (6M, é - S]ig) /(60— BSg) .
Thus, the condition for manipulation given in Lemma 1 can be restated as a linear
inequality in two variables:

. OM:, - Si ri . ri 1 r .
ul >yl —= —G B oG <:>Mé<—(.;+ -G Sp. (2)
6-6S} rh re \0 g

Condition (2) implies that, given any common belief r = (rg,rg), the set of couples
who will manipulate is given by the area

1
An(r) = {(SB,MG>eQ: Me < r—G+(5—r—G)sB},
rB

and the set of non-manipulators is given by

r 1 r
An(r) = {(SB,MG)eQ: Mg = —G+(———G)SB}.
rp
Figure 1 illustrates these sets using the parameter values from Example 1 below.!?
The manipulators occupy the region closer to the main diagonal line because that is
where the utility from a single son is close to the utility from a married daughter,

which indicates low daughter value.

In general, the relative sizes of the two areas do not necessarily reflect the pro-
portions of the manipulators and the non-manipulators since the proportions also

12This is without loss of generality since a couple’s action choice depends only on their own daughter-
value index and their belief. To see this, let Mfg and Sé, be the original utilities, and let Mfg =

M-St Mi -Si)| and S% = (SE - §i Mt -S| be the normalized utilities. Then
(11} =5/ (31~ S§;) ana 5} = (8 -85) /(1) -85)
My, +(1-0)S5, -8 9(“é—SE)Hl—O)(S‘é;—Sé;)—(S%—Sg] 0M+(1-0)S] -8k

OMp +(1-0)Sp -Sp 0 (M} - SL)+(1-0)(S - SL) - (S, - S%,) OM +(1-0)SL - L

13Since Mg < 1, the maximum possible value for Sg in A, (r) is found by

l—r(;/rB

r_G+(l_"_G 1-7G/"B
1/9—!‘(;/7'3.

)SBSI <~ Sp <
rB 0 rp
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Figure 1: Manipulators and non-manipulators.
6=1and rg/rB =0.844.

depend on the distribution of the utility profiles among the population. That is, let-
ting f be the joint density function for (Sp, M) and [i(A) be the mass of couples in
region A, the proportion of couples choosing action a is given by

1a(r) = [(Ag(r) = f f(Sp, M) d(Sp, M).
Ay(r)

The expected proportion of the boys in the next generation is

PB(r) = PBUM(N) + () = PBUR () + 31— tn () = 3+ (pB—3) tm(r),

and the expected proportion of the girls is

pa(r) = 1-pp(r) = L= (pB—3) m().

Definition 1. An equilibrium under the one-child policy is a gender composition r* =
(rz, rg) such that
r* = (p(r™), pa(r™)).

That is, in equilibrium r*, if every couple believes that the gender composition
will be 7* and chooses their optimal action accordingly, their choices actually induce
a gender composition equal to their belief, in expected terms. The following theorem
shows that a unique equilibrium exists if the density of utility profiles is positive
everywhere. The theorem also shows that the equilibrium gender imbalance grows
as the probability of successful manipulation increases. Interestingly, the imbalance
also worsens if the friction in the mating process increases. This occurs because a
drop in marriage probability lowers the expected utility from a daughter more than
the utility from a son.

Theorem 2. Suppose f(Sp,Mg) >0 for all (Sg,M¢g) € Q. Then a unique equilibrium
r* = (rg,rg) exists for each ppg € (%, 1) and 6 € (0,1]. Moreover, the equilibrium gender
ratio is always greater than one and is increasing in pg and decreasing in 6.

Proof. See Appendix. O



The following gives an example of an equilibrium under the one-child policy that
will serve as the benchmark throughout the paper.

Example 1. Suppose that the utility profiles are distributed uniformly in Q. Then
f(Sp,Mg)=2for all (Sg,M¢), and u,(r) is simply twice the area of A,(r). Therefore,

2
(1 - 7'(;/7‘3 )
) =1-ppy(r) =1-—F———7—,
Hm Hn 10 —ra/rs
and the equilibrium condition becomes
1-r%\2
= Lefo- -]
BT 9T (PET Y 117y
rp

Let 6 =1 and pp = 0.55. Then the above equation simplifies to

.1 0.05(1-r%) . \
rp = gt = (rp)’~045r;-005 = 0.
B

Numerically solving for the root of this equation yields r = 0.542, which means that
the equilibrium gender and inverse gender ratios are rj / ri = 0.542/0.458 = 1.184
and rg, / ry = 0.844, which closely match 1.181 gender ratio at birth recorded by
China’s 2010 census.* The corresponding A,, (r*) and A, (r*) are depicted in fig-
ure 1. O

Before proceeding to the analysis of the two-child policy, we make the following
remark on the interpretation of our model.

Remark. Although we have motivated our formulation of the endogenous utilities
by assuming that parents have consideration for their children’s ability to marry, we
need not impose this particular assumption on the model. Concentrating on the case
where the gender ratio is greater than one, we can interpret our model as one in which
the cost of raising a son is increasing in the gender ratio and leave aside the exact
source of the additional cost, though it is presumably from an increased competitive
pressure faced by males. To see this, let cpfg =M ;0 +Sé,(1—9) be the net utility from a
gender g child, which does not depend on the gender ratio. Then, assuming rg = rg,
we have
ub, = Mimh, +SL1-n) = M50 +S5(1-0) = ¢

and

ui = Mk, +Sh(1— ) = Mg(:_ze)wg

1- r—Ge)
rB

()
rg

- w2

[ ME0+S5(1-0)] -0 - SE)

rB)
rg)’

where the additional cost of raising a son, v, is increasing and concave in rg/rg. O

P -y

143ee footnote 1.
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3 Two-child policy

Suppose that the one-child policy is relaxed to allow couples to have up to two chil-
dren. To focus on the effect of the policy change on the incentives to manipulate, we
assume that the (net) utility from a second child is always non-negative so that every
couple will have a second child.!® Setting aside the timing of the policy announce-
ment for the moment, we assume that the sequence of couples’ decision making is as
follows. All the couples simultaneously decide whether to manipulate the birth pro-
cess for their first child. After observing the gender of their own child but not those
of others, the couples simultaneously decide whether to manipulate or not for their
second child. The stage in which decisions regarding the k-th child is being made is
referred to as stage k. The action taken in stage % is denoted aj, and the gender of
the k-th child is denoted g.

We model the trade-offs in the second-stage decision making by assuming that
the utility gained from a second child is discounted. Specifically, we let §g,|4, €(0,1]
be the discount factor on the intrinsic utility from a second child of gender g2 when
the gender of the first child is g1. To reflect the preference for sons and at the same
time tilt the preference toward children of mixed gender, we further assume 0p|g =
0GB > 6BB = 0g|g. In particular, couples discount a second child more heavily if the
child is of the same gender as their first child. In addition, they discount a second
daughter (weakly) more heavily than a second son.

We also assume that a couple’s belief about the gender ratio does not change after
the birth of their first child. Thus, couple i’s expected utility from having a second
child who is of gender g9 is

u;2|g1 = 6§2|§1M22”22 +6g2‘glszl§’2 (1 - ﬂ;2) = 6g2|g1u;2’
and the overall expected utility from the two children is

i _ L i . i
Ugigs = ug1+ug2|g1 - ug1+6g2|g1ug2‘

The couple’s expected utility in stage 2 from taking action ag, given g1, is

i _ i i _ i i
Uaslgy = PBlazUplg, +pG|‘12uG|g1 = DPBjay (5B|g1u3) + DGlay (5G|g1uG) >

and the expected utility from taking action a1 in stage 1 and then ap in the second
stage if the gender of the first child is B and aq if it is a girl is given by

i ol i i
Ugiagag = Ya; T PBlailgy g T PGlailyg G-

Although we are ultimately interested in the equilibrium behavior under this
two-child policy framework, we begin by investigating how the population will re-
spond initially to the policy. To that end, Subsection 3.1 assumes that the policy is

15We make this assumption to facilitate the analysis. However, unless there is a reason to suspect
that parents are more likely to stop at first parity after having a daughter than a son, removing this
assumption should not change our central conclusion that the gender ratio may not improve under the
two-child policy.

11



announced after all the couples already had their first child and that the couples re-
act without changing their belief about the gender ratio. This allows us to restrict
attention to the optimal second-stage strategy, which is given in Lemma 3.16 Theo-
rem 4 establishes the condition under which gender imbalance will improve initially,
and Example 2 provides the parameters for which this happens.

Subsection 3.2 then assumes that the policy is implemented before the couples
had their first child and uses the optimal second-stage strategy identified in Subsec-
tion 3.1 to investigate the equilibrium. Lemma 5 characterizes the optimal overall
strategy, and Theorem 6 establishes the existence of an equilibrium, which is unique,
and gives basic comparative statics results. Example 3 shows that the gender ratio
can worsen under the two-child policy if the value of a second daughter is sufficiently
lower than the value of a second son.

3.1 Initial response

Suppose that the two-child policy is announced after the couples already had their
first child. Then a couple’s only remaining decision is whether to manipulate the
birth process for their second child. Let

;,_ S (6M}, +(1-0)SL) - 6B, Sk

UEL " 51, (OME +(1—0)SE) - 8B4, %

be an index of discounted daughter value. The following lemma shows that a couple’s
optimal action in the second stage may depend on the gender of the first child but not
on the action taken in the first stage. Moreover, the optimal action is determined by
whether the appropriate discounted daughter-value index is smaller or larger than
the couple’s belief about the inverse gender ratio.

Lemma 3. Given belief ri, couple i’s optimal strategy in the second stage takes the
form apag, where ag, is the action choice if their first child is of gender g1. Moreover,
it is given by

mm if VélB < i
_ v el i
agag = nm if leG < o = leB
. ]
] t > e
nn if Vd|G =
Proof. See Appendix. O

As the lemma shows, agag = mn is never optimal. This follows from our assump-
tion on the discount factors, which favors children of different genders. For example,
any couple whose preference for sons is high enough to manipulate even after having
one boy will certainly manipulate if they had a girl instead since their desire for a
boy is reinforced by their desire for a child of different gender. Therefore, mm can be
optimal but not mn.

16By strategy, we mean a plan of actions that specifies what a couple will do in each contingency.
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To graphically represent the optimal second-stage strategies for the population,
we again set M =1and S;; =0 and obtain!’
ri 1 i) .
G G i

g

. ri . 6B|
Vi <8 — M < 24
dlg: i

3)
rB @ 6G|g1

Let A q,(r) be the set of couples whose optimal second-stage strategy given common
belief r is agag. Then Lemma 3 yields the following.

) 1
Apm(r) = {(SB,MG)Egi Mg < BB r—G+(——r—G)SB },
6g lre \O0 rB
) 1
App(r) = {(SB,MG)Eﬂt BB r—G+(——r—G)SB < Mg
oge lre \O0 rB
0 1
OBG TG ——r—G)SB },and
Ogig LB 0 rp
1) 1
Ann(r)z{(SB,Mg)EQ:MG Zﬂ r—G+(——r—G)SB }
bgig lrB \0 rp

Since % <1< %’ inequalities (2) and (3) imply that A,,,,(r) is a subset of

A, (r)and A,,(r) is a subset of A, (r). That is, of the couples who manipulated under
the one-child policy, those with strong enough son-preference will manipulate again
whether they already have a son or not, while the remaining couples will manipulate
if and only if they have a daughter. Similarly, of the couples who did not manip-
ulate under the one-child policy, those with high enough daughter value will never
manipulate in the second stage, while the remainder will manipulate if they have a
daughter. To summarize, let AalaBaG(r) = A4, (r)NAgzaq(r) be the set of couples who
chose a1 under the one-child policy and whose optimal strategy for their second child
is agag.'® Then Lemmas 1 and 3 partition the population into A ,upm(r), Amam (),
A, m(r), and A,mn(r), with

Ap(r) = Ammm(r)UAmnm(r) and A,(r) = Annm(r)UAnnn(r)

Figure 2 depicts these regions when the couples maintain the equilibrium belief
r* given in Example 1.1° As in figure 1, the area below the dashed line represents the
couples who manipulated under the one-child policy, and the area above represents
those who did not. The solid lines further divide the population according to their op-
timal second-stage strategy. Figure 2 assumes 0p|g = 0g|B = 1 so that son-preferences
are not exaggerated. The figure further assumes dgp = 0.8 and dg|g = 0.5. As the

17We have

i i
r_G+ l_r_GS
r% 0 r%

18We use tildes in the notation here to denote that a; is not necessarily the optimal first-stage action
under the two-child policy since it was chosen prior to the announcement of the policy.

0G1g19M —0Blg, S

ri i ri . op
4 = B<—G<=>Mé< le1

Vi < —
d .
g1 051, (0-68}) rh 8G1g;

r

19The figure is discussed further in Example 2.
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figure illustrates, there are no couples choosing nn in this case; that is, every couple
manipulates if they had a girl.

1r— " ——
. Apnm (r ) -~
e | ———
B A (1)
0.675

Mg Ammm (r*)

0 Sg 0772

Figure 2: Optimal strategies in the second stage.
0=1,0p6=0gB=1,06BR=0.8,0gg=0.5,and ra/rg =0.844.

The ex-ante probability of having a boy as a second child is pp for couples in
Apmm(r) and pTB +(1-pB)pB < pg for those in A ,,,,().2° The probability is % for
couples in A, ,,,(r) and ‘—i + % > % for those in A, (7). Therefore, letting g, aza (1) =

[ (AalaBaG(r)), the expected proportion of boys among the second children is

PB,(") = (PB) mmm () + (52 + (1= pB)PB) mnm ()
+ (%) Mnnn(r) + (% + %)ﬂnnm(r)- 4)

Thus, whether the gender ratio improves relative to the one-child policy depends
on the number of couples choosing nm who manipulated under the one-child policy
versus those who did not.

Theorem 4. Suppose that the two-child policy is announced after the couples had
their first child, and the couples react to the policy without changing their belief about
the gender ratio. Then the expected gender ratio decreases relative to the one child-
policy if and only if pBmam (T*) > Fhnnm (7).

This result can be interpreted in the following way. A couple using strategy mnm
will reduce the expected gender ratio among the second borns if and only they have
a boy as a first child (and hence not manipulate in the second stage), which is a
probability pp event. In contrast, a couple engaging in nnm will increase the ratio

201t PBslaiapag = PBlaiPBlag + PGlai1PBlag be the ex-ante probability of having a boy as a second
child for a couple in Ag qpaq (7). Then

1
PBolmmm = PB(PB)+(1-pB)pg = pp > PB(§J+(1—PB)IJB = PBylmnm>
11,11 _ 1 _ 11,1
and  PByjnnn = 33+33 = 3 < 23T 2PB = PBylnnm-
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if and only if they have a girl (and hence manipulate in the second stage), which
occurs with probability % Thus, the expected gender ratio will improve if and only if

DPBHmnm (1) > %,Unnm(r*)-

The following example, which continues Example 1, provides one set of parameter
values for which the expected gender ratio improves initially.

Example 2. Starting from equilibrium r* = (0.542,0.458) found in Example 1, sup-
pose that the two-child policy is announced, and the parents react without changing
their belief that the inverse gender ratio will be 0.844. Suppose further that the
discount factors are 6pjg =0gp =1, 6pg = 0.8, and dg|g = 0.5. Then

Apmm (r*) = {(SB,Mg)eQ: Mg < 0.675+0.125Sp},

A nm (r*) = Am(r*)\Ammm (r),

Apnn (r*) = {(Sp,Mg)eQ: Mg > 1.689+0.311Sg} = @, and
Anm (r*) = A, (r*)\A,mn (r*) = A, (r"),

which are illustrated in figure 2. Calculating the mass of each set yields tmm (r*) =
0.521, tmnm (r*)=0.323, tnnn (r*) = 0, and pppm (r*) = 0.156. Since

(0.55) tmnm (r*) = 0.178 > 0.078 = Ly, (r*),

Theorem 4 implies that the expected gender ratio among the second borns will im-
prove.

Indeed, we have

B, = PBHmmm (7'*) + (% +(1_pB)pB),Umnm (7‘*) + %,unnn (7‘*) + (% + pTB),Unnm (7'*)

(0.55)(0.521) +(0.523)(0.323) + (.5)(0) + (0.525)(0.156) = 0.537.

Thus, the expected gender ratios among the second borns and all the children are,
respectively,

0.537 rp+r 0.542 +0.537
"By _2%°0 _ 1161 and B2 - = 1.173.
rg, 0.463 re+rg, 0.458+0.463

Therefore, we have an improvement in the gender imbalance compared to the one-
child policy. O

3.2 Equilibrium response

Now, suppose that the two-child policy is announced before the couples have their
first child. Equivalently, we may suppose that the policy is being applied to a new
generation of couples that has the same distribution of utility profiles as the original
population. Because Lemma 3 shows that the optimal action in the second stage de-
pends on the first-stage action only through the realized gender of the first child, the
timing of the policy announcement does not affect the second-stage decision. How-
ever, a couple’s first-stage decision must now take into account its consequences on
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the second stage. That is, given second-stage strategy agag,
Umagae > Unapag < PB (u% + u;BIB) +(1-pg) (ua + u;G|G)

1(,1 i 1(. i i
> i(uB"'uaBlB)"'E(uG"'uaGlG)

— uf3+ule|B > ug+uiG‘G. 5)
Therefore, a couple will manipulate in the first stage if and only if their expected
utility from having a boy plus the utility from the action they will take after having

a boy is greater than their expected utility from a girl and the action they will take
after having a girl. Simplifying inequality (5) yields the following result.

Lemma 5. Suppose that, given belief r', apag is the optimal second-stage strategy for
couple i. Then mapgag is the overall optimal strategy if

i i
'a |1 Tg|ai
rl 6 1
B
Otherwise, napag is optimal. Moreover, mnn is never optimal if 6pjg = 1, and nmm
is never optimal if 6gp = 1.

- 1+ pBlapOBIB — PBlacOBIG
1+ pGlusdcic — PGladG B

Mg

Proof. See Appendix. O

If 6pjg = 1, the intrinsic utility from a boy first child is the same as the utility
from having a boy as a second child after having a daughter. Therefore, any couple
whose preference for a son is weak enough that they will not manipulate even after
having a daughter will not manipulate their first birth either. Similarly, if 6gp =1,
the intrinsic utility from a girl first child is the same as the utility from having a girl
as a second child after having a boy. Thus, couples whose preference for a girl is low
enough to manipulate even after already having a boy will also manipulate their first
birth.

Given common belief r, let Ay, qzq,(r) be the set of couples whose optimal strategy
is ajapag. Then

AmaBag(r) = {(SB, MG)EAaBaG:

1+ pBlaz®BIB — PBlagOBIG
1+ pglagdeic —PGlazdGIB

AnaBag(r) = {(SB,MG)EAaBaG:

M(;<

1
r_G+(__f_G)SB
rB

1+ PBlazOBIB — PBlacOBIG

Mg =
1+pglesdciG — PGlaz9GIB

1
r_G+(__r_G)SB
re 0 rp

L

Lemmas 3 and 5 partition the population into six regions, A ,mm (7)), Anmm (1), Amnm(r),
Annm(r), Apnn(r), and A, ,,(r), some of which may be empty. Let p4,45q,(r) be the
mass of couples in Ay, 4pq,(r). Calculating the expected proportion of boys using the
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probabilities given in table 1 in the appendix yields

pB(r) = %[(ZPBPB +PBPG +pGpB)ﬂmmm(r)+( P+ 5+ B ) tnmm ()
+ (pB +5 pB +pGpB) Hmnm(r) + ( +7 1+ pB)/Jnnm(r)

(pB + 5 pB +E¢ ),Umnn(r)"'( +3 1,1 )/Jnnn(r)]
Equilibrium under the two-child policy is defined similarly to the one-child case.

Definition 2. An equilibrium under the two-child policy is a gender composition

r* =(ry, rg’) such that
= (08 (r™), pa (r™))-

*k

The following theorem shows that a unique equilibrium always exists and pro-
vides comparative statics results.

Theorem 6. Suppose f(Sp,Mg) >0 for all (Sp,M¢g) € Q2 and dpig =0gp =1 Then
a unique equilibrium r** = (rz*,ra ) exists for each pp € ( 1), 0 €(0,1], and discount
factors 1 > 6pg = 6gig > 0. Moreover, the equilibrium gender ratio is increasing in
0B|B and decreasing in 6g|g-

Proof. See Appendix. O

As the above result shows, the equilibrium expected gender imbalance worsens
as the discount value 0p|p increases and as dg|g decreases. In fact, the following
example illustrates that the expected gender ratio may be higher under the two-child
policy than the one-child policy if g is sufficiently lower than dg|p .

Example 3. Continuing Example 2, suppose that the two-child policy is announced
before the couples have their first child. Numerically finding the solution to the equi-
librium condition in Definition 2 yields rz* = 0.543. To verify that this is indeed the
equilibrium proportion of boys, we first note that

Ann (r™) = (S, Mg)e Q: Mg = 1.681+0.3195g) = ¢.
Thus, A pnn ™) = Apnn (™) = @. Next,

= {(Sp,Mg)eQ: Mg < 0.672+0.128Sp},

Apmmm (r *

Kk

Apmm (7

)
(r**) = @ by Lemma 5,

(r**) = {(SB, Mg)€Q:0.672+0.128Sp < Mg < 0.985+0.183Sp}, and
(~)

r**) = {(Sp,Mg)e Q: Mg = 0.985+0.187Sp}.

nnm

nnm
These regions are depicted in figure 3, and calculating the areas of the non-empty
regions yields Ummm (r**) = 0.518, tmnm (r**) =0.481, and pppm (r**) =0.001. Thus,

(2pBPB *+2PBDPG) kmmm (' )+( +pGpB)#mnm(r )+ (2 + BE) i ()

2
_ (1.1)(0.518)+(1.073)(;).481)+(1.025)(0.001) - 0.543 = 1

0B (r**) —
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The corresponding expected gender ratio is

rg 0543 r
B - = - 1190 > 1.184 = £,
rq 0.457 '

Therefore, the equilibrium gender ratio is worse under the two-child policy than the
one-child policy. O

0 0.079 Sp 0.771

Figure 3: Equilibrium under the two-child policy.
0= 1, 5B\G = 6GIB = 1, 6B|B = 0.8, 6GIG = 0.5, and I‘Z;*/rz* =0.840.

Figure 3 illustrates the equilibrium behaviors found in Example 3. The dashed
line again represents the border between manipulation and non-manipulation under
the one-child policy. In contrast to figure 2, the boundary separating couples choos-
ing nnm and mnm is above the dashed line, making the intersection of A, (r*) and
Anm (r*) nonempty. This means that some of the couples who would not have ma-
nipulated under the one-child policy will now manipulate their first birth and then
use nm in the second stage, instead of starting with non-manipulation and following
it with nm. The additional boys that are born as a result of this switch is enough to
reverse the decrease in gender ratio found in Example 2 and make the equilibrium
gender imbalance even higher than under the one-child policy.

As noted above, the couples in the intersection of A, (r*) and A, (r**) will not
manipulate if they are restricted to having only one child because their daughter-
value index is sufficiently high. Moreover, as evidenced by their willingness to ma-
nipulate in the second stage if and only if they did not get a son the first time, they
prefer mixed-gender children. Despite this, however, they will manipulate their first
birth if they know that they can have two children. This is driven by our assumption
that 6g|q = 0.5 < 0.8 = 6|, which, all other things being equal, makes the value of a
second daughter only about 63% of the value of a second son. Since manipulation is
not guaranteed to yield a son, this is enough to make the couples want to manipulate
their first birth to reduce the possibility of ending up with two daughters. Although
this also increases the probability of having two sons, they find this risk more palat-
able than the risk of having two daughters.
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4 Conclusion

This paper builds a model of parental decision making in which parents decide whether
to manipulate the birth process to increase the likelihood of obtaining a son and in-
vestigates its equilibrium under the one-child and the two-child policy settings. In
addition, starting from an example that has been calibrated to match the current
gender ratio in China, we provide parameter values for which the gender ratio ini-
tially improves under the two-child policy as parents who gave birth under the one-
child policy make their manipulation decisions for their second child. We then show
that, for the same parameters, the gender ratio worsens when a new set of parents
make decisions for both their first and their second children. These results suggest
that, as long as the underlying preference for sons remains intact, gender imbalance
may not improve even when China fully implements a two-child policy. Furthermore,
even if there are some initial improvements, they may not translate into a long-term
improvement.

Although this paper is not arguing that the gender imbalance will necessarily
worsen under a two-child policy, its results do suggest that the policy makers should
not rely solely on relaxing the fertility limit to improve the gender ratio. Indeed,
our examples demonstrate that, instead of automatically moderating the temptation
to manipulate, the possibility of having a second child opens up additional channels
through which incidence of manipulation may increase. In particular, if the value of
a second daughter is sufficiently lower than the value of a second son, parents who
would not have manipulated under the one-child policy may preemptively manipu-
late their first parity under the two-child policy to avoid the possibility of ending up
with two daughters. Moreover, our example shows that this can happen even when
parents have a preference for children of mixed genders. Therefore, policies that raise
the value of a second daughter may be particularly important in improving the gen-
der imbalance under a two-child policy. For example, in addition to the policies that
have been advocated to raise the relative value of daughters in general, such as social
security system to make parents less dependent on sons for old-age support (Banis-
ter [2]; Das Gupta et al. [6]), a financial subsidy to parents with two daughters may
be considered.
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A Appendix

Table 1: Probability of having children of genders g1 g2 when taking action aiapag.

aiagag BB BG GB GG
I I I I
- B By Pa Po
e ¥ 3 2 2
B
Sl S A A s A I
mnm & B PGPB PaPG
PB pPc PB yided
nmm 2 2 2 2
mmm PBPB PBPG PGPB PGPG
Lemma 1. We have ,
. . r;}
Up > U, < V5 < —.
l
s

Proof. Suppose rg < rg. Then simplifying inequality (1) yields

i
n

i

up, > u, <= up > u’G — Mpng+Sp(1-ng) > M’Gan+S’GO—nLCQ

i ’“8 ; ’”é} i i
—> MB r_L 9+SB 1- r_l ol > MG9+SG(1_9)
B B
i [T i i i
= (oM} -05}) 2| > 0MG+(1-0)S; - S
B
OML, +(1-0)SL) - St ri
(0M, +(1-0)S%) -85 ri, ©
- - - < —.
0 +(1-6 - r
(OMp+(1-0)Sp)-Sy 3

When ré; > rfB, we obtain

i

i
Uy > Uy,

— ufg > ua — Méng +Sg(1—7r]i3) > Mén& +Sg(1 —ng)
o AT
1 1 1 1
= Mz0+8S5(1-0) > M, (r—i)0+SG (1— (7)9)
G G
o | r | e
l l l l
— Mp6+Sp(1-0) > M (0—0+ (r—L)H) +Sg (1—9+0— (r—l)e)
G G
. . . . . . r
B
= (M-ME)0+(Sh-S5)a-0) > (G- M) (9— (r—i)e).
G
Under our assumption that M ]"3 =M & > Sg > Sg, the left side of the last inequality
is greater than or equal to zero, while the right side is negative. Thus, uﬁn is always
greater than u!,. Moreover, since the daughter-value index is always less than or
equal to one, inequality (6) is also always satisfied when r‘G > rp. Thus, we trivially

have _ i _ )
ut > ul = (9Mé+(1—9)Sé)—S}’3 < i
"o (OML+1-6)S%)-SL  rh

~.
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Theorem 2. Suppose f(Sp,Mg) >0 for all (Sg,M¢g) € Q. Then a unique equilibrium
r* = (rg,rg) exists for each pp € (%, 1) and 6 € (0,1]. Moreover; the equilibrium gender
ratio is always greater than one and is increasing in pg and decreasing in 6.

Proof. To make clear the dependence of A,,;, tun,, and pp on the parameters of the
model, as well as the gender ratio, we explicitly include them in the notation now.
Thus, we use

1
A(r,0) = {(SB,MG>eQ: Mg < r—G+(——r—G)sB},
re 6 rp

U (r,0) = ff(SB,MG)d(SB,MG),
A (r,0)

1 1
and pp(r,pp,0) = §+(pB—§)(Hm(r,9))-

Fix any pp € (%,1) and 6 € (0,1]. Since p,,(-,0) is a continuous function of rg on
[2,1], so is pp(-,pB,0). Moreover, pp € (%,1) and p,,(r,0) €[0,1] means pp(r,pp,0) €
;,1]. Therefore, pp(-, pp,0) is a continuous function of rp from [%,1] into itself.
Since [%, 1] is nonempty, compact, and convex, Brouwer’s fixed point theorem implies
that there exists rj € [%, 1] satisfying r = pp(r*,pp,0). This shows that an equilib-
rium always exists.

Next, we have

= (-rgt - -rp)rg?)(1-Sp)
~ { (=) if Sp<1
0 if Sp=1.

Thus, A, (r",0) C Ay (r',0) if rly > rly. Since f >0 on Q, this implies that i,(r,0)
and pp(r,pp,0) are decreasing in rg. Suppose that we have two equilibria, r* and 7.
We can assume without loss of generality that r > 7, but then we have

rg = pB(r*,pB,0) < pB(#,pB,0) = 7B,
which is a contradiction. Therefore, the equilibrium must be unique.

As noted in the main text, the equilibrium gender ratio cannot be less than one.
To see that it cannot equal one, suppose ry = % Then r, / rp =1land 1/0 —ry, / rp =0,
s0 A,,(r*,0) = Q. This in turn means

1, . 1 1 , 1
5 = rB = pB(r 7pB’H) = §+ pB_§ (ﬂm(r 70)) = DPB > 57

which is a contradiction.
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For comparative statics, let p > pp, and let " and r’ be their corresponding
equilibria. Suppose r% < r%. Since the equilibrium gender ratio is always greater
than one, ,,(r',0) # 0. Thus, we have

= p(r',pp,0) < pp(r',pp,0) < pp(",pp,0) = rp,

which is a contradiction. Thus, 7% > r%, which means that the equilibrium gender
ratio is increasing in ppg. Finally, let 0" > 0’, and let " and ' be their corresponding
equilibria. Suppose 7 = . Then, since pp(r,pp,0) is decreasing in 6, we have

= pB(r',pB,0") = pp(r",pp,0") > pp(r",pp,0") = rj,
which is a contradiction. Thus, the equilibrium gender ratio is decreasing in 6. O

Lemma 3. Given belief ri, couple i’s optimal strategy in the second stage takes the
form apag, where ag, is the action choice if their first child is of gender g1. Moreover,
it is given by

ri
G
mm if V dlB < )
_ el i
apag = nm if V le < o = leB
rl
nn if V le > r—,G

o]

Proof. We have

uinlgl > uil|g1 <— DB (63|g1ufg)+(1—pB)(6G|g1ug) > %(6B|glu1ig) %(5G|gluG)
= (pB-3)0BIsup > (PB—3)0aIg UG

5G|g1 i
u

<=>u}3>

(7)

Blg1

Suppose u! miB > ﬁzl - Since inequality (7) implies

B ’
opp ¢ =~ opg ©

we also have u?

i
mic > Ynig Thus, for any agag # mm,

i _ i i i i i _
Ugimm — ua1+pB|a1umlB+pG|¢11um|G > ua1+pB|a1uaB|B+pG|‘11uaglG = Ugjapag*

Therefore, the optimal strategy in this case must be mmm or nmm.

Next, suppose uinl G S u; G Inequality (7) now yields

ui < (elle!
L
0BG

bgB

i i
u <u < u
G G G’
OBIB

Thus, we also have u’ miB < - This implies that for any agag # nn,

i i

I i i i i i _
Uginn = ua1+pB|alun|B+pG|alun|G = ua1+pB|aluaB|B+pG|aluaglG = Ugiapag*
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Since we have assumed the couples choose n when they are indifferent between n
and m, the optimal strategy in this case must be mnn or nnn.

i i i i
Lastly, suppose U, B<Uyp and ug> g Then

i I i i i i i _
Uginm = ua1+pB|alun|B+pG|a1um|G = ua1+p3\a1um|B+pG|a1um|G = Ugimm>

and for any apag ¢ {nm,mm}, we have

i _ L i i i i i _
Uginm = ua1+pB|alun|B+pG|a1um|G > ua1+pB|a1uaB\B+pG|l11uaG|G = Ugqagag:

Therefore, the only possible optimal strategy is mnm or nnm.

Putting all the cases together shows that the optimal second-stage strategy is
given by: . _
mm if u;nIB > u;_zIB . .
apag = { nm if u:_nIB < u;le and u;an > uZIG
nn if uian < u;|G'
Further simplifying inequality (7) yields

i i i i
Unig, > Unlg, < 0Gig1lg < OBlgiUp

1

. , (i .
= 061g, (M5O +S51-0)) < Spz, (Mge —G)Jrs%

i
Tp

r

B
8615, (MG0 +S5(1-0) ~0pig, Sy, 1
OBlg, (M0 - S50) i

5G|g1 (Mé@-f—Sé(l—@))—(Smngé < 7‘8
6Blg, (M0 +SL(1-0)) -6, Sy 14

Therefore, the optimal second stage strategy can be expressed as:

. 7 ri
mm ifV,,6 < =&
d|B r%
_ eovri rg i
apag = nm if Vd|G < = Vd|B
12
; i e
nn if Vd|G = .

o]

O

Theorem 4. Suppose that the two-child policy is announced after the couples had
their first child, and the couples react to the policy without changing their belief about
the gender ratio. Then the expected gender ratio decreases relative to the one child-
policy if and only if PBmnm (r*) > tnnm ().
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Proof. Using equation (4) and the fact that yg, (™) = taya10, %) + Haynm () yields

PB, (7‘*) <pPB (I”*) <~ DPBHMmmm (7‘*) + (pTB +pB(1_pB)) Hmnm (r*)

+(3) ttnnn (r) + (3 + Z2) tinnm (") < pBHm (r*)+ 51 (r7)

= (3+Z -3 tanm (r*) < (pB— (B +PB(1—DB))) mnm (r*)
— %(pB - %)mem (r*) < PB (PB - %)/Jmnm (r*)
— %/Jnnm (r*) < PBHmnm (7‘*) [

Lemma 5. Suppose that, given belief r', apag is the optimal second-stage strategy for
couple i. Then mapgag is the overall optimal strategy if

ri AN
—G+(———G)S;9 |
rl H 1

B

1+ PBlazOBIB — PBlas0BIG
1+pglesdcic — PGlaz9GIB

i
MG<

Otherwise, napag is optimal. Moreover, mnn is never optimal if 6pig =1, and nmm
is never optimal if 6gp = 1.

Proof. Simplifying inequality (5) yields

i i
Umagag > Unagag

i i i i
Ug+lyg < Up+iUo,p

<~

i i i i i i
< ug+PBlacOBIGUR T PGlag0GIGUG < U+ DBlagOBIBUR + PGlazOGIBUG
i i

= ug(1+palacbeic —PGlazdciB) < upg(1+PBlaydBB — PBlacOBIG)

f g

ri
1—(—?)9
T

MLO+SL1-0) <

l
s

i i
e (1 Ta|i
_.+ e SB .
rt 0 r

B B

i
1+ pBlayOBIB — PBlacOBIG M]ig r_G 0+Sg
1+ pGla0616 — PGlazdGIB

|

1+ PBlazOBIB — PBlagOBIG
1+ pGlac061G — PGla9GIB

!

i
MG<

Now, let 6pjg = 1. Then

1+308B-308G 0BG 1+16pB-3 1

1+%5G|G_%6G|B (elle]

1 1
1+§5G|G_§5GIB 5G|G
1 1 1 1
Saic +50BIBOGIG — 30q16 < 1+ 350616 —30aIB
1 1
5G|G + §5B|B5G|G + §5G|B <1 +6G|G

1o

1 1
Q‘SBlBaGlG“‘Q(SGlB < 1.

The last inequality always holds since 6pgég|g < 1 and 6g|p < 1. The first inequal-
ity implies that nnn is optimal whenever nn is optimal. Therefore, mnn is never
optimal.
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Next, let g g =1. Then

1+ pBbépB—PBOBIG oBB
1+(1-pBlogc—(1-pBlog  dGB
1+pBdBB—DPB
1+(1-pBlégic —(1-pB)
< 1+pBdép—pB > OB +(1-pB)oBBSGIG—(1-pB)OBB
< 1-pp > (1-pB)oBBigiG-

> 5B|B

The last inequality always holds since 6ggdg|g < 1. The first inequality implies that
the mmm is optimal whenever mm is optimal. Therefore, nmm is never optimal. [

Theorem 6. Suppose f(Sp,M¢g) >0 for all (Sp,M¢g) € Q and dpig =0gp =1 Then
a unique equilibrium r** = (rz*,rg*) exists for each pp € (%, 1), 0 €(0,1], and discount
factors 1> 6pp =2 6g|g > 0. Moreover, the equilibrium gender ratio is increasing in

OB\ and decreasing in 6¢|G-

Proof. As in the proof of Theorem 2, we explicitly include the relevant parameters,
pB,0,and 6 =(6B|g,0G|B,0B|B,0G|¢), in our notation below. By Lemma 5, A, (r,0,6)
and A ,,,,(r,0,0) = @ are empty. Thus,

fo) 1
Aporom(r,0,8) = {(SB,MG)eQ: Mg < 288 r—G+(——r—G)sB }
0GB LTB 0 rp
Io) 1
A (70,8 = {(SB,MG)eQ: OmiB r—G+(——r—G)sB < Mg
0B LTB 0 rp
o
L 9BG r_G+(1_r_G)SB }
O0gic LB 6 rp

Amnm(r,g,é) = {(SB9MG) EAnm(r’676):

- 1+16p5—pBOBIG
1+(1-pp)dgic — 308
Anpm(r,0,6) = App(r,0,0)\ Apnm(r,0,6), and

o, (1 re)s,

1
r_G+(__r_G)SB
rB

(J:1le]
Annn(r,0,0) = (S, Mg)eQ: Mg = ——

(elle!

B

Let E[#Blai1apag] be the expected number of boys that are produced by strategy
aiapag. The induced proportion of boys reduces to

Y EWBImmMI i (7,0,6) + EHBImnm] fmnm(r,0,6)

pB(r,pB,0,6)
+ E[#Blnnm] thum(r,0,6) + E[#Blnnn] unnn(r,9,6))
= % ((2pB)/Jmmm(ra9a6)+ (w)ﬂmnm(r’&a)

+ (3+ZpB)#nnm(r,9,5)+/~1nnn(r,9,5)) .

Fix any pg € (1,1), 6 €(0,1], and § satisfying 0 = 615 = 1 > 8p8 = 6gi > 0. For

all a1apaqg, Hajagas(-,0,0) is a continuous function of rp on [%, 1]. As in the proof of
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Theorem 2, this implies that pg(-,pp,0,6) is a continuous function of rg from [l, 1]
into itself, and Brouwer’s fixed point theorem implies that there exists rj* € [3,1]
satisfying r3" = pg(r*", pp,0). This shows that an equilibrium always exists.

Let ry >rp, and let

Apg(a1apag(r) — ajagag(r')) = (E[#Bla}agag]l-E[#Blaiapac])

% fi(Aasasac(r,0,8)0 Agiayar (,6,0))

be the change in the expected number of boys that are produced by couples who switch
from using a1apag to ajajpa;, when the belief changes from rp to rj;, weighted by the
fraction of couples who make the switch. As we have shown in the proof of Theorem 2,

0

orp

r_G+(1 r—G)SB] _ { (=) if Sg<1

rB 5_7‘3 0 if Sp=1.

Since ry > rp, this implies that Aumm(r',0,6) C Apmm(r,0,6) and A,p,(r',0,6) 2
Apnn(r,0,6). In addition, the boundary between A,,,,,(r',0,6) and A,,,(r',0,6) is
lower than the boundary between A, (r,0,0) and A, (r,0,5). Thus,

pB(r',pB,0,6) - pp(r,pB,0,6) = Apg (mmm(r) — mnm(r")) + Apg (mmm(r) — nnm(r"))
+Apg (mmm(r) — nnn(r')) + Apg (mnm(r) — nnm(r"))

+App (mnm(r) — nnn(r')) + App (nnm(r) — nnn(r')).

Since pp > %, we have
E#B|mmm] > E[#B|mnm] > E[#B|nnm] > E[#B|nnn].
This, combined with the fact that i (Ammm(r,B,é) mAmnm(r’,9,6)) > 0, yields

pB(r',pB,0,6)— pp(r,pp,0,6) < 0.

Therefore, pp(r,pp,0,0) is decreasing in rg. Reasoning similar to the proof of Theo-
rem 2 then implies that the equilibrium is unique.

Suppose 053 > BB, 0 = (0BiG,0GIB,0BIB,0GI), and &' = (6B|G,0GIB, 0, 0GIG)-
Then App,(r, 976,) =Appn(r,0,6), Apumm(r,0, 6’) 2 Apmm(r,0,0), and A, (r,0, 8) -
Annm(r,0,0). Letting

App (alaBag(ﬁ) — a'la%aé;(ﬁ')) = (E [#Blallajga'G] —E[#BlalaBag])
i (Aasapac(r,0,8) N Agiarar (,0,8)),

we have

og(r,pB,0,6")—pp(r,pg,0,5) = App (mnm(5)—>mmm(6/))+ApB (nnm(5)—>mmm(5'))
+App (nnm(6) — mnm(§"))
> 0.
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Next, suppose d,; > 0¢i6, 0 = (0B|G,0G1B,0BI1B,0GI6), and &' = (8B|¢,0G1B,0BIB. Oy )
Then Ammm(raeyél) =Ammm(r,0,6), Apnn(r, 675,) 2 Appn(r,0,6), and Ay (7,0, 5) -
Anm(r,0,0). Thus,

App (alaBag(6) — a’la%a'G(é')) = App (nnm(6) — nnn(6')) +App (mnm(@) — nnn(6'))
+App (mnm(6) — nnm(§"))
< 0.

Therefore, pp(r, pp,0,0) is increasing in 6gp and decreasing in §g|g. Reasoning sim-

ilar to the proof of Theorem 2 then implies that the equilibrium gender ratio is in-
creasing in 6p)p and decreasing in 6g|g. O
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