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1 Introduction

The real exchange rate (RER) is one of the most important relative prices for most economies. It is
also often a source of international tension - witness the intense controversy over the Chinese exchange
rate policy. Yet, our understanding of its determinants is still incomplete. This paper proposes a
Darwinian determinant of the real exchange rate that we argue should play an important (but still

neglected) role in understanding global exchange rate patterns.

For concreteness, let us reflect more on the international controversy about the Chinese exchange
rate, although the mechanism proposed in the paper should be relevant for many other economies that
share some common features with China. The Chinese real exchange rate is widely believed to be
substantially undervalued. Relative to the purchasing power parity (PPP), the exchange rate appears
to be undervalued by 40% or more. The standard narrative attributes this pattern to government

interventions in the currency market.

However, this narrative is only correct if one has already taken into account all the important
structural determinants of the real exchange rate. In this paper, we investigate one such determinant
that is missing from the standard approach to assess the equilibrium exchange rate. In the alternative
narrative, the appearance of the real exchange rate undervaluation is an outcome of an imbalance in
the sex ratio in the pre-marital age cohort that began around 2003 and has become progressively worse
since then. The Chinese exchange rate policy only became a source of international tension since 2003,

and we will argue that the timing is not coincidental.

The sex ratio imbalance itself starts from some technology and policy shocks, unrelated to the
nominal exchange rate policy. The initial technology shock in the new narrative was the spread of
ultrasound B machines in China since the 1980s that allowed expectant parents to easily detect the
gender of the fetus and abort the child they did not want. 1985 was the first year in which half
of the local (county level) hospitals acquired at least one such machine (Li and Zheng, 2009). The
initial policy shock was the implementation of a strict version of the family planning policy (popularly
known as the "one-child policy") that severely restricts the number of children a couple can have. By
interacting with a long-existing parental preference for sons, the combination of the two shocks started
to produce an unnaturally high ratio of boys to girls at birth from the early 1980s, and the sex ratio at
birth became progressively worse as the use of ultrasound machines became more widespread, and the
enforcement of the family planning policy tightened over time. Around 2003, the first cohort born with
an excess number of males was entering the marriage market. The competition for a marriage partner
by young men became progressively more fierce since then. In 2007, the sex ratio for the pre-marital
age cohort (5-20) was about 115 young men per 100 young women. This implies that about one out

of every nine young men cannot get married, mathematically speaking.

Our theory predicts that a rise in the sex ratio in the pre-marital age cohort can lead to an
appearance of an undervalued exchange rate relative to the PPP. This happens through both a savings

channel and a labor supply channel.



How would a rise in the sex ratio imbalance trigger a significant increase in the savings rate
starting from about 20037 The key is to recognize that family wealth is an important status variable
in the marriage market (other things equal). As the competition for brides intensifies, young men and
their parents raise their savings rate in order to improve their relative standing in the marriage market.
(Of course, any complete story has to investigate why the behavior by women or their parents does
not undo the competitive savings story. This we will do in the model. In addition, we will argue that

the corporate savings will also go up in response to a higher sex ratio.)

When the economy-wide savings rate rises, the real exchange rate often falls. To see this, we
recognize that a rise in the savings rate implies a reduction in the demand for both tradable and
non-tradable goods. Since the price of the tradable goods is tied down by the world market, this
translates into a reduction in the relative price of the non-tradable goods, and hence a decline in the
value of the real exchange rate (a departure from the PPP). The effect would be persistent if there
are frictions that impede the reallocation of factors between the tradable and non-tradable sectors.
The savings channel can be economically and quantitatively significant if the biological desire for a

marriage partner is sufficiently strong.

The second channel for the sex ratio imbalance to affect the real exchange rate works through
effective labor supply. A rise in the sex ratio can also motivate men to cut down leisure and increase
labor supply. This leads to an increase in the economy-wide effective labor supply. If the non-tradable
sector is more labor intensive than the tradable sector, this generates a Rybzinsky-like effect, leading
to an expansion of the non-tradable sector at the expense of the tradable sector. The increase in the
supply of non-tradable goods leads to an additional decline in the relative price of non-tradables and a
further decline in the value of the RER. Again, the labor supply channel can be economically powerful

if the biological desire to avoid involuntary bachelorhood is strong.

Putting the two channels together, a rise in the sex ratio generates a real exchange rate that
appears too low relative to the purchasing power parity (or relative to the standard approach used by
the IMF to assess equilibrium exchange rates that includes additional terms beyond PPP but does not
include the sex ratio, savings rate, and effective labor supply). Because the effect of a skewed sex ratio
on the real exchange rate comes from competition for sex partners, this is fundamentally a Darwinian

perspective on the exchange rate.

Of course, other structural factors may also have contributed to an increase in the aggregate
savings rate (e.g., an increase in government savings or an increase in private-sector precautionary
savings) or an increase in the effective labor supply (e.g., gradual relaxation of restrictions on rural-
urban migration). These other factors would reinforce the Darwinian mechanism discussed in this

paper, causing the real exchange rate to fall further.

A desire to enhance one’s prospects in the marriage market through a higher level of wealth could
be a motive for savings or labor supply even in countries with a balanced sex ratio. But such a motive
is not as easy to detect when the competition is modest. When the sex ratio gets out of balance,

obtaining a marriage partner becomes much less assured. A host of behaviors that are motivated by a



desire to succeed in the marriage market may become magnified. But sex ratio imbalances so far have

not been investigated by macroeconomists. This may be a serious omission.

A sex ratio imbalance is a common demographic feature in many economies, especially in Fast,
South, and Southeast Asia, such as Korea, India, Vietnam, Singapore, Taiwan and Hong Kong, in
addition to China. It is quite possible that the sex ratio effect plays an important role in the real
exchange rate of these economies. To be clear, most countries in the world do not have a severe sex ratio
imbalance. Correspondingly, there are not enough variations in the sex ratio among these countries
to detect its role in determining the level of the exchange rate. However, if one only considers the
standard determinants of the real exchange rate and ignores the sex ratio effect, one could mistakenly
conclude that countries with a severe sex ratio imbalance have a severely undervalued currency. This
set of countries happens to include China - the world’s second largest economy and the largest exporter.
Given the enormous effort by international financial institutions and many national governments to

pass judgment on its exchange rate, getting it right has global importance.

The empirical evidence on the savings channel is provided by Wei and Zhang (2011a). First,
across rural households with a son, they document that the savings rate tends to be higher in regions
with a higher sex ratio imbalance (holding constant family income, age, gender, and educational level
of the household head and other household characteristics). In comparison, for rural households with
a daughter, their savings rate appears to be uncorrelated with the local sex ratio. Across cities, both
households with a son and households with a daughter tend to have a higher savings rate in regions
with a more skewed sex ratio, although the elasticity of the savings rate with respect to the sex ratio
tends to be bigger for son families. Second, across Chinese provinces, they find a strong positive
correlation between the local savings rate and the local sex ratio, after controlling for the age structure
of the local population, income level, inequality, recent growth rate, local birth rate, local enrollment
rate in the social safety net, and other factors. Third, to go from correlation to causality, they explore
regional variations in the enforcement of the family planning policy as instruments for the local sex
ratio, and confirm the findings in the OLS regressions. The sex ratio effect is both economically and
statistically significant. While the Chinese household savings rate approximately doubled from 16%
(of disposable income) in 1990 to 31% in 2007, Wei and Zhang (2011) estimate that the rise in the sex

ratio could explain about half the increase in the household savings rate.

Besides the papers cited above, there are four bodies of work that are related to the current paper.
First, the theoretical and empirical literature on the real exchange rate is too voluminous to summarize
comprehensively here. Sarno and Taylor (2002) and Chinn (2012) provide recent surveys. Second, the
literature on status goods, positional goods, and social norms (e.g., Cole, Mailath and Postlewaite,
1992, Corneo and Jeanne, 1999, Hopkins and Kornienko, 2004 and 2009) has offered many useful
insights. One key point is that when wealth can improve one’s social status (including improving
one’s standing in the marriage market), in addition to affording a greater amount of consumption
goods, there is an extra incentive to save. This element is in our model as well. However, all existing

theories on status goods feature a balanced sex ratio. Yet, an unbalanced sex ratio presents some



non-trivial challenges. In particular, while a rise in the sex ratio is an unfavorable shock to men, it is
a favorable shock to women. Could the women strategically reduce their savings so as to completely
offset whatever increments in savings men may have? In other words, the impact on aggregate savings
from a rise in the sex ratio appears ambiguous. Our model will address this question. In any case,
the literature on status goods has no discernible impact in macroeconomic policy circles. For example,
while there are voluminous documents produced by the International Monetary Fund or speeches by
US officials on China’s high savings rate, no single paper or speech thus far has pointed to a possible

connection with its high sex ratio imbalance.

A third related literature is the economics of family, which is also too vast to be summarized here
comprehensively. One interesting insight from this literature is that a married couple’s consumption
has a partial public goods feature (Browning, Bourguignon and Chiappori, 1994; Donni, 2006). We
make use of this feature in our model as well. An insightful paper by Bhaskar and Hopkins (2011)
studies parental investment in their children before they go to the marriage market. When there
is a surplus of boys, parents overinvest in boys and underinvest in girls but the total investment in
children is excessive. Du and Wei (2010) examine the effect of higher sex ratios for aggregate savings
and current account balances. None of the papers in this literature explores the general equilibrium

implications for exchange rates from a change in the sex ratio.

The fourth literature examines empirically the causes of a rise in the sex ratio. The key insight
is that the proximate cause for the recent rise in the sex ratio imbalance is sex-selective abortions,
which have been made increasingly possible by the spread of Ultrasound B machines. There are two
deeper causes for the parental willingness to disproportionately abort female fetuses. The first is the
parental preference for sons, which in part has to do with the relatively inferior economic status of
women. When the economic status of women improves, sex-selective abortions appear to decline (Qian,
2008). The second is either something that leads parents to voluntarily have a lower fertility rate than
earlier generations, or a government policy that limits the number of children a couple can have. In
regions of China where the family planning policy is less strictly enforced, there is also less sex ratio
imbalance (Wei and Zhang, 2009). Bhaskar (2011) examines parental sex selections and their welfare

consequences.

The rest of the paper is organized as follows. In Section 2, we construct a simple overlapping
generations (OLG) model with only one gender, and show that structural shocks can produce a real
exchange rate depreciation. In Section 3, we present an OLG model with two genders, and demonstrate
that a rise in the sex ratio could lead to a fall in the value of the real exchange rate. In Section 4, we
calibrate the model to see if and when the sex ratio imbalance can produce changes in the real exchange
rate whose magnitude is economically significant. In section 5, we provide some empirical evidence on
the connection between the sex ratio and the real exchange rate. Section 6 offers concluding remarks

and discusses possible future research.



2 A benchmark model with one gender

We start with a simple benchmark model with one gender. This allows us to see both the savings
channel and the labor supply channel in a transparent way. The setup is standard, and the discussion
will pave the way for a model in the next section that features two genders and an unbalanced sex

ratio.

2.1 Consumers

There are two types of agents: consumers and producers. Consumers live for two periods: young
and old. In the first period (young), a representative consumer supplies labor in exchange for labor
income, consumes a part of the income and saves the rest. In the second period (old), she does not

work and consumes her savings with interest.

The final good C; consumed by the representative consumer consists of two parts: a tradable

good Cry and a non-tradable good Clyy.
1—
Ct _ C]’zftCTt ]
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We normalize the price of the tradable good to be one, and let Py; denote the relative price of

the non-tradable good. The consumer price index is P; = Py,.

The optimization problem for the representative consumer is
max u(Che) + Su(Ca41)
with the intertemporal budget constraint
P,Ciyy = (1 —s;)w, and P41Co 41 = Rsyw,

where w; is the wage rate. We assume that everyone supplies one unit of labor inelastically. Then w;
is also the total first period income for a young consumer. s; is the savings rate of the young cohort.

R is the gross interest rate in units of the tradable good.

The optimal conditions is

ullt _ BRu/Q,tJrl (2 1)

P, Py '
We start with the case of a small open economy, and assume that the law of one price for the
tradable good holds. The price of the tradable good is determined by the world market, and is set
to be one in each period. The interest rate R in units of the tradable good is also a constant. For

simplicity, we assume SR = 1.



2.2 Producers

There are two sectors in the economy: a tradable good sector and a non-tradable good sector.
Both markets are perfectly competitive. For simplicity, we make the same assumption as in Obstfeld

and Rogoff (1996) that only the tradable good can be transformed into capital used in production.

2.2.1 Tradable good producers

For simplicity, we assume a complete depreciation of capital at the end of every period. Tradable

producers maximize
o0
—T
max F; Z (R) [QT,H—T — Wiy Ly — KT,t+T+1]
=0

where the production function is
Qs = AT K] Ly "
T gt (1 — agp)l-or

Without any unanticipated shocks, the factor demand functions are, respectively,

1 LT l—ar
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Tt is useful to note that when there is an unanticipated shock in period ¢, (2.2) does not hold since

Ky is a predetermined variable.

2.2.2 Non-tradable good producers

non-tradable good producers maximize the following objective function:

oo

max FEy Z (R)iT [PN,t+rQN,t+r —Wipr Lntyr — KNjigri1
7=0

with the production function given by

le% 11—«
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Qne =

IRelaxing this assumption will not change any of our results qualitatively.



Without unanticipated shocks, we have

1 Ly \ '™
R = P A ! 2.4
aJOZVN(l_aN)lfaN NtON ANt (KNt) ( )
1 Kne\ ™Y
= Py (1 — A —_— 2.5
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If there is an unanticipated shock in period ¢, (2.4) does not hold.

In equilibrium, the market clearing condition for the non-tradable good pins down the price of

the non-tradable good,

P (Coy + C1y)

Qnt = P—Nt (2.6)

Let = denote the total number of young people in the economy, then the labor market clearing condition
is given by
Lri+ Ly == (2.7)

Definition 1 An equilibrium in the small open economy is a set {sy, Kr 411, Kn 41, Lre, Lne, Pne}

that satisfies the following conditions:

(1) The households’ savings rates, s, = {Sit, S—i 1}, mazimize the household’s welfare

sy = argmax { Vi| s_i+, Kre1, KNttt L, Lne, Pne}

(ii) The allocations of capital stock and labor, and the output of the non-tradable good clear the fac-
tor and the output markets, and mazximize the firms’ profit. In other words, { K141, Knt+1, L1t, Lne, PNt}
solves (2.2), (2.3), (2.4), (2.5), (2.6) and (2.7).

2.3 From the savings rate or labor supply to the exchange rate

To discuss the savings channel, we consider an unanticipated increase in the discount factor
B that makes the young cohort more patient. To discuss the labor supply channel, we consider an
unanticipated increase in the number of young people L that enlarges the labor supply in the economy.
As a result of either of these shocks, in period ¢, (2.3) and (2.5) hold, but (2.2) and (2.4) fail.

The market clearing condition for the non-tradable good can be re-written as

« 11—«
PNtANtKNQ,LNt N

a3 (I —ay)t—an

= (BP0 y + (1 — sV )

We can solve (2.1), (2.5), (2.3) and (2.6) to obtain the equilibrium in period ¢. To simplify, we
assume that the per period utility function is of the log form, i.e., u(C) = In(C). Following Obstfeld



and Rogoff (1996) and assuming that the non-tradable good sector is relatively more labor-intensive,

i.e., any < ap, we can obtain the following proposition.

Proposition 1 (i) With an increase in the discount factor 8 of the young cohort, the young raise
their savings rate, and the price of the mnon-tradable good falls. As a result, the real exchange rate

depreciates.

(i) With an increase in the total number of young people x, the price of the non-tradable good

falls. As a result, the real exchange rate depreciates.

Proof. See Appendix A. m

While a formal proof is relegated to Appendix A, we provide some intuition here. In the period
in which the shock to the discount factor occurs, as a representative consumer becomes more patient,
he would save more and consume less. The reduction in aggregate consumption implies a reduction
in the demand for both tradable and non-tradable goods. As the price of the tradable good is tied
down by the world market, this leads to a decrease in the relative price of the non-tradable good (and

a depreciation of the real exchange rate).

Now consider the intuition behind the labor supply channel. Under the assumption that the
non-tradable sector is more labor intensive than the tradable sector, an increase in the number of
labor generates a Rybzinsky-like effect, leading to an expansion of the non-tradable sector relative to
the tradable sector. The increase in the supply of non-tradable good puts downward pressure on the

relative price of non-tradable and produces a decline in the value of the RER.

In summary, without currency manipulations, real factors that lead to a rise in either a country’s

savings rate or its labor supply can simultaneously produce a fall in the real exchange rate.

Note that the effect on the RER lasts for one period. In period ¢ 4 1, since the shock has been
observed and taken into account by consumers and firms, (2.2) and (2.4) hold in equilibrium. By
solving (2.2), (2.3), (2.4) and (2.5), we have

v(an—ar)

ON—eT
Pye=R 't and Py =R T-or

In other words, the price of the non-tradable good and the consumer price index go back to their
initial levels. Later in the paper, we will demonstrate how frictions in the factor market can produce

longer-lasting effects on the real exchange rate.

3 A Model with Mating Competition

We now consider a model with two genders and a desire for marriage (or for sexual partner).

Within each cohort, there are both men and women. A marriage can take place at the beginning of



a cohort’s second period, but only between a man and a women in the same cohort. Once married,
the husband and wife pool their first-period savings together and consume an identical amount in the
second period. The second period consumption within a marriage has a partial public good feature.
In other words, the husband and wife can each consume more than half of their combined second
period income. Everyone is endowed with an ability to give his/her spouse some additional emotional
utility (or "love"). This emotional utility is a random variable in the first period with a common and
known distribution across all members of the same sex, and its value is realized and becomes public

information when an individual enters the marriage market. There are no divorces.

Each generation is characterized by an exogenous ratio of men to women ¢(> 1). All men are
identical ex ante, and all women are identical ex ante. Men and women are symmetric in all aspects -
in particular, men do not have an intrinsic tendency to save more or to work more - except that the

sex ratio may be unbalanced.

Throughout the model, we maintain the assumption of an exogenous sex ratio. While it is surely
endogenous in the long run as parental preference should evolve, the assumption of an exogenous sex
ratio can be defended on two grounds. First, the technology that enables the rapid rise in the sex
ratio has only become inexpensive and widely accessible in developing countries within the last 25
years or so. As a result, it is reasonable to think that the rising sex ratio has a major effect only on
the relatively young cohort’s savings decisions, but not those who have passed half of their working
careers. Second, in terms of cross country experience, most countries with a skewed sex ratio have
not shown a sign of reversal. This suggests that, if the sex ratio follows a mean reversion process, the

speed of reversion is likely to be very low.

3.1 A small open economy

For ease of discussion, we start with a small open economy with an exogenous labor supply. As
in the benchmark model, the price of the tradable good is always one and the interest rate in units of

the tradable good is a constant R.

A Representative Woman’s Optimization Problem

A representative woman makes her consumption/saving decisions in her first period, taking into
account the choices by men and all other women, and the likelihood that she will be married. If she
fails to get married, her second-period consumption is given by P, C;f ﬁrl = Rs}’y;", where R, y;* and
sy’ are the gross interest rate of an international bond, her first period income, and her savings rate,
respectively, all in units of the tradable good. If she is married, her second-period consumption is given
by Pi11CY 1 = £ (Rsi'y” + Rsi"y;"), where y;" and s;* are her husband’s first period endowment and
savings rate, respectively. x (% < k < 1) represents the notion that consumption within a marriage is
a public good with congestion. As an example, if two spouses buy a car, both can use it. In contrast,

were they single, they would have to buy two cars. When x = %, the husband and the wife only

10



consume private goods. When x = 1, then all the consumption is a public good with no congestion®.

The optimal savings rate is chosen to maximize the following objective function:
Vi = maxu(CH;) + BE [u(Cyy 1) +0™]
St

subject to the budget constraints that

PO = (T=s)y’ (3.1)
poacry . o= " (Rs¥y + Rsy'y™)  if married 4
e Rsiy;" otherwise

where FE} is the conditional expectation operator. n™ is the emotional utility (or "love") she obtains
from her husband, which is a random variable with a distribution function F™. Bhaskar (2011) also

introduces a similar "love" variable.

A Representative Man’s Optimization Problem

A representative man’s problem is symmetric to a women’s problem. In particular, if he fails to get
married, his second period consumption is given by P, C;'f t’il = Rs}"y™. If he is married, his second
period consumption is given by P 1C5 1 = k (Rsy’y;’ + Rsi"y;"). He will choose his savings rate to

maximize the following value function
V"= H;%XU(C{?) + BE; [U<C2W,Lt+1) + 77”]

subject to the budget constraints that

POy = (1—s)y" (3:3)
Kk (Rs}y” + Rsy;™)  if married

PGy = o "UEO RSy i ma (3.4
Rsy™ otherwise

where V" is his value function. 1" is the emotional utility he obtains from his wife, which is drawn

from a distribution function F™.

The Marriage Market?
In the marriage market, every woman (or man) ranks all members of the opposite sex by a combi-
nation of two criteria: (1) the level of wealth (which is determined solely by the first-period savings),

and (2) the size of "love" she/he can obtain from her/his spouse. The weights on the two criteria are

2By assuming the same & for the wife and the husband, we abstract from a discussion of bargaining within a household.
In an extension later in the paper, we allow s to be gender specifc, and to be a function of both the sex ratio and the
relative wealth levels of the two spouses, along the lines of Chiappori (1988 and 1992) and Browning and Chiappori
(1998). This tends to make the response of the aggregate savings stronger to a given rise in the sex ratio.

3We use the word "market" informally here. The pairing of husbands and wives is not done through prices.

11



implied by the utility functions specified earlier. More precisely, woman ¢ prefers a higher ranked man
to a lower ranked one, where the rank on man j is given by u(caw,i ;) + ny'. Symmetrically, man j
assigns a rank to woman i based on the utility he can obtain from her wu(cay, j,:) +n;’. To ensure that
the preference is strict for both men and women, whenever there is a tie in terms of the above criteria,
we break the tie by assuming that a woman prefers j if j < 7/ and a man does the same. Note that
"love" is not in the eyes of a beholder in the sense that every woman (man) has the same ranking over

men (women).

The marriage market is assumed to follow the Gale-Shapley algorithm, which produces a unique
and stable equilibrium of matching (Gale and Shapley, 1962; and Roth and Sotomayor, 1990). The
algorithm specifies the following: (1) Each man proposes in the first round to his most preferred choice
of woman. Each woman holds the proposal from her most preferred suitor and rejects the rest. (2)
Any man who is rejected in round k-1 makes a new proposal in round k to his most preferred woman
among those who have not have rejected him. Each available woman in round k holds the proposal
from her most preferred man and rejects the rest. (3) The procedure repeats itself until no further

proposals are made, and the women accept the most attractive proposals.*

With many women and men in the marriage market, all women (and all men) approximately form
a continuum and each individual has a measure close to zero. Let I and I™ denote the continuum
formed by women and men respectively. We normalize I* and let I = (0,1). Since the sex ratio is
¢, the set of men I = (0,¢). Men and women are ordered in such a way that a higher value in the

set means a higher ranking by members of the opposite sex.

wo_

In equilibrium, there exists a unique mapping (7*) for women in the marriage market, 7% : I
I™. That is, woman ¢ (i € I*) is mapped to man j (j € I™), given all the savings rates and emotional
utility draws. This implies a mapping from a combination (si’, n;’) to another combination (s}, 1}").
Before she enters the marriage market, she knows only the distribution of her own type but not the
exact value. As a result, the type of her future husband (s}”, n;”) is also a random variable. Woman

1's second period expected utility is

[ e [ 2 F 0 ey @RS | A ()

[ [0ri) 0 ey | AFT G+ [ (B a0

—i

where 7}’ is her threshold ranking on men such that she is indifferent between marriage or not. Any

lower-ranked man, or any man with 7}’ < 7", won’t be chosen by her.

Since we assume there are (weakly) fewer women than men, we expand the set I to I* so that

v = (0,¢). In the expanded set, women in the marriage market start from value ¢ — 1 to ¢. The

4If only women can propose and men respond with deferred acceptance, the same matching outcomes will emerge.
What we have to rule out is that both men and women can propose, in which case, one cannot prove that the matching
is unique.

12



measure for women in the marriage market remains one. In equilibrium, there exists a unique mapping
for men in the marriage market: #" : I — fw, where 7™ maps man j (7 € I"™) to woman i (i €
I"). Those men with a low value i < ¢ — 1 in set I* will not be married. In that case, 12, G) = 0 and

Com,j,i = Rs'y7". In general, man j’s second period expected utility is

/maX [ U (CQm,j,i) +nv m mom ), U (RSTZJ;'") } dF™ (UT)

7r7”(j|57‘ 771'}"»5_7‘,71'_7',8”,77“’

—m
T

J
_ o w m (,m m, m m (,m
B /W;n {u(c%““) +nﬂm(J’\sg"mg”,STj,nijswm“’)} dE™ (nj") +/ u (Rs}y;") dF™ (n]")
where 77" is his threshold ranking on all women. Any woman with a poorer rank, 77" < 77", will not

be chosen by him.

We assume that the density functions of ™ and n" are continuously differentiable. Since all men
(women) in the marriage market have identical problems, they make the same savings decisions. In
equilibrium, a positive assortative matching emerges for those men and women who are married. In

other words, there exists a mapping M from n* to n™ such that

1-F*(n") = ¢(1—-F"(M(n")))
-~
M@©) = (F™)7 (F;n) + T)

For simplicity, we assume that n* and 5" are drawn from the same distribution, F* = F'™ = F. The
lowest possible value of emotional utility 7™ is sufficiently small (which can be negative) so that some
women and some men may not get married. Let " and "™ denote the threshold values for women’s
and men’s emotional utilities in equilibrium, respectively. Only women (men) with emotional utilities

higher than the threshold value 7 (") will get married. In other words,

W

7" = max {Uzm,n — Uy, M1 (ﬁm)} and 7" = max {ugw,n — U2w, M (")} (3.5)
For woman ¢, given all her rivals’ and men’s savings decisions and 1", her second period utility is

R 'l_l) w R m,,m R w ,, W
5;“u(“( sty" + Ry >)+<1—6;”>u( ="y )+/ M(7)dF (n)
Py Py 0>

R(ngzyw_,'_Rsnzyvn)) —u (n(sty“’—i-Rsmym)

Pt P ) + 0. 07 is the probability that woman ¢

where 7} = u(

will get married,

6 = Pr <U<H(Rsiy + Ry ))u(ﬁ(Rs y” + Ry )>+77727_7w styw,Rsmym>
Pt+1 Pt+1
_ 1—F<nw—u</€(RSiy + Rs™y ))+U(R(RS y* + Rs™y ))) (3.6)
Py Py
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Due to symmetry, we drop the sub-index i for women. Given men’s savings decisions, the first

order condition for her optimization problem is

w w Oe w w R w 8f~w AW M(’ﬁw)dF(Uw)
—ullwyf-l-ﬂ 6" ul,, 2 4+ (1 -6 )u%w’nﬁy 4 oz -0 (3.7)
Pt +% (UQw - U'Qw,n)
where
0 Jrws g M(@*)dF (n*) Ry®
nw>nw ! Y (W w —w —w
= — M dF M
our i | [ A+ 3G )
26" —w , Ry”
95w f(0") kus, Pri1

Similarly, a representative man’s second-period utility, given his rivals’ and all women’s savings

decisions, is

. P (styw + Rsmym) . Rsmym e .
5ju< fz : —|—(1—5j)u< P] >—|—/~ ) M~ (97) dF (")
t+1 t+1 77;.”2777”

B RsWy™ +Rs™y™ w, w m, m . 1e
where 77" = u (W) —u (M> + 7" and ;" is the probability he gets

Pyt Piyq
married
Kk (Rs“y" + Rs'y™ Rs“y* + Rs™y™
&7 = Prlu (s ") —u(ﬁ( i i )>+77;‘n277m Rs"y", Rs™y™
Pt+1 Pt+1 ’
K st w+Rsm m R w, W R m,,m
I Y G 7y") +u<"‘< sUy” + Rs™y )) (3.8)
Pt+l Pt+1

The first order condition for a representative man’s optimization problem is

8 frmsrm M~ (G™)AF (™)

m,_ ./ 3027,,, 7nm>nm m / RP m

5 Uy, Dsm + Dsm + (1 -6 )u2m,n Pt+f1y
8™

+W (u2m - u2m,n)

where
0 [om s M~H@™)dF (™) RP, oM~ (™
nm>nw ! t m n ) m —1/=m =m
= ————~dF M
Osm RUgp, Pt+1 |:/7_]m anm (77 ) + (77 )f(77 )
am s, RP
ds™m - f (77 ) H’UQTVLP

For simplicity, we assume that women and men will earn the same first period labor income and that

there is no tax, i.e., y;* = y;* = w;. For this section, we normalize the measure of young people to
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one; the labor market clearing condition then becomes
Lri+ Ly =1 (3.10)

We now define an equilibrium in this economy.

Definition 2 An equilibrium is a set of savings rates, capital and labor allocation by sector, and the
relative price of non-tradable good {sy’, s}, Kr 141, Kn+1, L1e, Lnt, Pni} that satisfies the following

conditions:

(i) The savings rates by the representative woman and the representative man, conditional on other

women and men’s savings rates, sy’ = {s%‘é,sfi7t} and si* = {sﬁ,s’fj,t}, maximize their respective

utilities
w w w m
sip = argmax {V;"|s", ;. s7", K41, Knv1, Lo, Lve, Pyt }
w m w m
s = argmax {V/"|s{’, s ., K41, K1, Lre, Lve, Pae )

(ii) The markets for capital, labor, and tradable and non-tradable goods clear, and firms maximize
their profits. In other words, {Kr 41, Kn+1, L1e, Lne, Py} solves (2.2), (2.8), (2.4), (2.5), (2.6)
and (3.10).

We now consider an unanticipated shock to the sex ratio, i.e., the sex ratio for the young cohort
rises from one to ¢(> 1) from period ¢ onwards. The nature of the shock is motivated by facts about
the sex ratio in China. Since a severe sex ratio imbalance for the pre-marital age cohort is a relatively
recent phenomenon, the older generations’ savings decisions were largely made when there was no

severe sex ratio imbalance. As the shock is unanticipated, (2.2) and (2.4) do not hold in period .

As in the benchmark model, the market clearing condition for the non-tradable good can be

re-written as L
(6% —Q
PNtANtKN?LNt N

ay (1 —ay)t—an

=75 (Rsi—1wi—1 + (1 — s¢)wy) (3.11)

ﬁs? + ﬁs}f’ is the aggregate savings rate by the young cohort in period ¢.

By (2.3) and (2.5), we have

where s; =

1
ap” (1 —ap)l-ar

K or 1
(1 —ap)Ap, < Tt ) = a5 Pni(1 — an)Ane <
N

Kni \ ™Y
1_LNt l—OéN)l_aN

Lt
(3.12)
We can solve (3.7), (3.9), (3.11), (2.3) and (2.5) to obtain the equilibrium in period ¢. With
some restrictions on the utility function and the distribution of emotional utility, we have the following

proposition.
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Proposition 2 Assume that the per period utility function is of log form, u(C) = InC, for everyone,
and that n is drawn from a uniform distribution, then, as the sex ratio in the young cohort rises,
a representative man increases his savings rate while a representative woman reduces her savings.
However, the aggregate savings rate in the young cohort rises unambiguously. The real exchange rate

depreciates.

Proof. See Appendix B. m

A few remarks are in order. First, it is perhaps not surprising that the representative man raises
his savings rate in response to a rise in the sex ratio because the need to compete in the marriage
market becomes greater. How does the representative woman respond? Because she anticipates being
able to free-ride on her future husband’s increased savings, she does not need to sacrifice her first-period

consumption as much as she otherwise would have to, and therefore can reduce her own savings rate.

Second, why does the aggregate savings rate rise unambiguously in response to a rise in the sex
ratio? The answer comes from both an intensive margin and an extensive margin. On the intensive
margin, the increment in the representative man’s savings can be shown to be greater than the reduction
in the representative woman’s savings. Heuristically, the representative man raises his savings rate for
two separate reasons: in addition to improving his relative standing in the marriage market, he wants
to smooth his consumption over the two periods and would raise his savings rate to make up for the
lower savings rate by his future wife. The more his future wife is expected to cut down her savings, the
more he would have to raise his own savings to compensate. This ensures that his incremental savings
is more than enough to offset any reduction in his future wife’s savings. On the extensive margin, a
rise in the sex ratio implies a change in the mix of the population with relatively more higher-saving
men and relatively fewer lower-saving women. While both margins contribute to a rise in the aggregate

savings rate, we verify in our calibrations that the intensive margin is quantitatively more important.

Third, once we obtain an increase in the aggregate savings rate, the logic from the previous one-
gender benchmark model applies. In particular, the relative price of the non-tradable good declines

and hence the real exchange rate depreciates.

Similar to the benchmark model with a single gender, once the shock is observed and taken into
account in period ¢+ 1, (2.2) and (2.4) hold in equilibrium. By solving (2.2), (2.3), (2.4) and (2.5), we

have
apn—ap ’Y(O‘N_O‘T)
Pye =R 'or and Py =R T-or

This means that the real exchange rate will return to their previous values after one period.

3.2 Mixed-strategy equilibrium

In this section, we extend our benchmark model by considering an endogenous choice of en-

tering/exiting the marriage market. Formally, we consider a mixed-strategy game in which (a) a
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representative woman will choose the probability of entering the marriage market p*, a savings rate if
she decides to enter, and a separate savings rate if she decides to abstain from the marriage market;

and (b) a representative man has similar choices.

The representative woman will have the same optimization problem as in the previous section
if she enters the marriage market. She can also choose to be single, and if she does so, her life-time
utility is

V= ng%xu(clw,n) + BU(CQw’n)
where V¥ denotes the value function of a woman who is single throughout her life.

Her overall optimization problem in the mixed-strategy game is

max pUV% 4+ (1 —p")V, b

pY,SW W n
Obviously, she will choose p* = 1 if and only if V* > V.

Similarly, a representative man’s overall optimization problem is

max p"V™ 4+ (1—p™MV"

s sm
where V7" denotes the value function of a representative man who is single throughout his life, and p™
is his probability of entering the marriage market. He would decide to enter the marriage market with

probability one if and only if the expected utility of doing so is greater than otherwise, or V™ > V™.

Now we can show a more general proposition:

Proposition 3 Assume that the utility function is of log form and that emotional utility is drawn
from an independent and identical uniform distribution, then there exists a threshold value ¢, > 1 that
satisfies V'™ = V"

(i) For ¢ < ¢, both women and men choose to enter the marriage market with probability one. In
addition, as the sex ratio rises, the savings rate of a representative man increases while the savings rate
of a representative woman declines. However, the aggregate savings rate in the young cohort increases

unambiguously. Importantly, the real exchange rate declines.

(ii) For ¢ > ¢, as the sex ratio rises, a representative man chooses a positive probability of being
single while a representative woman still chooses to enter the marriage market with probability one.

The change in the real exchange rate is ambiguous.

Proof. See Appendix C. m

A few remarks are in order. First, why is there a threshold? We can see the intuition by
considering evolving incentives at different initial values of the sex ratio. When the sex ratio rises

from a mildly unbalanced level, the intuition behind Proposition 2 applies. That is, the representative
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man responds to a higher sex ratio by raising his savings rate out of a desire to outcompete other
men (and also to compensate for an anticipated decline in his future wife’s savings rate). However,
when the initial sex ratio is already sufficiently high, his calculations can be different. On the one
hand, his savings rate is already very high, so that any additional increase is quite painful. On the
other hand, his probability of getting married is objectively low regardless of his extra effort. In this
case, in response to an additional increase in the sex ratio, the representative man may decide that
the extra sacrifice associated with a further rise in the savings rate is not justified by the vanishingly
small probability of getting married. This is why he decides to switch to a mixed strategy with some

probability of not entering the marriage market.

Second, when we calibrate the models, we discover that for reasonable parameters and for a
reasonable range of the sex ratio (i.e., for the sex ratio from 1 to 1.5), we do not see the threshold
effect. In other words, while the threshold ¢, is a theoretical possibility, it probably does not arise for
the realistic levels of the sex ratio imbalance observed in the data. This means that, in the real world,
only the first part of Proposition 3 is relevant. Therefore, a rise in the sex ratio in the actual data is

likely to generate a decline in the real exchange rate.

Third, a rise in the sex ratio has different welfare effects on men versus women. A higher sex ratio
produces two sources of welfare loss for men. A direct reduction in welfare comes from a reduction in
the objective probability for men to get married. An indirect reduction in welfare comes from the in-
crease in the competitive savings that causes them to deviate from optimal intertemporal consumption
smoothing. Sadly for men as a group, the increased competitive savings do not fundamentally reduce
the total number of men who cannot get married in general equilibrium. Interestingly, the welfare
effect for women is ambiguous. On the one hand, women could gain both from their future husbands’
higher savings rates and from the improved probability to be matched with men with a higher level of
emotional utility. On the other hand, precisely because men have raised their savings rate, they become
more reluctant to share their high savings rate with a low-type woman. As a result, a representative
woman’s ex ante chance of getting married can also decline. These two opposing forces produce an
ambiguous net effect for women. It is useful to note that, while a representative woman could lose

from a higher sex ratio, her ex ante utility level is always higher than that of the representative man.

3.3 Capital adjustment costs and a prolonged effect on the exchange rate

Without additional frictions, a shock to the sex ratio can only affect the real exchange rate for
one period. If there are capital adjustment costs in each sector, the effect on the real exchange rate
can be prolonged. As is standard in the literature, we assume a quadratic capital adjustment cost,
then the optimization problems for firms in the tradable good sector and the non-tradable good sector

become, respectively,
(o)

max Fy Z (R) " Q714+ — Wenr Ly pyr — I1 147
7=0
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and

max Fy Z T [PN 47 QNtr — Wegr LNt — INt4r)

Raising the capital to Kj; ;1 in period ¢t 4 1 requires time ¢ investment I;; to satisfy

b (K; 2
iy =K1 —(1=0) Ky + = —ul g Kiy,1=T,N
’ 2\ Ky

Then (2.2) and (2.4) become, respectively,

1 Lpgeq \ 0T
R 1-6 A 12
+ O{%T(]. — CYT)IfO‘T QT AT 141 (KT,t+1>

Kr 1 ) b (KT f+2>2
—bR| ——— -1 — ] -1 3.13
( Kty K711 (8.13)

1 Ly ) Y
1—-6+ 5 Py anApn ( ias )
g (1 — ay) e M T\ Ky

Ky 41 ) b (KN t+2)2
bR | ———— —1 |+ = _— -1 3.14
( Ky 2 Ky i1 (3.14)

Without capital adjustment costs, i.e., b = 0, the price of the non-tradable good will go back to

ay)
I

its equilibrium level in period ¢ 4+ 1. With capital adjustment costs, i.e., b > 0, then

l—ar 2 2
1 Lriq1 o Krav1  Kng41) b Kr 442 _ ( Ent42
ayT (1—ar)t—or ar Aty (KTt+1 ) bR ( Ky KNy 2 K141 KN t41

Pyii1=
1

1
LNtt1 or
lfozN

Jaw aNANt+1 (Km+1

X
a;VN(

Kri+1 Knjg41 Krg2

K K K gk K
Px 141 is now a function of st and 2 If =2t N‘t“ and Ait2 £ SN2

Kyt 7 Krjt41 Knt41” Kty KT 1 Kn,t41’
Py ¢4+1 is not a constant. This means that, with capital adjustment costs, the prlce of the non-tradable

good does not return immediately to its long-run equilibrium level. As a result, a rise in the sex ratio

can have a long-lasting and depressing effect on the real exchange rate.

3.4 Two large countries

We now turn to a world with two large countries: Home and Foreign. Assume that they are
identical in every respect except for their sex ratios. Specifically, in period ¢, the sex ratio of the young
cohort in Home rises from one to ¢ (¢ > 1), while Foreign always has a balanced sex ratio. Households

in each country consume a tradable good and a non-tradable good.

Ct — CNtCTt d C* _ ( ]ﬁ’t)v< %t)l 7
Y11 =)t Y11 =)t
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where Cy and C} represent home and foreign consumption indexes, respectively. Since we choose the
tradable good as the numeraire, the consumer price index is P, = Py, where Py is the price of the

home produced non-tradable good. Similarly, the consumer price index in Foreign is P = (Py,)".

The rise in Home’s sex ratio in period ¢ is assumed to be unanticipated. As a result, (2.2) and (2.4)
fail in both Home and Foreign. Since two countries are identical except the sex ratios, by Proposition
2, Home will have a lower relative non-tradable good price than Foreign. This means that Home
will experience a real exchange rate depreciation relative to Foreign in period ¢. Similar to previous

analysis, Home will also experience a real appreciation in period ¢ + 1.

3.5 Endogenous labor supply

We turn to the case of endogenous labor supply. Just as a male raises his savings rate to gain a
competitive advantage in the marriage market, he may choose to increase his supply of labor for the
same reason in response to a rise in the sex ratio. This can translate into an increase in the effective
aggregate labor supply if women do not decrease their labor supply too much. If the production of
the non-tradable good is more labor-intensive®, the increase in the effective labor supply can further
reduce the relative price of the non-tradable good (and the value of the real exchange rate). Therefore,
endogenous labor supply could reinforce the savings channel from the sex ratio shock, leading to an

additional reduction in the real exchange rate.

We allow each person to endogenously choose the first period labor supply and the utility function
of the first period is u(C) +v(1 — L), where L is the labor supply and v(1 — L) is the utility function of
leisure as in the benchmark model. Again, for simplicity, we assume no tax on the labor income. The
utility function governing the leisure-labor choice is the same for men and women. In other words, by

assumption, men and women are intrinsically symmetric except for their ratio in the society.

We can rewrite the optimization problem for a representative woman as following:
max u(C1y) +v(1 — LY) + BE: [u(Cﬁ‘th) + nm]

with the budget constraint

Pth’t = (1 - S;U)th;U
w Kk (RsPLY + Rs" L") w;  if married
Py C2,t+1 = w w .
Rsw Ly otherwise

5This is confirmed by the data from the Chinese Input-Output Tables of 2002 and 2007 (the most recent two tables
released).
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The first order conditions with respect to her savings rate and labor supply are

w w ; Rw L}’ _sw / Rw¢ L}’ af;,wzf,w M(#7")dF(n")

—Ullw tht + /8 0 2w Prya + (1 686)wu2w’n Piya + Os® =0 (315)

Pt +asw (U2w - u2w,n)

and
0 [rwspw M(@")dF (™)
1— s¥)wy 8 kul,, BStWe 4 (1 — §W) ), Bsewe  ZInveaw

“'W(Tt) +8 ol T 0 ) e R oL — v}, =0 (3.16)

t +0T;n (u2w - u2w,n)

. . acy acy w M(7*)dE™ (7" M®®H™)dE™ (7") s¥
respectively. Notice that — %5+ = —25 2t and of (WBL)w @) _ oJ (nas)w (@ )%u. By (3.15)
t t t t t t

and (3.16), we have

w (3.17)

The optimization problem for a representative man is similar:
max u(CTy) +v(l = L") + BE: [w(C5yp) + 1]

with the budget constraint

PtC’ﬂ == (1 - S:n)th;n
" K (RsP" LY + Rs" L) wy  if married
P t+1C2,t+1 = m m .
Rs w, L otherwise

The optimization conditions for his savings rate and labor supply are

0 [ m M(™)dF (™)

RwiL" Rw:L"
! th;n 6m1€u/2m ;);Jrlt + (1 — 6m) U/Qm,n ;)tf+1t Hsm -0 3.18
Uiy P, + B 5™ ( . )
t + 5 (u2m — U2m,n)

and ,

Wt v,
E:U/lm (3.19)

m
respectively.

On the supply side, all equilibrium conditions other than the labor market clearing condition
remain the same. If we normalize the measure of the young cohort to be one, then the labor market
clearing condition becomes

m (3.20)

¢
L Lyt = LY+ ——L
Tt + LNt t+1+¢ +

1+¢
We now define an equilibrium for such an economy.

Definition 3 An equilibrium is a set {(s}*, L"), (sy*, LT") , Kp 41, KN t+1, L1e, Live, Py} that satis-
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fies the following conditions:

(i) The savings and labor supply decisions by women and men, (s}, L {Sm Yo Li, LY t}

and (s, L") = {si},s™ s™ o Lip L™ t} mazimize their utilities, respectwely,

(sit, Li7) = argmax {V;"| (s, ,, L), (si", L"), K1e41, Kneg1, Lo, Live, Pae )

( jtvLm) argmax{‘/t st 7L11€U)7(5Tj,t7L—_7 t) KTf+17KNf+17LTt7LNf7PNf}

(ii) The markets for both goods and factors clear, and firms’ profits are maximized. In other
words, {Kr+1, K41, L1i, Lne, Pne} solves (2.2), (2.8), (2.4), (2.5), (2.6) and (3.20).

As before, we assume that u(C) = InC. We let L; denote the aggregate labor supply in period ¢,
and assume that the utility function for leisure satisfies the feature®

T Y| (3.21)

If the country stays at the initial equilibrium (before period ¢) with non-negative net foreign assets,

then we can show the following proposition:

Proposition 4 Under the same assumptions as in Proposition 2, as the sex ratio (in the young cohort)
rises in period t, a representative man increases both his labor supply and his savings rate, while a

representative woman’s savings rate and labor supply decline. The real exchange rate depreciates.

Proof. See Appendix D. ®

In response to a rise in the sex ratio, for the same reason that men reduce their consumption and
increase their savings rate, they cut down their leisure and increase their labor supply. Similarly, for
women, for the same reason that induces them to reduce their savings, they may reduce their labor
supply (and increase leisure). In the aggregate, for the same reason that the increase in savings by
men is more than enough to offset the decrease in savings by women, the increase in labor supply by
men is also larger than the decrease in labor supply by women. Therefore, the aggregate labor supply

rises in response to a rise in the sex ratio.

With a fixed labor supply (in the previous subsections), it is worth remembering that the non-
tradable sector shrinks after a rise in the sex ratio. Specifically, a decline in the relative price of
the non-tradable good (due to the savings channel) makes it less attractive for labor and capital
to stay in the non-tradable sector. Now, with an endogenous labor supply, the total effective labor
supply increases after a rise in the sex ratio according to Proposition 3. By a logic similar to the
Rybczynski theorem, this by itself has a tendency to induce an expansion of the non-tradable sector if

the production of the non-tradable good is more labor intensive. Relative to the case of a fixed labor

B(1-10)'—?

61t is easy to show that utility function v(1 — L) = -

(6 > 1) satisfies the assumption.
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supply, adding the effect of endogenous labor supply leads to either an expansion of the non-tradable
sector, or at least a smaller reduction in the size of the non-tradable sector. The exact scenario depends
on parameter values. However, regardless of what happens to the size of the non-tradable sector, the
price of the non-tradable good (and the value of the real exchange rate) must fall by a greater amount

when the endogenous labor supply effect is added to the savings effect.

4 Some Numerical Examples

Before we go to our empirical results, we provide some numerical examples, both to illustrate the
possible quantitative effects of a rise in the sex ratio, and to explore robustness of the main results to
different values of the key parameters. To build in more realism relative to the benchmark model, we
introduce three modifications. First, we assume that each cohort lives 50 periods, working in the first
30 periods, and retiring in the remaining 20 periods. Second, we follow the literature and introduce a

cost for distributing tradable goods. Third, we also introduce capital adjustment costs.

4.1 An OLG model in which a cohort lives 50 periods

For a representative man or woman, if he or she gets married, the marriage takes place in the
(exogenously predetermined) 7th period, which is common for both men and women. To determine
the value of 7, we have to balance two considerations. On the one hand, if it is the representative
agent’s own marriage, it would be reasonable to set a relatively low value for 7, perhaps around 5. On
the other hand, data suggests that a big part of the savings and work effort responses to higher sex
ratios come from actions taken by parents for their children (Wei and Zhang, 2011a and 2011b). While
our model does not formally feature parental savings or parental income transfers to children, we do
not want the simulations to ignore completely this important data feature. If 7 is to represent the
number of working years a parent has when his/her child gets married, we may set a relatively high

value, perhaps around 25. As a compromise, we set 7 = 15 as the benchmark value in our simulations.

For a robustness check, we will also report results when 7 = 10. One may also think that 7 should
take a value greater than 15. Generally speaking, the greater the value of 7, the stronger is the real

exchange rate response to a given rise in the sex ratio.

We now describe the representative woman’s optimization problem. Her objective function is

T—1 50
max Y BTIUY + By | Y BTN (UR + ™)
t=1 t=T1

where
v w(c®) +o(l—LF) if¢<30
u(cy) +v(1) if £ > 30
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For t < 7, when she is still single, the intertemporal budget constraint is

A1 = R(Av+y — Picy)

where A; is the wealth held by her at the beginning of period t. y;" = w;L}" is her labor income at the

age t. After marriage (t > 7), her family budget constraint becomes

H PycH .
B R(AF 4wy (Lp + L) = Be0) i £ < 30
A = Pl
R(aff - Bt if ¢ > 30
where A is the level of family wealth at the beginning of period ¢. ¢!! is the (common) consumption
good consumed by the wife and the husband, which takes the same form as in the two-period OLG

model. If she remains single, her budget constraint after period 7 is

w7n f—
At+1 -

R(A"™ 4w, LY — Pc™™) if t < 30
R(AP™ — Pc™™) if £ > 30

The representative man’s optimization problem is similar.

4.2 Parameters used in the examples

We assume the same sub-utility function on leisure as in the two-period model, v(1 — L) =
Bln(1— L). Parameter B is set to match the fact that the equilibrium labor supply (under a balanced
sex ratio) is 1/3 (corresponding to 8 working hours per day). We assume that there is a lower bound
for labor supply L, L¢ > L (i = w,m). This is to prevent women from reducing their labor supply
too much and generating an unrealistic reduction in their labor supply when the sex ratio rises. A
possible justification for the lower bound is this: It may be unrealistic for most people to find a job
that allows for downward adjustment of working hours in a flexible manner. Part-time jobs such as
babysitting are not generally available in all industries. On the other hand, one can often do overtime
or moonlighting for a second job. In other words, it is relatively easier to adjust labor supply upward
in a fractional manner than to adjust it downward. We set L = 1/3. This value is chosen so that
both men and women would supply labor around 1/3 in the equilibrium with a balanced sex ratio.
[In unreported simulations, we verify that relaxing this assumption does not dramatically change the
quantitative results on the overall RER response to a higher sex ratio (although the responses by some

other variables could change more noticeably)].

Following Song, Storesletten, and Zilibotti (2011), we take 1.0175 as the annual gross interest
rate in China. The subjective discount factor is set at 8 = 1/R. Using China’s Input-Output Table in
2007, we calibrate the labor-intensities in the tradable good sector and the non-tradable good sector,

respectively. To be more precise, we first define a sector as a non-tradable good sector if the ratio of
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its sum of exports and imports to the gross sectoral output is below the median. By this criterion,
most service sectors are non-tradables, whereas most manufacturing sectors are classified as tradable
sectors. We then compute the shares of labor costs in total production costs for the two aggregated
sectors by matching the mean and the variance of the two aggregated sectors to the same moments
for the labor shares in all sectors in the input-output table.” This procedure gives us the results that
apr = 0.65 and ay = 0.23.

Burstein, Neves, and Rebelo (2003) find that the costs of distributing tradable goods (transporta-
tion, wholesaling and retailing) are important for understanding the movements in the RER. For this
reason, we assume that consuming the tradable good requires the use of distribution services (repre-
sented by the use of the non-tradable good)®. Since the total available non-tradable good can be either

consumed or used to supply distribution services, we have, in equilibrium,

Qne = Cni +(Cpy

This will only change the market clearing condition for the non-tradable good and the final price of

the tradable good
(1 —7) P (Ca + Cre)
Pry

P (Cy +C
QNtZFYt(;t 1t)‘|‘<
Nt

where
Priy =1+ (Pny

The distribution margin (the fraction of distribution cost in the final tradable good price) is

. (Pny
1+ (P

We set 7 = 0.44 to match the Chinese data - the share of all non-tradable sectors collectively
accounts for 44% of the final consumption good basket. Following Burstein, Neves, and Rebelo (2003),
we choose parameter ¢ so that the distribution margin p is 50%. We also consider ;1 = 0.25 as a

robustness check.

"Suppose there are two sectors, tradable and non-tradable, in the economy with weight wp and wy. We compute
the labor shares in the two sectors 1 — ap and 1 — a by the following methodology:

l1-a = wr(l—ar)+wy(l—an)
a wr (1L —ar) = (1 -a)” +wy (1 - an) - (1 —a))?

where 1 — & and o2 are the mean and variance of labor shares in all sectors.

8No qualitative results will change if we add the distribution cost to our benchmark model. Mathematically, we can
show that for any 0 < ¢ < 1, under the assumption in Propositions 2 and 4, the aggregate demand for the non-tradable
good, Cny¢ + (Cry, is a decreasing function of the sex ratio, which ensures the same results in Propositions 2 and 4.
Intuitively, the aggregate demand for the non-tradable good consists of (i) the nontradable consumption good directly
demanded by consumers and (ii) the non-tradable services used in distributing the tradable consumption good (which
is positively correlated with the demand for the tradable good). As the sex ratio rises, the aggregate savings rate rises.
Then the demand for both the tradable and the non-tradable consumption goods falls which in turn leads to a fall in
the aggregate demand for the non-tradable goods. Based on the same logic, the relative price of the non-tradable good
falls which in turn leads to a real exchange rate depreciation.

(e
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For the congestion index in the within-marriage consumption allocation, we set k = 0.8. We also
choose £ = 0.7 and 0.9 for robustness checks. As in Song et al. (2011), we set the annual capital

depreciation rate § to be 0.1.

b( L _
' 2 \ Ky

on the adjustment parameter b. Its value ranges from 0.5 to 20 in the literature. Following Gali et

For the quadratic capital adjustment costs in production 6)2 K, there is no consensus
al. (2004), we choose the value for parameter b such that the elasticity of the investment-capital ratio
with respect to Tobin’s Q to be one in the benchmark®. This implies that b = 10. Based on data on a
panel of Chinese manufacturing plants, Wu (2011) estimates a capital adjustment function (embedded
in a structural model) that is more complex than ours. Her estimates suggest that the coefficient for
the quadratic term in the capital adjustment cost in China can be almost 10 times larger than the
corresponding coefficient estimated for the United States by Cooper and Haltiwanger (2006). While

we use b = 10 as our baseline case, we will also consider b = 5 and 15 for robustness checks.

The Chinese data suggests an interesting (and maybe peculiar) feature about a typical worker’s
life-time earnings profile. Using data from urban household surveys, Song and Yang (2011) document
that a typical worker in China faces a fairly flat life-time (real) earnings profile (although the starting
salary of each successive cohort tends to rise fast). Within a given cohort, we also assume a flat
earnings profile over time. Since we do not consider an exogenous growth in productivity, we do not

feature a steady rise in income from one cohort to the next.

The emotional utility 7 needs to follow a continuously differentiable distribution. We assume a
normal distribution which might be more realistic than the uniform distribution used in the analytical
model. To find the appropriate values for the mean and the standard deviation for this distribution
is a bit challenging. We use the empirical literature on the effects of marital status and income on

happiness as our guide.

To be more specific, to choose the mean value for emotional utility, we perform the following

9Tobin’s Q for firm i is defined as
Prery

Pry
where Pg/, denotes the marginal value of capital at firm 4 installed at the beginning of time ¢ + 1 and Py, is the price

qit =

of investment goods, which is unity. Profit maximization implies that the value of a marginal unit of installed capital is
equal to its cost. That is

PK(t = =
v MPI,Lt MPI,Lt
where JK
MPI;, = —4+1
dl;y

Since K is predetermined, under the quadratic capital adjustment cost function,
Kit+1
Gt =1+ (— —1
Kit
Then, the elasticity of investment-capital ratio with respect to Tobin’s Q in the steady state is

A/ Kw) g _ 1

dgit  Iin/Kie b8
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thought experiment. Holding all other factors constant, we can compute the annual income compensa-
tion needed for a representative person to be indifferent between being a life-time bachelor and getting
married. Let CY; = {y, + compenstation,,y,+1 + compenstation 1, ,yso + compenstationsg}

be a vector of all his future incomes after period 7. Then
u(k (e +c") +o(l = L") + E(n) =u (e, (CY;)) +v (1 - LY,)

where ¢!, (CY7) is his consumption function in period ¢. Lj"* and L;, are period t’s labor supplies by

a married man and a life-time bachelor, respectively.

Under a balanced sex ratio, we can re-write a representative man’s optimization problem as the

following

T—1
1
max <Z ) u(cfy) +v(1 = L7)] (Zﬂt >E1 u(cqy) +o(l = Lgp) +n™)]
1t>-2t =1

where ¢J; and ¢J} are consumptions before and after period 7, respectively; and LY} and L3} (L5 =0
for ¢ > 30) are labor supplies before and after period 7, respectively. In equilibrium, since wage is a
constant, ¢}, ch;, LY} and L3, are also constants. Since we choose parameter B - the parameter for
the disutility of work - to let the equilibrium labor supply be 1/3, we further re-write the optimization

for the representative man as
m%(ZW1>[ )+ BB [(u(ef) + ™)) + tip

where we use t.i.p to denote those terms that are independent of the optimization problem and B =
( fﬂT 5t_1) / ( Z;ll 5t_1). The budget constraint in this case is

R—-R" m
A, = - R (w—cf") (4.1)
50 1 30
(Z R‘“‘”) G = Ar+g (Z R—“—T)) w (4.2)
t=1 t=1

Similar to our two-period OLG model, under a balanced sex ratio, the first order condition with respect

to % is
o R — R
where 6™ = 1— F (™). Under the log utility assumption, and due to the symmetry between men and

women, the first order condition becomes

1 ~R—R™ 1
_ L gR=mL (43)

m m
cf 1-R ¢}

27



Combining (4.1), (4.2) with (4.3), we can solve the model under a balanced sex ratio in which the

consumption does not depend on any emotional utility assumptions.

Given C'Y,; and A, obtained from the previous solution, we can also compute a life-time bachelor’s
consumption in each period after age 7. Blanchflower and Oswald (2004), by regressing self-reported
well-being scores on income, marriage status, and other determinants, estimate that a lasting marriage
is, on average, worth $100,000 (in 1990 dollars) per year (every year) in the United States during
1972-1998. Since GDP per person employed is about $48,000 during the same period, this implies that
a lasting marriage per year is worth more than twice the average working income for employed people.
We take the ratio of income compensation to the average wage income m = 100,000/48,000 ~ 2.08 as
the benchmark. This implies that

m m m

CY, =< (1+m)w n’2,~--,(1—|—m)w oy MWLty - mwLy'y

<30 t>30
Since the United States has a balanced sex ratio over that period, we calibrate the mean value of the
emotional utility /love by using the previous model results:'°

E(n) = u(cpy (CY2) +o (L= L)) = [u(s (e + ) +o (1= LM, _,

As a robustness check, we will also consider m = 1.

As for the standard deviation of emotional utility, we set o = 0.1 in the benchmark and o = 0.2
as a robustness check. This is consistent with the empirical results in Blanchflower and Oswald (2004)
that the absolute values of the ¢ statistics, |t.stat| = @, for the coefficient estimates on the dummy
variable "never married" (the United States) or the dummy variable "married" (the United Kingdom)

for men and women are between 3 and 16.

For technical reasons, we also assume that there exists an exogenous marriage market friction that
everybody in the marriage market faces a small possibility of not getting matched that is independent
of the sex ratio. We choose that probability to be 0.001.!

We summarize our choices of the parameter values in the following table.

10Under the log utility assumption, w will disappear when we calculate the mean of the emotional utility E(n).
' This assumption plays no role in the theoretical analysis but ensures that we obtain real roots in the numerical
computations. Small departures from this value have little effect on the quantitative results.
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Choice of Parameter Values

Parameters Benchmark Source and robustness checks

Annual gross interest rate R =1.0175 Song et al. (2010)

Discount factor 8=1/R

Non-tradable sector capital-intensity «an = 0.23  Authors’ calculation based on 2007 Chinese input-output table
Tradable sector capital-intensity ar = 0.65 Authors’ calculation based on 2007 Chinese input-output table
Share of non-tradable good v=0.44 Authors’ calculation based on 2007 Chinese input-output table
in the consumption basket

Congestion index k=0.8 x = 0.7,0.9 as robustness checks.

Capital adjustment cost b=10 b = 5,15 as robustness checks

Love, mean m = 2.08 m = 1 as a robustness check

Love, standard deviation c=0.1 o = 0.2 as a robustness check

Marriage age T=15 7 =10 as a robustness check

Distribution margin w=0.5 w=0.25 as a robustness check

4.3 Numerical results

We solve the multi-period model by iterations. Given a guess for a sequence of the wage rates and
future capital accumulation path, we solve the equilibrium {(s}’, L"), (s7*, L") , K141, KN +1, L1, Lne, Pe}
from equations (3.15), (3.17), (3.18), (3.19), (3.12), (3.13), (3.14), (2.6) and (3.20). By (2.3) or (2.5),
we can generate new sequences of the wage rates and capital stocks. If the implied sequences are
consistent with our guess, then an equilibrium is considered found. Otherwise, we update the guess

for the sequences and iterate until we achieve a convergence.

To calibrate the size of the sex ratio shock, we use Chinese demographic data as a guide (see Wei
and Zhang, 2011a). We let the sex ratio in the model rise continuously and smoothly from 1 to 1.15 in
period 6, and continue to rise until it reaches 1.20 in period 8 and stay at that level in all subsequent

periods'?

The simulation results for the baseline case are shown in Figure 1. As the sex ratio rises (by
following a pre-specified path), the real exchange rate depreciates by more than 4 percent by year 6,
and continues to depreciate to a cumulative 9.1 percent by year 15. In the figure, we also consider two
robustness checks by varying the value of k. As it turns out, the real exchange rate response is not

sensitive to these changes in k.

In Figure 2, we present how the response pattern changes when we vary the capital adjustment
cost. With a higher cost of capital adjustment, b = 15, the real exchange rate depreciation become

somewhat stronger. The converse is true when the adjustment cost is lower to b = 5. Overall, these

12The sex ratio for the pre-marital age cohort in China was close to normal before 2000 but rose to 1.15 by 2007 and
is projected to be 1.20 around 2025 (Wei and Zhang, 2011a).
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responses are all economically significant even though the magnitude depends on the exact adjustment

cost.

In Figure 3, we report a robustness check when we vary the mean value of emotional utility/love.
While at a lower value, m = 1, which is substantially lower than the baseline value inferred from
Blanchflower and Oswald (2004), the response of the real exchange rate is weaker (but still significant
economically). Naturally, if we experiment with a higher value of m, we would have obtained a stronger

RER response than the baseline simulation.

In Figure 4, we vary the standard deviation of the emotional utility. With a larger standard
deviation, ¢ = 0.2, men are more likely to be matched with low-type women and hence they are less
desperate to avoid bachelorhood. This causes them to exert less effort to succeed in the marriage

market. As a result, the RER response becomes weaker, but is still economically significant.

In Figure 5, we conduct a sensitivity check on the timing of marriage by assuming 7 = 10
(instead of the baseline value of 7 = 15). The real exchange rate depreciation in the first ten periods
is comparable to the baseline case (or even stronger in some periods), but the reversal to the long-run

steady state occurs earlier (at the 10th period instead of the 15th period).

Finally, in Figure 6, we perform a robustness check on the value of the distribution margin by
assuming a very low margin, u = 0.25, which is only half of what is estimated by Burstein, Neves, and
Rebelo (2003). In that case, a rise in the sex ratio generates a smaller but still sizable response in the

real exchange rate.

To summarize, these numerical examples suggest that a rise in the sex ratio can produce an
economically meaningful reduction in the real exchange rate. Relative to the standard approach to
assess the exchange rate, for example, of the kind used by the International Monetary Fund, the
exchange rate of a country with a sex ratio imbalance may appear "undervalued." Because the existing
literature does not provide a tight guidance on the values of all the parameters, the numerical examples

are only suggestive.

5 Some empirics

Since the effect of an unbalanced sex ratio on the exchange rate is relatively novel, it is useful to
present and discuss some empirical evidence. We proceed in three steps. First, on the effects of the sex
ratio on savings rate and effective labor supply, we do not have to re-invent the wheel as we can point
to relevant evidence from the recent empirical literature. Second, we provide some new evidence on
the connection between the sex ratio and the real exchange rate (or the relative price of non-tradable
goods) across regions within a country. Third, we present some new cross-country evidence on the

relationship between the sex ratio and the real exchange rate.
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5.1 Micro-level evidence on savings

We first review the evidence in Wei and Zhang (2011a) that a higher sex ratio has led to a rise
in the household savings rate in China. At the household level, families with a son tend to save more
than families with a daughter, the more interesting pattern is that families with a son in regions with
a higher sex ratio tend to save more than their counterparts in regions with a lower sex ratio. This
is true after taking into account the effects of other family and regional characteristics on the savings
rate. In other words, it takes a combination of having a son at home and living in a region with an

unbalanced sex ratio for parents to raise their savings rate.

At the province level, where one can compute the local aggregate savings rate in a way that is
parallel to the national savings rate, the finding is that regions with a higher sex ratio tend to have a
higher aggregate savings rate. This means that the higher savings rates by families with a son are not
offset by dis-savings of other households. In other words, in general equilibrium, a higher sex ratio is

associated with a higher savings rate.

To go from correlation to causality, Wei and Zhang (2011a) use regional variations in the enforce-
ment of the family planning policy as instruments for the local sex ratio. The idea is that a harsher
penalty for violating birth quotas is likely to induce families to engage in more aggressive sex selective
abortions, leading to a more unbalanced sex ratio. Their first stage regression confirms that this is
indeed the case. The instrumental variable regressions confirm a positive effect of a higher sex ratio
on the savings rate. Based on the IV regressions, they estimate that the observed rise in the sex ratio

may explain about 50-60% of the observed rise in the household savings rate in China.

Interestingly, there is some evidence that a substantial part of the increase in Chinese corporate
savings may also come from the sex ratio imbalance. First, Bayoumi, Tong, and Wei (2011) present
evidence that private-owned firms tend to have a higher savings rate than state-owned firms (since the
private firms cannot rely on banks or the capital market to raise funds). Second, Wei and Zhang (2011Db)
show that a higher sex ratio has substantially stimulated private entrepreneurship - entrepreneurship
is viewed as another way to raise the family wealth and hence to enhance one’s status in the marriage
market. The increase in the sex ratio during 1995-2004 is estimated to explain about 20% of the
increase in the number of private firms in urban areas, and about 40% of the increase in the number
of private firms in rural areas. Since private firms outnumber state-owned firms by a large margin,
savings by private firms are an important part of the overall corporate savings. Therefore, a rise in

the sex ratio may have raised both the corporate savings rate and the household savings rate.

5.2 Micro-level evidence on effective labor supply

Some evidence that a higher sex ratio has increased effective labor supply is provided in Wei and
Zhang (2011b). In particular, based on a survey of rural households, they examine whether/how a

household’s supply of labor as a migrant worker is affected by the local sex ratio. (Because of the
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government restrictions on formal migration from a rural area to a city, most migrant workers’ time in
a city are temporary. Their children typically cannot go to local schools or enjoy local health benefits.
As a result, being a migrant worker involves a lot of sacrifice associated with being away from the
family on an extended period of time.) Our theory would predict that a combination of having a
son at home and living in a region with a higher male/female ratio would raise the willingness for
a household to supply more labor. The evidence (using a Tobit specification) is consistent with this
prediction: the number of days a rural migrant worker chooses to work away from home tends to rise

with the local sex ratio, especially if the migrant worker has an unmarried son at home.

Wei and Zhang (2011b) also examine another dimension of effective labor supply: willingness
to accept intrinsically unpleasant or dangerous jobs. Such jobs are defined as those in mining or
construction, or with exposure to extreme heat, cold or hazardous material. People accept such a
job presumably for a better wage. Our theory would again suggest that a combination of having an
unmarried son at home and living in a region with a higher male/female ratio would motive people
to be more willing to accept such jobs. The empirical patterns (from a Probit regression) are indeed

consistent with this prediction.

Interestingly, while some parents with a daughter also work as migrant workers and/or accept
jobs that are intrinsically unpleasant or dangerous, their supply of work effort is uncorrelated with the
local sex ratio. In other words, if a higher sex ratio produces incentives for parents with a daughter
to reduce their work effort, it is likely to have been offset by opposing incentives (such as a desire to
protect their daughter’s bargaining power within a marriage). Whatever the exact mechanism, Wei
and Zhang (2011b) do not find evidence that the labor supply by parents with a daughter declines
with a higher sex ratio (while the parents with a son do supply more labor). Overall, a higher sex

ratio appears to lead to a net increase in the labor supply.

5.3 Within-country evidence on the sex ratio and the real exchange rate

One place to check the validity of our hypothesis is to examine regional variations in the real
exchange rate (or the relative price of non-tradables) within a geographically large country. In this
sub-section, we explore regional variations in China. An important advantage of a within-country study
is that cultural norms, legal institutions, social security systems, and other factors can more plausibly
be held constant across regions within a country than across countries. A potential disadvantage is
that the regional sex ratio might not adequately capture the relative tightness of the local marriage
market. Fortunately, for China, Wei and Zhang (2011) provide evidence that the marriage market is
still very local - over 90% of marriages take place between a man and a woman from the same rural
county or the same city. Mobility for marriage purposes is relatively low. (Migrant workers tend to go

back to their home county to get married, or go out to work after getting married.)
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We run regressions of the following type:

P

A (Nt> =« + § - Asex ratio; + vZ; + error;
PTt i

where the dependent variable is the cumulative change in the log price of the non-tradable sector

relative to that of the tradable for province i from 2001 to 2005, the first regressor is the cumulative

change in the sex ratio for the same province over the same period, and Z; is a set of control variables.

«, B and ~ are parameters to be estimated.

We obtain data on price indices (and their sub-indices) for 31 provinces over 2001-2005 from
the China Statistics Yearbook database. The broad sectors are Food, Tobacco & Liquor, Clothing,
Household Facilities & Services, Health, Transportation & Communication, Recreation & Education
& Culture, and Residence. We construct two measures of the changes in the relative price of non-
tradable goods. For the first measure, we define five broad sectors (Household Facilities and Services,
Health, Transportation & Communication, Recreation & Education & Culture and Residence) as

non-tradables, and the rest as tradables.

However, some of the broad non-tradable sectors may have sizable tradable components. As a
refinement, we also construct a second measure of the relative price of the non-tradable by taking
a more conservative approach that excludes plausibly tradable sub-components from otherwise non-
tradable broad sectors. More precisely, for the non-tradable basket, we only include the subsectors of
Health, Transportation & Communication, Household Services under the broad sector of Household
Facilities and Services, the subsector of Recreation & Culture Services under the broad sector of
Recreation & Education & Culture, and the subsector of House Renting & Utility under the broad
sector of Residence. While some of the choices are judgment calls, the goal is to check if the basic
relationship between the local relative price and the local sex ratio is robust to some perturbations of

the definition of the relative price.

Somewhat inconveniently, instead of reporting the raw values of the price indices, the data source
(China Statistics Yearbook) reports only annual changes of the indices with a potentially changing
base from year to year. We accumulate the changes in the price indexes from 2001 to 2005. Because
the data source does not report the weights assigned to various sub-indices in the CPI basket, we back
out the weights by running an OLS regression of the changes in the overall CPI index on the changes

in the sub-indices without an intercept.

The summary statistics on province-level variables - changes in the relative price of non-tradables
from 2001 to 2005, measured in two ways as described above, and changes in the local sex ratio (which
come from Wei and Zhang, 2011a), and some other variables - are reported in Table 1. During the
period, the relative price of the non-tradable good by the first measure dropped by 5.9% on average.
With a standard deviation of 4.3%, there are substantial variations across different provinces. By
the second measure, the relative price of non-tradable goods declined by 1.8% on average. With a

standard deviation of 6.2%, the coefficient of variations (or the ratio of standard deviation to mean)
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is even bigger for the second measure.

The sex ratio for the pre-marital age cohort during the same period rose by 2.1 basis points (or
an increase in the sex ratio from 1079 young men per 1000 young women to 1100 young men per 1000
young women). With a standard deviation of 3.3%, there are substantial variations across provinces in

terms of the changes in the local sex ratio. These variations are useful for econometric identifications.

Table 2 reports the regression results. In Column 1, we regress the cumulative change in the
relative price of non-tradables (first measure) on the cumulative change in the sex ratio (and an
intercept). The coefficient on the sex ratio is negative and statistically significant. This implies that
within China, regions with a faster relative increase in the sex ratio tend to exhibit a faster relative

decline in the real exchange rate, which is consistent with our theory.

A well-known result in empirical international finance is that the real exchange rate tends to
be systematically lower in poorer countries (or regions). A common explanation for this pattern is
the Balassa-Samuelson theory. Separately, another demographic feature - the age structure of the
population - is often used to capture the life cycle hypothesis on a country’s savings behavior. In
Column 2, we add both the change in local per capita income and the change in the share of working-
age people in the local population as controls. These two variables turn out to be insignificant. In any

case, the coefficient on the sex ratio remains negative and significant.

In Columns 3 and 4 of Table 2, we perform a simple robustness check by using the second measure
of the relative price of non-tradables where the definition of a "non-tradable" is somewhat stricter.
The results are qualitatively the same. In particular, the coefficients on the sex ratio are negative and
statistically significant. In other words, regions with higher sex ratios tend to have lower values of the

real exchange rate.

Because we are not aware of any other theory that predicts a negative association between the
sex ratio and the real exchange rate, we find the patterns in Table 2 interesting. Nonetheless, there
are other control variables one could think of such as regional financial development. Unfortunately,
we do not have reliable data on these variables. We will next turn to some international evidence for

which we could consider additional control variables.

5.4 Cross-country evidence on the exchange rate

We now provide some suggestive cross-country evidence on how the sex ratio imbalance may affect

the real exchange rate. We first run regressions based on the following specification:
In RER; = a+ (8 - sex ratio; +v - Z; + €;

where RER; is the real exchange rate for country . Z; is the set of control variables. We consider
a sequentially expanding list of control variables including log GDP per capita, financial development

index, government fiscal deficit, dependence ratio, and de facto exchange rate regime classifications.
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The data for the real exchange rate and real GDP per capita are obtained from Penn World Table
6.3. The “price level of GDP” in the Penn World Table is equivalent to the inverse of the real exchange
rate in the model: A higher value of the “price level of GDP” means a lower value of the real exchange
rate. The sex ratio data is obtained from the World Factbook. As we are not able to find the sex ratio
for the age cohort 10-25 for a large number of countries, we use age group 0-15 instead to maximize

the country coverage.

We use two proxies for financial development. The first is the ratio of private credit to GDP,
from the World Bank’s WDI dataset. This is perhaps the most commonly used proxy in the standard
literature. There is a clear outlier with this proxy: China has a very high level of bank credit, exceeding
100% of GDP. However, 80% of the bank loans go to state-owned firms, which are potentially less
efficient than private firms (see Allen, Qian, and Qian, 2004). To deal with this problem, we modify
the index by multiplying the credit to GDP ratio for China by 0.2. Because this measure is far from
being perfect, we also use a second measure, which is the level of financial system sophistication as

perceived by a survey of business executives reported in the Global Competitiveness Report (GCR).

For exchange rate regimes, we use two de facto classifications. The first comes from Reinhart and
Rogoff (2004), who classify all regimes into four groups: peg, crawling peg, managed floating and free
floating. The second classification comes from Levy-Yeyati and Sturzenegger (2005), who use three

groups: fix, intermediate and free float.

For the dependent variable, log RER, and most regressors where appropriate, we use their aver-
age values over the period 2004-2008. The averaging process is meant to smooth out business cycle
fluctuations and other noises. The period 2004-2008 is chosen because it is relatively recent, and the
data are available for a large number of countries. (We have also examined a single year, 2006, and

obtained similar results).

Table 3 provides summary statistics for the key variables. The log RER ranges from -2.22 to 0.41
in the sample, with a mean of -0.74 and a standard deviation of 0.59. The value of log RER for China
indicates a substantial undervaluation on the order of 45% when compared to the simple criterion of

purchasing power parity.

For the sex ratio for the age cohort 0-15, both the mean and the median across countries are
1.04, and the standard deviation is 0.02. For this age cohort, all countries in the sample have a sex
ratio that is at least 1. The sex ratio for most of the countries is between 1 and 1.07. The following
economies have a sex ratio that is 1.07 or higher: China (1.13), Macao (1.11), Korea (1.11), Singapore
(1.09), Switzerland (1.08), Hong Kong (1.08), Vietnam (1.08), Jordan (1.07), Portugal (1.07) and
India (1.07). They represent the most skewed sex ratios in the sample. China, by far, has the most
unbalanced sex ratio in the world. If the same sex ratio persists into the marriage market, then at
least one out of every eight young men cannot get married. As wives are typically a few years younger
than their husbands, the actual probability of not being able to marry is likely to be modestly better
in a country with a growing population (for which later cohorts are slightly larger). Nonetheless, the

relative tightness of the marriage market for men across countries should still be highly correlated with
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this sex ratio measure. In addition, unlike most other countries, China exhibits a progressively smaller
age cohort over time (for the population younger than 40) as a result of its strict family planning
policy. As a result, the relative tightness of the marriage market for Chinese men when compared to
their counterparts in other countries is likely to be worse than what is represented by this sex ratio.
Furthermore, the Chinese sex ratios at birth in 1990 and 2005 are estimated to be 1.15 and 1.20,
respectively (see Wei and Zhang, 2009). This implies that the sex ratio for the pre-marital age cohort

will likely worsen in the foreseeable future.

We present a series of regressions in Table 4. The first column shows that the real exchange rate
tends to be lower in poorer countries. This is commonly interpreted as confirmation of the Balassa-
Samuelson effect. In Column 2, we add a proxy for financial development by the ratio of private sector
credit to GDP. The positive coefficient on the new regressor indicates that countries with a poorer
financial system tend to have a lower RER. In Column 3, we add the sex ratio. The coefficient on
the sex ratio is negative and statistically significant, indicating that countries with a higher sex ratio
tend to have a lower RER. Since oil exporting countries have a current income that is likely to be
substantially higher than their permanent income (until they run out of the oil reserve), their RER
patterns may be different from other economies. In Column 4, we exclude major oil exporters and
re-do the regression. This turns out to have little effect on the result. In particular, countries with a

higher sex ratio continue to exhibit a lower RER.

In Column 5 of Table 4, we add several additional control variables: government fiscal deficit,
terms of trade, capital account openness, and dependency ratio. Due to missing values for some of
these variables, the sample size is dramatically smaller (a decline from 123 in Column 4 to 75 in Column
5). Of these variables, the dependency ratio is the only significant variable. The positive coefficient on
the dependency ratio (0.009) means that countries with a low dependency ratio (fewer children and
retirees as a share of the population) tend to have a low RER. By the logic of the life-cycle hypothesis,
a lower dependency ratio produces a higher savings rate. By the model in Section 2, this could lead
to a reduction in the value of the real exchange rate. It is noteworthy, however, that even with these
additional controls and in a smaller sample, the sex ratio effect is still statistically significant, although

its point estimate is slightly smaller.

In Column 6 of Table 4, we take into account exchange rate regimes using the Reinhart-Rogoff
(2004) de facto regime classifications. Relative to the countries on a fixed exchange rate regime (the
omitted group), those on a crawling peg appear to have a lower RER. Countries on other currency
regimes do not appear to have a systematically different RER. With these controls, the negative effect
of the sex ratio on the RER is still robust. In Column 7, we measure exchange rate regimes by the de
facto classifications proposed by Levy Yeyati and Sturzenegger (2003). It turns out that this does not

affect the relationship between the sex ratio and the real exchange rate.

In Table 5, we re-do the regressions in Table 4 except that we now measure a country’s financial
development by the financial system sophistication index from the Global Competitiveness Report.

The results are broadly similar to Table 4. In particular, the coefficients on the sex ratio are negative
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in all five cases, and are significant in four of the five cases. The sex ratio coefficient is (marginally) not
significant in Column 6 of Table 5, where the Reinhart-Rogoff exchange rate classifications are used
as controls. We note, however, that this regression also has far fewer observations (35 only), which
also reduces the power of the test. In any case, when the LYS exchange rate classifications are used

instead (reported in Column 7), the sex ratio coefficient becomes significant again.

In sum, we find that the sex ratio has an impact on the real exchange rate in a way consistent

with our theory: as the sex ratio rises, a country tends to have a real exchange rate depreciation.

To be clear, as the sex ratio imbalance is a severe problem only in a subset of countries, it is
not a key fundamental for the real exchange rate in most countries. Nonetheless, for those countries
with a severe sex ratio imbalance, including China, one might not have an accurate view on the
equilibrium exchange rate unless one takes it into account. To illustrate the quantitative significance
of the empirical relations, we compute the extent of the Chinese real exchange rate undervaluation
(or the value of the RER relative to what can be predicted based on the fundamentals) by taking the
point estimates in Columns 1-2 and 5 of Tables 4 and 5, respectively, at their face value. The results
are tabulated in Table 6. As noted earlier, relative to the simple-minded PPP, the Chinese exchange
rate is undervalued by about 45%. Once we adjust for the Balassa-Samuelson effect, the extent of the
undervaluation becomes 55% (column 1 of Table 6) - apparently the Chinese RER is even lower than
other countries at the comparable income level. If we additionally consider financial underdevelopment
(proxied by the ratio of private sector loans to GDP), the Chinese RER undervaluation is reduced
to 43% (column 2, row 1 of Table 6), which is still economically significant. If we also take into
account government deficit, terms of trade, and capital account openness, the extent of the RER
undervaluation is 35% (column 3, row 1). If we further take into account the dependency ratio, the
extent of undervaluation drops to 18% (column 4, row 1). Finally, if we add the sex ratio effect, not
only can we eliminate the appearance of undervaluation, the Chinese real exchange rate would appear

to be overvalued by 8% (column 5, row 1 of Table 6).

If we proxy financial development by the rating of financial system sophistication, and also take
into account the sex ratio effect and other structural variables, the extent of the Chinese RER under-
valuation becomes 2% (column 5, row 2 of Table 6), which is a very small amount as the extent of
exchange rate fluctuation for major exchange rates such as the euro/dollar rate can easily exceed 2% a
year. These calculations illustrate that the sex ratio is an economically important determinant of the
real exchange rate, though not the only one. One could exaggerate the role of currency manipulation

in determining the RER if not taking into the relevant structural factors.

6 Conclusion

Standard models used to assess equilibrium exchange rates do not take into account sex ratio

imbalance. We show that a dramatic rise in the sex ratio for the premarital age cohort in China
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since 2003 could logically generate a depreciation of the real exchange rate. If other factors have
also contributed to a rise in the Chinese savings rate, such as a reduction in the dependency ratio,
or a rise in the corporate and government savings rates, they can complement the sex ratio effect
and reinforce an appearance of an undervalued currency even when there is no manipulation. To be
clear, this paper does not make a judgement on whether a policy-induced undervaluation occurs in
any particular country. Instead, it illustrates potential pitfalls in assessing the equilibrium exchange

rate when important structural factors are not accounted for.

Empirically, countries with a high sex ratio do appear to have a low value of the real exchange
rate. If we take the econometric point estimates at the face value, one can account for virtually all of
the departure of the Chinese real exchange rate from the purchasing power parity with the sex ratio

effect and other structural factors.

In future research, the model could be extended to allow for endogenous adjustment of the sex
ratio. (Data suggests that such an adjustment is slow, as most countries that have a sex ratio imbalance
continue to exhibit a deterioration over time.) This is not easy to do technically, but will help us to

assess the speed of the reversal of the sex ratio and the unwinding of the currency "undervaluation."
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Proof of Proposition 1

Proof. (i) By totally differentiating the equations (2.1), (2.6), (2.3) and (2.5), we have
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Since the consumption on the non-tradable goods by the young cohort must be less than the aggregate

non-tradable good consumption, it follows that (1 — s;)zw; < Py+Cn¢. Therefore,
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Since zo = z3 = 24 = 0, the change in 8 does not directly affect wy, Py and Ly;. We can rewrite

the differential system regarding dw;, dPy; and dLy; as
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The price of the non-tradable good falls as (3 increases, which in turn leads to a real exchange rate

depreciation.

(ii) Consider the case of an unanticipate increase in the number of young people. Let [n; and 7y

denote the share of labor input in non-tradable good sector and tradable good sector, respectively.
L
Int = % and Iy = 1 — Ly
Similar to (i), by totally differentiating equations (2.1), (2.6), (2.3) and (2.5), we have
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Under the assumption of log utility, the optimal savings rate choice is independent of the wage

rate. The differential system can be re-written as
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As the number of young people increases, the price of the non-tradable good falls, which in turn leads

to a depreciation in the real exchange rate. m

B Proof of Proposition 2

Proof. The first order conditions for a woman and a man, respectively, are:
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Totally differentiating the equations (B.1), (B.2), (3.11), (2.3) and (2.5), we can obtain
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We can show that
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aggregate non-tradable good consumption, then v(1 — s;)w; < Pn¢Qn¢. Therefore,

Q33 Q3q Qs
det Q43 Q44 Q45 <0
Q53 Q54 Os5
and det(Q) < 0.
Then
dS%" 22911

47



and

dsy 7225(2’52)2“’ ((1+ ) a=F )+ £ @) (M) -7 +log (2)) - 2)
0 (3?—%—5}”)2 det( g; g;z )

2 iy St
a0 ()" 3 (2ogs o (24 + 21)

Q Q
max min m 2 11 12
nmax — n ! s+ s)” det
( )( K K ) ( le Q22 )

2290 (P - )2 % log (2k)

< a 9 <0
(e — e (s ) det | 1 P
Qo1 Q22
However, the aggregate savings rate by the young cohort, s{”*" = 1f ? s+ g + s sy, rises as the sex

ratio becoms more unbalanced.

ds{™" st — sy JrgﬁfldsignJr 1 (dst ersf >
de (1462 1+¢ do 14+¢ \ do do
1—0%
29 ulllwy + Ry Y ) ( ) 2w ,n ) )
- S?T — S%U + ¢ -1 dsi 7f(77 ) (HUQ (u2w,n - U‘Qm,n) + u2w,nu2m,n)
(1492 1+¢ dd Oy Q
(1+ ) det 11 12
21 oo
where all the terms on the right hand side are positive and hence, d g;;ng > 0.

As in the proof of Proposition 1, we rewrite the system regarding the changes in Py, w; and Ly

as following

syoung

Q33 Q34 Q35 dwy —yw; 7%

Quz Qs Qus || dPne | = 0 do
Qsz Qg s dLny 0

Following the same steps as in the proof of Proposition 1, we can show that

dPy;  OPny ds]™"™ _qwe dsy™"™ <ozNwt aTW; >

dp  9s7  dg A do Lyt  1-Lnt

where A is defined as

Q33 Q3q Q35
A = det Q43 Q44 Q45 < 0
Q53 Qsa Oss

young

Since —%; 7 > 0, dgg t < 0, which results in a fall in the consumption price index and therefore a real
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exchange rate depreciation in period t. m

C Proof of Proposition 3

Proof. If u(c) = lnc, solving the first order condition under a balanced sex ratio for both men and
women in the marriage market, we can obtain
1 P11

+AR—— =0
1*515 Pt+18t

which is the same optimal condition when a man or a woman chooses to be single. For a representative
woman, at the balanced sex ratio, if she chooses to enter the marriage market, with probability F (7))

she can get married and receive welfare

ve = (U s sr o (M) s p e () 4 Bl 2

(1 — st)wt) (RSt’U}t>
> In(—2Y7) 4 BIn T
( Py b Py !

where the inequality holds because k > 1/2 and E [n|n* > 7j] > 0. Therefore, entering the marriage

market is a dominant strategy for all women. Since men and women are symmetric when ¢ = 1, all

men and all women will enter the marriage market with probability one at the balanced sex ratio.

As we have shown in Proposition 2,

dsy? dsi*  dsy
2ot nd 22t 4 7t
o >0a o + o >0
we can show that
av;m < , P, m m ) ds;n
—Ui,, + R KO Us,, -0 mon C.1
8¢ Yy 1 6 t+1 ( 2 ( ) Uo ) d¢ ( )
dsy’
+ Rz [ T—— / [1— d
6 Pt+1 2 d¢ 6 7] ) )] Ul
dsi
_ _ 1 m / t
< 8 HeEn BRE 6= )8 s, T <0
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where the first equality in (C.1) holds because

% = —1_22(77“}) (u2m - U’Q’mm)
B R At

0 (fusgey M7 O™MAF@™)) 7" (1 - F())
- = =

ﬁwf(ﬁw) ’ ds} ’ dsj dsj
T o {Qm"das 2 <d¢ * déﬂ

dsy _ dsi’
M <1< P(L=F@™)+7"f(@") and di; < ;7;

Men lose as the sex ratio rises while the effect on women’s welfare is ambiguous.

and

Now consider women’s welfare. Given the equilibrium s}* and s}’ under a sex ratio ¢, if one
woman deviates from the equilibrium choice s}’, for instance, by choosing a savings rate s}’ = s},
she would receive a lower life-time utility V;*/ (< V;*). Since s}’ = s > s}, this woman will have a
better situation than all other women in the marriage market, i.e., she is more likely to get married

and also more likely to marry a better man. Then

V;w/ = Uiw’ + B |:6/u2w’ + (1 - 6/) u?w’,n + / M (nw + U2y’ — u2w) dF (nw):|
5
2 Uw! + ﬂ |:(]- - F(ﬁw)) U2y’ + F (ﬁw) u2w’,n + M (VIw) dF (nw):|
— w48 [(1 () s + F () o + | M (") dF w]
ﬁ'llf

(L= B G a4 O )+ [ M ) )

where 1, U2y and ugy, , denote the first period consumption-led utility, the second period consumption-
led utility when she gets married, and the second period utility when she fails to get matched with
any man, respectively. wug,, is the second period consumption-led utility for all other women who get
married. The first inequality holds because the woman faces a greater possibility of getting married
and also she will receive a higher expected emotional utility from her husband. The second inequality
holds both because she is more likely than the representative man to get married and because she is

expecting to receive higher emotional utility from her spouse than the representative man.

Therefore, for ¢ > 1, we can show that V;* > V' > V™, the representative woman always

achieves higher welfare than the representative man.

For the representative man in the marriage market, given his rivals’ choices, if he choose to stay
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in the marriage market, he will follow the first order condition (B.2) and achieves an approximate life
time utility w1y, + Buam,n. If he chooses to be single, he maximizes the life time utility u; + Sug. The
first order condition in this case is

—uy,, + Ub,, =0 (C.2)

The two savings decisions, in the marriage market and being single, will be different since the man

will follow different first order conditions. Then
V;zn = maxuj + BUQ > Uiy + ﬁu?m,n — v

when ¢ — oco. The representative man will then choose to be single which violates the assumption that,
for all ¢s, entering the marriage market is the dominant strategy for all men. Therefore, a threshold
as ¢, exists and at ¢ > ¢, V,* =V

n
For ¢ > ¢, with probability %, the representative man will choose to enter the marriage market,

and with probability 1 — %, he remains single. For the representative woman, since she earns the same

first period income as he, we can show that
Vyi=Vn=Vm<y¥

the representative woman will enter the marriage market with probability one.

As for the aggregate savings rate in the young cohort, we have shown in Proposition 1 that for
¢ < ¢y, as the sex ratio rises, the aggregate savings rate in the young cohort will rise. For ¢ > ¢, as
the sex ratio rises, some men begin quitting the marriage market and choose a different savings rate
according to (C.2). Compare (B.2) with (C.2), it is ambiguous whether s > s or not, then the

effect on the aggregate savings rate is ambiguous. ®
D Proof of Proposition 4

Proof. If u(C) =1InC, for ¢ < ¢,, by the optimal labor supply condition, we have

i’
dsi v, —v/'L}

where ¢ = w, m.

Similar to the proof of Proposition 2, we can show that 7™ = M(7") and s™L™ > s“L™ for
¢ > 1. Since at ¢ = 1, women and men are symmetric, and hence s™ = s* and L™ = L*. For ¢ > 1,
by (D.1), s™L™ > s“L* means s" > s* and L™ > LY.

Similar to the proof of Proposition 2, we can rewrite the first order conditions with respect to
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women and men’s savings rate as

b [ () O F @) 05 | D2)
tw Pt-‘rl +f (’Flw) nulgw (U2w + M('F]w) - U2w,n)
P,

Totally differentiating equations (D.2), (D.3), (3.11), and (3.12),

into women and men’s first order conditions with respect to savings rate, we can obtain

T T
Q- [ dsp dsp dw, dPyi dLwi | =| @ s oz ou oz | do
where

IiQU,N ((14_1) 1—F —w ) 1_5111
0 B ,th%u . RPt 2 2w ; /(I ( )) . ( ) 2w n , w de
1 = P, Uyt + 5 7Pt+1 +1 (") k2ul, (U2 + M(DY) — Ugew,n) + Lt R
+2f( )KUQU] (Huéuz - uéw,n)
I{Zu//]((1+l) 1— F(pw )
0 B RPt 2112 \ ( ) (77 )) ) Stn dL;n thgn
2= B Pt+1 +f( ) K™ U2y, (u2w + M(T]w) - u?w,n) + L;n ds'g” Pt
L +f (17 )K2u/22w + f( ) (u2m,n - nuém) (u/Zw,n - ﬁu’Zw)

iz = Qu=0;5=0
RP,\° K, (1+6) (1 F (M (1)) ALY\ w, L
921 = B P, w 1,7 w w
t+1 +f( )Iiu2m ((1 + ¢> K’u2m - $u2m7n) Lt dst B

0, — WL)o.o 3 <R-Pt )2 K2y, (14 ) (1= F (M (7)) + (1 = 6™) ub,, ,, ( m Ly
2 Pt tm Pt+1 +f (77 ) (HU/Qm u2m n) ( %) Hu2m - %U’Qm n) Lm d ¢
Doz = Qog =05 =0
Ywt w deZﬂ ’Yd)lUt m dLgn
31 1+¢(t+stds}”>’ 32 1+o +td
Qus = —o (1—s)Ly  o(1—si")Li" = ANtK]o\ézItvL}v;aN i = Pyni(1 — an)Ane KRGy Ly
1+ ¢ 1+ ¢ ’ a1 —an)t-on’ ay (1 —an)t—on
aTw 1 dLY QW ¢ dL}?
flg = = LY+ Lo Lyl odsy T Lpwy @ pm 146 dsy
Tra L+ T Ll — L Tra L+ Tl — L t
l—ar —ap—1
Qs = —1, Quu=0, Qs = [ —Z (1 — ) Ap KT LY + O _m_p
43 , Qg , Qs —ar 7)ATi K7 1+¢ T+ ol Nt
Wy N e an —any—1
Q51 = Q52=0, Q53 = -1, Q54 = P Q55 = — 1 (1 —an)Ane K3y Lt
Nt —an
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and

B L™ _ LW
= 0. 2 — [1 - F(Ww)} (HUIQm - U/Qm,n) e — Ywt (S;‘mL;n B S%UL%U) 24 = arwWt (§~+¢)£ 2 =0
1 — Y, 22 — 2 y 23 — y #4 — s A5 —
o 1+¢ LY + 5L — Lve

The determinant of matrix € is

Quz Qs Qs

9] Q Q
%, O ) » 33 Q34 Qss
Q53 Q54 Os5

det () = det <

21 Q22

Under the assumption that En is sufficiently large, it is easy to show that

Q Q
det H 12 >0
Qo1 Qoo

and
Q33 Q3q Q35
arwy 1 (1—s)Ly 91— s;Z")LZ") )
det Q Q Q = — + wy — P,
43 44 45 L, — Lt Pry <’Y< 1+ ¢ 146 t Nt @ Nt
Q53 Q54 Os5

w? QNWy

Py Ly

Qnt

Notice that the consumption of the non-tradable good by the young cohort must be less than the
(A=si)Ly + ¢<17$T)LT} wy < PniCpy¢. Therefore,

aggregate non-tradable good consumption, then

T+o +¢
Q33 Q3g Q35
det Q43 Q44 945 <0
Q3 Qg s
and det(2) <0
Then
dsi" _ z28h <0 and B _ _ 2282
do Q1 Q d¢ 0 0
det 11 12 det 11 12
le QQQ QQl Q22

By the definition of 7 and M (7%), it is easy to show that

U2 + M(ﬁw) - u2w,n = U2w + M(ﬁw) - u2'm,n + u2m,n - u2w,n = M(ﬁw) - ,'—,)w + u2m,n - u2w,n
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By the definition of 7%,

Rsi" L KR (s]P L] + s LY)
7 — 1o t i ) —lo < t i t L )
7 5 < Py 5 Piyq

Similar to the proof of Proposition 2, under the log utilty assumption, we can show that

2 ™ arm w, L . o oy smLT
g zgﬁ(gi) (1+z—ff) o ((1+$)(1—F(n )+ f (7 )(M(n ) =7 +10g(5m))—2>
de Q1 Q
(sPLm 4+ swLw)det | TP
QQl QQQ

2 m
2008 (E2)" (14 295 ) 2 log (2)

< <0

; Q Q
(nmax _ nmm) (S;VLL;VL + S%“L%U)Q det 11 12
21 (22
where the last inequality holds because k > 1/2. By (D.1), we have

dLy dLY
and — < 0
do do

The aggregate savings rate in the young cohort is

w [9) m 1 w

syoung _ 1+¢ Lm + 1+¢St L 1+¢L S 1+¢L W

¢ d> 1 - oot t
1+¢Lm + 1+¢Lu1 1+¢Lm + 1+¢L“ 1+¢Lm + 1+¢Lw

then
[9) m 1 w %L;n
Ayt welt sy sl dse T\SEIER)
& t T2t
d¢ Tl gl 0 L+ gl 40 a0
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The sum of the first two terms on the right hand side

w 1

, 1 w , w
1+¢> Lm dsilfn 1+¢ dst 1+¢ (Lm dS;” Y T el 2 dst >
t t
1+¢L7" 1+¢Lw d¢ 1+¢ Lm + 1+¢ Lw d¢ 1+¢ Lm 1+¢ Lw d¢ d¢
1
1 . /
- L?rzl+¢ Ly : <L?QH - L:fUle)
1+¢ 1+¢ dot Qi1 Qo
Qo1 Qoo
2
Lm,Lﬂ) _ w dL’UJ
N ﬁwt Ft’t t 29 ull/w7t+ﬁ<£f‘l) H2u’2’w ((l-i-é) (1—F(nw))> %dsﬁ’
2 m m
1+¢Lm 1+¢Lw det Q1 Q2 - (gi) {RQu’Q’w ((1 + é) 1-F (ﬁw)))} T (;izn
Qo1 Qoo
L77LLw RP —
- The B 2 Uy B (Ptﬁl) Kty ((1 + ) (1- FW”))) s dLy
1+¢Lm + 1+¢Lw det Q11 Qo (1 - S;U)L}EU St L;n + S;UL%U L;n ds;n
Qo1 Qoo
11w Ly"LY _ (Q=s)L s Lt 4Ly
< sy 1+¢ Py ) (I—s")Lw ST LT lw,t
L+ LY Q5 0 +5(Rpf)nu’ ((1+l) (1—F(7‘;W)))
1+¢ T+t gt 11 12 Prit 2w P
Qo1 Q2
where the last inequality holds because
S;ﬂ dL;n S;’L 1 S;TL
Livdsy  1—spp_ ki T 1— sy

We can show that by (D.2) and (D.3)

nL

pty, (14 3) (1= F (%) + (1= 8")

m m myrm w w
(1= s )L s Ly + sy Ly

(

+f ("

) Ky, (ugw + M (7"

) - u2w,n)

m m w w
) s¢ Ly + sy Ly

(T—sP)Ly 7Ly Rl (L4 @) (L= F (1) + (1= 0" gy 7L
(1+5) 0= F @)+ F @) “Had™ 4 F ) (M) - 7”)
>
W{éwm (1+9¢)(1- (ﬁm)) +(1-0™)
1+ (1= F @)+ F@™) - F ")
(1+ L) a=F @)+ Fam)
and RP .
it (i (145 ) G- F ) <0
’ Py o
then .
el dsp Dol dst
9 1Tm w d¢ Lm + Lw d¢ >
1+¢L + 1+¢L 1+¢ 1+¢>
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ddLg < 0, we can show that

AL
Since i

Lm
d $ mTw de; m dL3’
ZipDy)  LPLY+ o (Ll - ppd

— 0
s (L 1 Lp)? g

Then young
dsj

a9 >0

The aggregate labor supply in period ¢

dLy ¢ dL ds)? L dLydsy | Li" — LY
dp — 1+¢ds™ dp 1+ ¢ds? dp (14 ¢)?
1 L Ly
> &= (Qnd,tn - Q12d;>
1+¢ 011 Qo ds} dsy
det
Qo1 Qoo
wdL]" L\ 2 o w | wdl?\ dL?
- 1w, 29 Wy e Lt oy T8 (%) KA, ((1 + i) (1—F(n ))) (Lt + 8 ds;b) sy
- 2 m w
PEOR e O e B (#E) [ ((1+3) a-ramn)] (o +r i)
Qo1 Qoo
a1 5 o () kb, (1 1) = F@v)) spLe
> ” poy T ULw,t + mym w T w
1— s ds} 1—i—¢dt Q1 Q9 sy Ly + sy Ly
e
21 (oo
1 dLpr 1 2z ( (RP,:) , (( 1) _
> - Uy + B Kug [ 14+ =) (1 =F @) ) ) >0
= drTeo oy o |\ ) ;
21 (oo
where the third inequality holds because, under the assumption
D) (,U//)2 v v
o + ﬁ - f -0 >0

we can show that

d(i‘éﬁ):< o >2<2<v~>2+v_w_w)ﬂ>o

ds o' /L —v" v’ L2 L ds

dLm dL® . .
and hence le o - %2 The fourth inequality holds because
57 L} dsy
w w mirm
m AL} sy L sy Ly
t v/’ L'w
ds} T 1- 5P 1 — [y 1—sp

w

56




and the last inequality holds because of (D.2).

Similar to the proof of Proposition 1, we can rewrite the system as

Q33 Q34 Lif35 dwy 2y
Quz Qua LiQys || dPye | = —a%w% do
Q53 Qsa Lildss dint —Q’Zi:"‘%
where
Yo dLy dsyo™d
"o _ 1— young _ l Dt 2 t
zg = (v (1 = s ) wi — wilne) P
Similar to the proof of Proposition 1, the sex ratio will affect the price of the non-tradable
good via two channels: the savings channel and the labor supply channel. We can write dgg L in two
parts
dPni  qwy ds{™" [ anw L oW
dp A do Lyt o —Ln:
1 [ (st Lo )+ o (y (- s Lo — )
Al (- awyRsawe Bt = any (1= st wy ) (e 4 ope) | do

young

where A is defined as in the proof of Proposition 1. Since dstdd) > 0 and % > 0, similar to the

proof of Proposition 1
dPn¢

d¢

That is, the price of the non-tradable good falls, leading to a depreciation of the real exchange rate. m

<0
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