NBER WORKING PAPER SERIES

A SEXUALLY UNBALANCED MODEL OF CURRENT ACCOUNT IMBALANCES

Qingyuan Du
Shang-Jin Wei

Working Paper 16000
http://www .nber.org/papers/w 16000

NATIONAL BUREAU OF ECONOMIC RESEARCH
1050 Massachusetts Avenue
Cambridge, MA 02138
May 2010

We thank Stefania Albanesi, V. Bhaskar, Pierre-Andre Chiappori, Ed Hopkins, Aloysius Siow, and
especially Xiaobo Zhang, and seminar participants at the IMF, World Bank, Columbia University,
University of Washington, Hong Kong University and Chinese University of Hong Kong for very
helpful discussions, and Joy Glazener for editorial assistance. All errors are our responsibilities. The
views expressed herein are those of the authors and do not necessarily reflect the views of the National
Bureau of Economic Research.

© 2010 by Qingyuan Du and Shang-Jin Wei. All rights reserved. Short sections of text, not to exceed
two paragraphs, may be quoted without explicit permission provided that full credit, including © notice,
is given to the source.



A Sexually Unbalanced Model of Current Account Imbalances
Qingyuan Du and Shang-Jin Wei

NBER Working Paper No. 16000

May 2010

JEL No. E2,F3,F32,F41

ABSTRACT

Large savings and current account surpluses by China and other countries are said to be a contributor
to the global current account imbalances and possibly to the recent global financial crisis. This paper
proposes a theory of excess savings based on a major, albeit insufficiently recognized by macroeconomists,
transformation in many of these societies, namely, a steady increase in the surplus of men relative
to women. We construct an OLG model with two sexes and a desire to marry. We show conditions
under which an intensified competition in the marriage market can induce men to raise their savings
rate, and produce a rise in the aggregate savings and current account surplus. This effect is economically
significant if the biological desire to have a partner of the opposite sex is strong. A calibration of the
model suggests that this factor could generate economically significant current account responses,
or more than 1/2 of the actual current account imbalances observed in the data.

Qingyuan Du
Economics Department
Columbia University
gingyuandu@gmail.com

Shang-Jin Wei

Graduate School of Business
Columbia University

Uris Hall 619

3022 Broadway

New York, NY 10027-6902
and NBER
shangjin.wei@columbia.edu



1 Introduction

High savings rates in excess of domestic investment rates in many countries in East and Southeast
Asia have produced a massive current account surplus as a share of GDP, and are said to be a major
contributor to the global current account imbalances, to the unusually low long-term interest rates,
and possibly to the onset of the 2008-2009 global financial crisis. As to theories of savings behavior, the
existing literature has highlighted the roles of life-cycle considerations (Modigliani, 1970), precaution-
ary savings (Kimball, 1990), habit formation (Carroll, Overland, and Weil, 2008), culture (Belton and
Uwaifo Oyelere, 2008), and financial under-development (Caballero, Farhi, and Gourinchas, 2008; Ju
and Wei, 2006, 2008 and forthcoming; Mendoza, Quadrini and Rios-Rull 2007; and Song, Storesletten,
and Zilibotti, forthcoming). The aim of the current paper is to propose an alternative theory that gives
prominence to a major, albeit insufficiently recognized by macroeconomists, social transformation in
many economies, namely an increasing relative surplus of men in the marriage market. The basic
thesis is that as competition intensifies in the marriage market, men or parents with sons raise their
savings rates with the hope of improving their relative standing in the marriage market. Because the
biological desire to have a partner of the opposite sex is strong, this effect is quantitatively important

enough to reveal itself in the aggregate savings rate and the current account balance.

The direct inspiration for the theory is an empirical paper by Wei and Zhang (2009), which
studies household savings behavior in China. They provide both cross-regional and cross-household
evidence that is consistent with the notion that a worsening prospect for men in the marriage market
has motivated them and their parents to raise their savings rates substantially. They call this the
"competitive saving motive." Chinese household savings as a share of disposable income rose from
16% in 1990 to 30% in 2007. Wei and Zhang suggest that the rise in the sex ratio imbalance could
account for half the total increase in the savings rate. Because their paper does not have a formal theory,
there is a need to construct a model to see if the hypothesis can work in a general equilibrium, and
whether a calibration of the model can produce an effect whose magnitude is economically significant.

Furthermore, one wonders if the hypothesis is applicable to countries beyond China.

In this paper, we aim to fill these important voids. To check if the sex ratio effect goes beyond
China, we first provide some international evidence that a country’s savings rate is systematically
linked to its sex ratio. After controlling for the effects of income, the share of working age people in
the population (i.e., a proxy for the life cycle theory), the ratio of credit to GDP (a proxy for financial
development), and social security expenditure as a share of GDP (a proxy for the precautionary savings
need), we find that a rise in the sex ratio from a balanced level to 1.15 (the sex ratio in China) is

associated with a higher current account by over 10% of GDP.

The core part of the paper is to analyze theoretically how a sex ratio imbalance influences the
economy-wide savings rate and the current account. We construct a simple overlapping generations
(OLG) model with two sexes and a desire to marry. To focus on the macroeconomic implications of sex

ratio imbalances, we intentionally shut down channels such as the precautionary savings motive, habit



formation, culture, and financial development. Because it is an OLG model, there are still life-cycle

considerations, which, however, do not lead to current account imbalances on their own.

Under reasonable conditions, we show that men respond to a rise in the sex ratio by raising their
savings rates. Moreover, the increment in their savings is always enough to offset any decrease in
women’s savings if it happens. As a result, the aggregate savings rises with the sex ratio. To check
if the model can deliver an effect that is economically significant, we go to quantitative calibrations.
In the benchmark case, for a small open economy, as sex ratio rises from 1 to 1.15, the economy-wide
savings rate and the current account will rise by more than 10%. We also consider the case of two large
economies, whose relative sizes and income levels are calibrated to mimic China and the United States.
The synthetic United States is assumed to always have a balanced sex ratio, while the synthetic China
experiences a rise in the sex ratio from 1 (balanced) to 1.5 (very unbalanced). The rise in China’s sex
ratio produces a rise in its current account surplus, and a corresponding rise in the current account
deficit for the United States. The magnitudes of the current account imbalances in the simulations
(about 7.7% of GDP for China and -2.6% of GDP for the United States) are such that they are more
than one-half of the actual current account imbalances observed in the data. While the sex ratio
imbalance is not the sole reason for the global current account imbalances in recent years, it could be

one of the significant, and yet thus far unrecognized, factors.

A desire to enhance one’s prospect in the marriage market through a higher level of wealth could
be a motive for savings 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 at birth and
in the marriage age cohort is a common demographic feature in many economies, especially in East,
South, and Southeast Asia, such as Korea, India, Vietnam, Singapore, Taiwan and Hong Kong, in
addition to China. In many economies, parents have a preference for a son over a daughter. This used
to lead to large families, not necessarily an unbalanced sex ratio. However, in the last three decades,
as the technology to detect the gender of a fetus (Ultrasound B) has become less expensive and more
widely available, many more parents engage in selective abortions in favor of a son, resulting in an
increasing relative surplus of men. The strict family planning policy in China, introduced in the early
1980s, has induced Chinese parents to engage in sex-selective abortions more aggressively than their
counterparts in other countries. The sex ratio at birth in China rose from 106 boys per hundred girls
in 1980 to 122 boys per hundred girls in 2007 (see Wei and Zhang, 2009, for more detail). It may not
be a coincidence that the Chinese current account surplus started to garner international attention
around 2003 just when the first cohort born after the implementation of the strict family planning

policy was entering the marriage market.

Throughout the model, we assume an exogenous sex ratio. Given the large size of the population

in any marriage market, it is reasonable to assume that individual families take the sex ratio as given



(and ignore the impact of their individual sex selective abortions on the aggregate sex ratio).

There are three literatures related to the current paper. First, 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 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 (or parents with sons), it is a favorable shock to
women (or parents with daughters). Could the latter group strategically reduce their savings so as
to completely offset whatever increments in savings by men or parents with sons? 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, this literature has no discernible impact in policy discussions on
current account imbalances. For example, while there are voluminous documents produced by the
International Monetary Fund and speeches by U.S. officials on China’s high savings rate and large
current account surplus, no single paper or speech thus far has pointed to a possible connection with

its high sex ratio imbalance.

A second related literature is the economics of family, which is 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. None of the papers in this literature explores the general

equilibrium implications for aggregate savings and current account from a change in the sex ratio.

The third literature examines causes of a rise in the sex ratio. The key insight is that the
proximate cause responsible for a majority of the recent rise in the sex ratio imbalance is sex-selective
abortions. The sex selections have been made increasingly possible by the spread of Ultrasound B
machines, which explains why the dramatic rise in the sex ratio in so many countries is a relatively
recent phenomenon. 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 choose to have fewer children than the 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 (2009)

examines parental sex selections and their welfare consequences.

The rest of the paper is organized as follows: in Section 2, we provide some international evidence
that sex ratio may have significant impact on a country’s current account. In Section 3, we present
a benchmark model with no intra-household bargaining. In Section 4, we consider an extension of

the model that allows for intra-household bargaining, and show that the key propositions still hold.



In Section 5, we calibrate the model to see if the sex ratio imbalance can produce changes in the
aggregate savings rate and current account whose magnitudes are economically significant. Section 6

offers concluding remarks and discusses possible future research.

2 Some International Data Patterns

To motivate the subsequent theoretical model, we provide some cross-country evidence on the
relationship between a country’s sex ratio and its (non-government part of the) current account. We
define a country’s non-governmental part of the current account as its current account balance minus
its government savings (or government revenue minus expenditure), divided by its GDP. We exclude
government savings because our theory is about private sector savings. (Because the ratio of govern-
ment savings to GDP has a large variance across countries, it adds noise to the estimated relationship

between the non-governmental part of the current account and the sex ratio.)

In Figure la, we plot the ratio of the non-governmental part of the current account to GDP in
2006 against the sex ratio for cohort of age 0-15 for all countries for which we can obtain relevant data.
The year 2006 is chosen because it is relatively recent (when the global current account imbalances
had become a policy issue but the world had not entered a global financial crisis), and the data are
available for a large number of countries. The age group 0-15 is chosen for the sex ratio to maximize
country coverage. Current account and GDP are from the World Bank’s WDI database. The sex ratio
data is obtained from the World Factbook.

There is a visible positive correlation between the two variables. The slope coefficient of the
fitted line is statistically significant at the one percent level, with a point estimate of 125.5 and a
standard error of 44.9. In other words, those countries with a higher sex ratio also tend to have a

higher private-sector current account to GDP ratio.

Economic theories suggest that other factors can affect a country’s current account. We run a
multivariate regression of the ratio of non-governmental current account to GDP on sex ratio and other

control variables. To be precise, the specification equation is the following;:
cagdp; = By + [ - sex ratio;, + $,2; + ¢

where cagdp; is the ratio of a country’s current account minus government saving to its GDP. Our
choice of the control variables is guided by the life-cycle theory, precautionary saving theory, and
financial development theory. We therefore include variables in Z; log per capita GDP, the share of
working age people in the population (a proxy for life-cycle theory), social security expenditure as a
share of GDP (a proxy for the precautionary saving theory), private credit to GDP ratio (a commonly

used proxy for financial development), and continental dummies (a proxy for possible cultural factors).

The share of working age in the population and private credit to GDP ratio are obtained from



the World Bank’s WDI database. Social security expenditure as a share of GDP data is obtained from
the International Labor Organization (ILO) database. A series of regressions are reported in Table
la, where the set of control variables is progressively enlarged. In each regression, we have a positive
and statistically significant coefficient on the sex ratio: as sex ratio becomes more unbalanced, the
current account balance tends to go up. This result still holds after we exclude potential outliers (in
particular, Kuwait, which has a very large current account surplus in 2006). From Table la, as sex
ratio rises from 1.03 (normal biological level without sex selection) to 1.15 (China’s sex ratio), based
on the last column, current account will rise by around 15 percent. Since China is close to be on the

regression line, it does not have a significant effect on the magnitude of the slope coefficient.

In Table 1a, we find that the financial development index has a significantly negative coefficient as
the theory predicts. This means that a country with an under-developed financial market tends to have
a current account surplus. The age profile of populations and the social security expenditure index
produce some puzzling patterns. In contrast to the life-cycle theory and precautionary saving theory,
the share of working age population has a negative coefficient and social security expenditure as a
share of GDP has a positive coefficient. The coefficients mean that old-age households and households
with children save more than do households in between, and people save more even though they may
get more social security benefits. However, those coefficients are not significant in several regressions
which means that life-cycle theory and precautionary saving theory are not capable of explaining the

global current account imbalances.

The intertemporal theory predicts that a country’s current account should be very sensitive to
temporary shocks. To minimize the influence of year-to-year fluctuations in the current account due to
temporary shocks, we also conduct a robustness check whereby the dependent variable is the average
ratio of non-governmental current account to GDP over a five-year period (2004-2008). The bilateral
relationship between the average current account/GDP ratio and the sex ratio is presented in Figure 1b.
A strong positive association is still clearly visible. In Table 1b, we report a similar set of regressions
where the set of controls is expanded progressively. Again, the positive relationship between the local

sex ratio and the local non-governmental current account is robust and statistically significant.

We also study the relationship between a country’s sex ratio and its savings rate (% of GDP). In
Figures 2a and 2b, we plot a country’s aggregate savings rate against its sex ratio, and find a strong
positive correlation between the two variables. Tables 2a and 2b provide the regression results. The

coefficients on the sex ratio in all the regressions are always positive and significant.

There are many caveats with the empirical patterns. First, in spite of our best effort, there may
still be potential control variables that are missing from our list. Second, because the sex ratio data
are not available for most countries in earlier years, we are not able to conduct a panel regression. In
any case, the sex ratio is likely to be strongly serially correlated, which would have required a long time
series to successfully identify the parameters in a panel regression with fixed effects. Third, the sex
ratio can be endogenous and/or measured with errors. This would normally call for an instrumental

variable approach. At this point, we are not able to come up with convincing instrumental variables



in a cross-country context. We note, however, that Wei and Zhang (2009) realize the possibility of
endogeneity and measurement errors in their context and address it with a two-stage least squared
approach. In particular, they use regional variations in financial penalties for violating birth quotas
and variations in the proportion of local population that is legally exempted from the family planning
policy as instruments for local sex ratio. With the instrumental variable approach, they find that the

positive association between the local savings rate and the local sex ratio continues to hold.

Because of these caveats, we do not claim to have proved a causal relationship from the sex ratio
to the current account across countries. The modest aim of this section is to point out the existence
of a positive association across countries between a country’s sex ratio and its current account, a
pattern not previously recognized by the literature. The primary objective of this paper, however,
is to construct a theoretical model to investigate how a change in the sex ratio may affect aggregate

savings behavior and the current account balance.

3 The Benchmark Model

We construct an overlapping generations model with two sexes. Both men and women live two
periods: young and old. An individual (of either sex) receives an exogenous endowment in the first
period and nothing in the second period. She or he consumes a part of the endowment in the first
period and saves the rest for the second period. Each person can only get married at the beginning of

the second period; each person can decide either to be single for life or to enter the marriage market.

A marriage can take place only at the beginning of the second period, and only between a man
and a women from the same generation. Once married, the husband and the 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 the
wife can each consume more than half of their combined second period income - the exact proportion
is an exogenous parameter to be explained below. In addition, everyone is endowed with an ability
to give his/her spouse some emotional utility (or "love" or "happiness"). 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 the individual enters the

marriage market.

Each generation is characterized by an exogenous ratio of men to women ¢(>= 1). All men
are identical ez ante, and all women are identical ez ante. (They are different ex post, because their
realized values of the emotional utility may be different.) Men and women are symmetric in all aspects

except that the sex ratio may be unbalanced.

We proceed in six steps. First, we start with a representative woman’s optimization, followed by
a representative man’s optimization problem. Second, we describe how the marriage market works.

Third, we perform comparative statics, in particular, on how the savings rates change in response to



a rise in the sex ratio. Fourth, we consider a small open economy with production and discuss the
current account response to a change in the sex ratio. Fifth, we solve for a two-country model in which
the global interest rate is endogenous. Sixth, we use numerical calibrations to see if the model can

deliver current account responses that are economically significant.

3.1 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

remains single, then her second-period consumption is
w, w
Cow,n = Rs%y

where R, y" and s" are the gross interest rate, her endowment, and savings rate, respectively. Let V"

denote her value function if she chooses to be single for life, which is given by

V! = maxu(Cru,n) + Bu(cauw,n)
g

If she is married at the beginning of the second period, her second-period consumption is

Cow = Kk (RsVy" + Rs™y™)

where y" and s™ are her husband’s first period endowment and savings rate, respectively. (% =<
k =< 1) represents the notion that consumption within a marriage is a public good with congestion.
As an example, if a couple buys one car, both spouses can use it. If they are both singles, they may
need to buy two cars. When k = %, then the husband and the wife only consume private goods. When

% = 1, then all the consumption is a public good with no congestion'.

If she decides to enter the marriage market, her optimal savings rate is chosen to maximize the

following objective function:

V* = maxu(erw) + BE [u(caw) + 1™

1By 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 k to be gender specifc, and be a function of the sex ratio and the relative
wealth levels of the two spouses, along the line in 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.



subject to the budget constraints that

cw = (1—s")y" (3.1)
o Kk (Rs™y" + Rs™y™) if marri.ed (3.2)
Rs“y" otherwise

m

where E is the 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 (2009) also introduces

a similar "love" variable.

We allow for a mixed strategy: the representative woman chooses the probability of entering the
marriage market p*, a savings rate if she decides to enter, and a separate savings rate if decides to

abstain from the marriage market. The optimization problem is
max pUV¥ 4+ (1 —p)V, )b

n
pY,sv, sy

Obviously, she will choose p =1 if and only if V* > V.

3.2 A Representative Man’s Optimization Problem

A man’s problem is symmetric to a women’s problem. In particular, if he is single throughout his
life, his second period consumption is
Com,n = Rsmym

The value function for a man who chooses to be a life-time bachelor is
v = n;gxu(clm,n) + Bulcam,n)
If he is married, his second period consumption is
Com = Kk (Rs"y" + Rs™y™)
If a man decides to enter the marriage market, he chooses his savings rate to maximize the

following value function

V™ = maxu(ern) + BE [u(cam) + 17"



subject to the budget constraints that

cim = (1—s™)y™ (3.3)
P K (RsYy" + Rsmy™) if marri.ed (3.4)
Rs™y™ otherwise

where V™ is his value function when he chooses to enter the marriage market. n" is the emotional

utility he obtains from his wife, which is drawn from a distribution function F".

Similar to the representative woman, the representative man chooses the probability of entering
the marriage market p™ as well as two potentially separate savings rates. The optimization problem
is

max p"V™ 4+ (1= p™)V "

n
P LsT ST

He decides 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.

3.3 The Marriage Market?

In the marriage market, everyone ranks the members of the opposite sex by a combination of two
criteria: (1) the level of wealth (which is determined solely by the first-period savings if the endowment
is identical across all individuals), and (2) the size of "love" he/she can obtain from his/her spouse.
More precisely, a woman 4 prefers a higher ranked man to a lower ranked one, where the rank on man
J is given by u(caw,i ;) + n7'. Symmetrically, man j assigns a rank to woman ¢ based on the utility he
can obtain from her u(cay, ;.;) + 1. (To ensure that the preference is strict for both men and women,
when there is a tie in terms of the above criterion, we break the tie by assuming that a woman prefers

jif j < j" and a man does the same.)

The exact size of "love" or emotional utility is only revealed in the second period. Because all
men (and women) are the same ez ante, all men make the same savings decisions (and all women also

make the same decisions).

The marriage market is assumed to follow the Gale-Shapley algorithm, which specifies the follow-
ing: (1) Each man proposes in the first round to his most preferred 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 are still available.
Each available women in round k holds the proposal from her most preferred man and rejects the
rest. (3) The procedure repeats until no further proposals are made. With our setup, the algorithm
produces a unique and stable equilibrium of matching between men and women (Gale and Shapley,
1962; and Roth and Sotomayor, 1990) 3.

2We use the word" market" informally here. The pairing of husbands and wives is not done through prices.
31f only women can propose and men respond with defered acceptance, the same matching outcomes will emerge in



For woman ¢, let 7} denote the mapping from J to N:
i’ J —= N

where 7¥(j) € N is the ranking of man j by woman ¢, J is the set of index on men and N denotes
the set of natural numbers. Given all her rivals’ (s*, n*) and all men’s (s™, n™), her probability
density function to be matched with man j is denoted by g’ (71';"(])| s’fi,nlﬁi,sm,nm). Her second

period expected utility is
[ [ wleanis) +ops w(Rspye) o (RG] 2 s™ ™) )
e ]
= [ Tucanin) + 7T (REGI 5™ ™) d )

[ By g (m G s ™) e )
m
where 7% is her threshold ranking on men. Any lower-ranked man, or any man with 7} > 7%, won’t

be chosen by her.

Let I denote the index on women. Since there are (weakly) fewer women in the economy than
men by assumption, we expand the set I to I such that I and J have the same number of elements.

For man j, we define 7" the mapping from ItoN.
ﬂ';” 1 — N

where 77'(i) € N is man j’s ranking of woman i, 7" (k) = k, k > "™ where i"™** is the last woman
in set I. Given all his rivals (s, n™) and all women’s (s, ), man j’s probability density function
to be matched with woman i is denoted by ¢’ (7r§”| sTn™, s“’,nw). For all & > i™®* we integrate

m

g’ (77';"’ h"‘j,n_j,hw,nw) and obtain the probability that man j is matched with any woman. His

second-period expected utility is
/maX [ w(Cam,ji) + 1, u(RsTy") } g (7™ m™, s ") dnll
7Tr .
N / [ (cam i) + il g (73] 8750y, 8%, 0") dry!

+/ u (RsTyf") g (7| s ™y, 8%, 0") dnlf?
i

J

where 77" is his threshold ranking on all women. Any woman with a poorer rank, 77" > 7", will not

be chosen by man j.

We assume that the density functions of ™ and n" are continuously differentiable. Since all men

our simple setting. What we have to rule out is that both men and women can propose, in which case, we cannot prove
that the matching is unique.
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(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 matched. In

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

1-=F*(n") = ¢(1-F"(M(1n"))
=
e )

For simplicity, we assume that n* and 1™ are drawn from the same distribution, F* = F™ = F.

" is assumed to be sufficiently

Furthermore, the lowest possible value of the emotional utility 7™
large that everyone desires to be married. We also assume that there exists a small and exogenous
possibility p that a woman may not find a marriage partner due to frictions in the marriage market.
The last assumption plays no role in the analytical part of the model but will simplify the quantitative
calibrations later. In equilibrium, given all her rivals’ saving decisions and 1", woman ¢’s second period
utility is

max

n -
umm#w+3wmw+/ M2 )AE ()

nmin

(1—-p) + pu(Rs"y")

where 7Y = u(k (Rs{’y™ + Rs"y™)) — u(k (Rs¥y* + Rs™y™)) + n™.

Due to the symmetry, we drop the sub-index ¢. For a woman who chooses to enter the marriage

market, given men’s savings decisions, her first order condition is

dcaw O [ M (™) dF™ (™)
! w _ /
UywY +B(1 p) lUQw Hsw + Osw

+ Py, Y =0 (3.5)

where ~
oM7) dF (i)
osw

ity | [ AP G) + 26 )

Similarly, for a man who decides to enter the marriage market, his second-period utility is

max

(1) |37 (e oty + ™))+ [ ) dE G

| +[1=p) (1= 57+ p| u(Rspy™)
M (pmin)

where 7 = u (k (Rs“y® + Rs™y™)) — u(k (Rs“y® + Rs™y™)) + n™ and & is the probability he
n] J 77.7 J

gets married

07 = Pr(u(caw(h)) — ulcaw) +1j > M(n™™")| Rs“y", Rs™y™)
= 1= F(M®™) - u(caw(j)) + u(caw)) (3.6)
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If he chooses to enter the marriage market, the first order condition for him is

m Cam OM Y (™) 1 7m (~m
0 uém 86827"" + fM(nmm) %d}? (77 )

_u/mym+ﬁ(1_p) : i
1 +f (M(ﬁmm)) ul2w %22’:5 (u2m — Uz + nmln)

+[(1=0™) (1 = p) + plug,, ,y" =0

(3.7)

where

8M_1 " [ (=m - m m
[ B ) < iRy [ (0 G arG)
M (ymin) S M (mmin))

3.4 Equilibrium Savings Rates

We assume that population growth rate is zero, and women and men receive the same first period

W = y™ = y). Before period ¢, the economy has a balanced sex ratio. In period ¢, the sex

income (y
ratio for the young cohort becomes ¢. We first show that if the sex ratio is balanced (¢ = 1), and the
mean value of emotional utility is large enough, the dominant strategy for both women and men is to
enter the marriage market. In this case, s* = s™ = s, and s can be obtained from solving the set of

first order conditions (3.5) and (3.7), both of which can be simplified to be:

7] oL
iy + 81— ) |52 + 22 gt 0

where we use the fact that at ¢ = 1, M (np™in) = pmin,

We rewrite the first order condition as
—uj + (1 —p)rub (2+ M (™) f(n™™)) + pu, =0 (3-8)

and can solve for the optimal savings rates.

The first key proposition is about the effect of a rise in the sex ratio on the aggregate savings rate.
The thought experiment assumes that people in the old age cohort have made their savings decision
when the sex ratio is balanced. When the sex ratio rises, any change in the aggregate savings is driven
by a change in the savings by the young cohort. This simplifying assumption is motivated by the
reality: A rise in the sex ratio in almost all economies is a recent phenomenon. More precisely, while
the diagnostic sonography used for prenatal checkups was available since the 1960s, the procedure
became gradually more affordable to ordinary people in countries that currently have a high sex ratio
only since the 1980s. (The strict version of the Chinese family planning policy, another contributor
to the spread of sex-selective abortions, was also put in place in the early 1980s.) For this reason, the

savings pattern for the currently old was largely decided when there was no severe sex ratio imbalance.

In what follows, whenever we say a man (or a woman), we mean a young marn, or a young worarn,
unless otherwise specified. We first state the proposition formally, and then explain the intuition behind

the key parts of the proposition. A detailed formal proof is provided in Appendix A.
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Proposition 1 There exist two threshold values, ¢; and ¢, where ¢ < ¢4, that satisfy V'™ = V"
and % = 0 respectively. For ¢ < ¢4, both women and men choose to enter the marriage market with
probability one. In addition, (i) for any ¢ < ¢y, as the sex ratio rises, a representative man (weakly)
increases his savings rate while a representative woman (weakly) reduces her savings rate. However,
the economy-wide savings rale increases unambiguously; (1) For ¢, < ¢ < ¢, as the sex ratio rises, a
representative man keeps his (high) savings rate constant but a representative woman raises her savings

rate. The aggregate savings rate increases.

Proof. See Appendix A. =

A few remarks are in order. First, if the expected emotional utility from a marriage is sufficiently
large, the dominant strategy for both men and women is to enter the marriage market for a broad range
of the sex ratio (or more precisely, for ¢ < ¢,). We can see the intuition in the following way. When
the sex ratio is balanced, both men and women strictly prefer to be married than to be single. If both
the utility function and the density function of n are continuously differentiable (which we assume), in
the neighborhood of ¢ = 1, entering the marriage market must also be a dominant strategy for both

women and men.

Second, the proposition says that when the sex ratio rises, up to a point, a representative man
raises her savings rate, while a representative woman reduces her savings rate, but the aggregate
savings rate goes up unambiguously. The representative man raises his savings rate partly because
the need to make himself more competitive in the marriage market becomes greater as the sex ratio
(or the unconditional probability of not getting a wife) increases. Why does the representative woman
reduce her savings rate? Because she understands that a higher sex ratio makes her future husband
save more and therefore she doesn’t need to sacrifice her first-period consumption as much as she used
to. Why is the increment in men’s savings greater than the decline in women’s savings? Intuitively,
a representative man raises his savings rate for two reasons: in addition to improving his relative
standing in the marriage market, he also raises his savings rate to make up for the lower savings rate
of his future wife. The more he anticipates his future wife to cut down her savings, the more he would
have to raise his savings rate to compensate. This ensures that he raises his savings by an amount
greater than any reduction in her future wife’s savings. In addition, when the sex ratio is above one, a
representative man has to save more than a representative woman. A rise in the sex ratio also implies
a rise in the proportion of population that has a higher savings rate. Both channels contribute to a
rise in the aggregate savings rate, but the first channel (the incremental competitive savings by any
given man) is more important than the second effect (a change in the composition of the population

with different saving propensities).

Third, ¢, is the threshold at which a man is indifferent between increasing his savings rate further
in order to improve his chance in the marriage market and switching to a mixed strategy that assigns
some probability of not entering the marriage market. In other words, ¢, is the level of sex ratio at

which the representative man is indifferent between entering the marriage market or not, V'™ = V™.
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The value of the threshold can be very high if a man’s biological desire to be matched with a female
is strong enough. In the calibrations that we will report later, the threshold is always higher than the
highest sex ratio observed in the data. In other words, the sex ratios in the real world appear to be

always below this threshold.

Finally, beyond the first threshold, ¢,, if the sex ratio continues to rise, up to another threshold
(¢5), men would switch to a mixed strategy (that assigns some probability of not entering the marriage
market) if women do nothing. Due to the benefits associated with marriage, women would not find
it optimal to do nothing and let some good men to skip the marriage market. By raising their own
savings rate, women can succeed in enticing men to come back to the marriage market. However,
beyond the second threshold ¢, if the sex ratio continues to rise, the required sacrifice for women
in terms of reduced first-period consumption becomes too large for them to continue to raise their
savings rate. At that point, women would keep their (high) savings rate constant, and let men play
their mixed strategy. More formally, ¢, is the level of sex ratio at which % = 0. In other words, ¢,
can be solved by equation

w
(20~ DI + ) G 5B ] =0
Since the sex ratios in the real world are unlikely to reach the first threshold ¢,, it is even less likely
to reach the second threshold ¢,.

3.5 A Production Economy

To analyze how the sex ratio imbalance affects a country’s current account imbalance, we need
to compare economy-wide savings with investments. In this subsection, we introduce a production
sector. We assume that both the final good market and the factor markets are perfectly competitive.

The production function is Cobb-Douglas:
Q- crr L 9)

where K is the capital stock and L; is the labor input. « is the share of capital input to total output
and ¢ is the total factor productivity (TFP). Everyone in the economy inelastically supplies one unit

of labor and earns the same income®.

A representative firm maximizes the profit

— Ry Ky — L
%ﬁé@t Ry Ky — Wiy

4 Allowing men and women to earn different wages (with a fixed proportional gap) would not change our results.
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The capital return and the wage rate are determined by

a 1 11—«
W, = g—%:(l—a)gl(f (3.11)

where we normalize the aggregate labor supply in the economy to be 1, i.e., Ly = 1.

For simplicity, we assume no tax or government expenditure; then y, = W, where y, is the
corresponding first period income in the endowment economy. We also assume complete depreciation
in each period. The aggregate capital supply in period ¢+ 1 is predetermined by the aggregate savings

in period t
¢
1+¢

1
Kts—i-l = s?‘Wt + 17810Wt (312)

+9¢

3.6 Current Account in a Small Open Economy

In a small open economy, we assume that capital can flow freely among countries and the gross
interest rate R is exogenously determined by the rest of the world. By (3.10) and (3.11), the wage rate

is also a constant, and the aggregate investment in the economy is

OéWt

K= ———
¢ (1 — OZ)Rt

(3.13)

Substituting (3.10) and (3.13) into the production function, we have

W,
l—«

Q=

The current account in period ¢t equals the increase in the country’s net foreign assets,
ANFA; =Q;+(R—1)-NFA,_1 — Cyy — Coy — Ky

where (R — 1) - NFA;_; is the factor income from abroad. C4; and Cy; represent the aggregate

consumptions by the young and the old cohorts, respectively. Then

ANFA, = Ls;"Wt +

w d
1+¢ StWt_NFAt—l_Kt+1

1
1+¢

The economy-wide savings rate is

_ Qi+ (R—-1)-NFA,_1 — Cyy — Cyy

5 o (3.14)
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We assume that the country has a balanced sex ratio in period ¢ — 1, and the sex ratio in the
young cohort in period ¢, rises from one to ¢(> 1). Then the ratio of the current account to GDP is
Qi+ (R—-1)-NFA,_; —Cyy — Cy — Kg+1

cap = 0, (3.15)

1
(I-a) <1f¢5;n+ 1+¢5§U—5t1)

where the second equality holds because®

NFAyy =8 aWy1 — K{!
where s;_1 is the savings rate by the cohort born in period ¢ — 1. Since the sex ratio is balanced at

that time, both the women and the men will have the same savings rate.

Since the wage rate is constant in the small open economy, we can show that a country’s current

account rises as its sex ratio rises (up to a point).

Proposition 2 If ¢ < ¢, the economy-wide savings rate and the current account in period t are

increasing in ¢, where ¢, is as defined in Proposition 1.5

Proof. See Appendix B. m

The assumption of an exogenous interest rate holds only for a small open economy. But some
of the countries that motivate this study are large. An increase in the savings rate in such economies
could lower the world interest rate, which could alter investment and savings decisions in all countries.

We examine the large country case in the next subsection.

3.7 Two Large Countries

Consider a world consisting of only two countries. They are identical in every respect except for
their sex ratios in period ¢ (they both have balanced sex ratios in period ¢t — 1). Country 1’s sex ratio
#' is smaller than Country 2’s sex ratio ¢. There are no barriers to either goods trade or capital flows

(although labor is not mobile internationally). We can show the following result:

Proposition 3 Country 1 runs a current account deficit while country 2 runs a current account surplus
in period t as long as 1<=¢' < ¢* < 0y.

Proof. See Appendix C. m

In overlapping generations models, net foreign asset is equal to the difference between the savings by the young
cohort and the domestic investment demand.

6If we introduce tax and government expenditure, then the non-governmental part of the current account will rise as
the sex ratio becomes more unbalanced.
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To see the intuition, let us fix ¢' = 1 (i.e., Country 1 has a balanced sex ratio). If Country 2
were to have a balanced sex ratio, the current account must be zero for both countries since they are
identical in every respect. In other words, within each country, the investment must be equal to the
aggregate savings. However, the sex ratio imbalance in Country 2 causes it to have a higher aggregate
savings for a given world interest rate. This depresses the world interest rate. The lower interest rate
raises the investment level in both economies (and reduces the savings rate a little bit). This must
imply that the desired investment level in Country 1 is now greater than its desired savings rate. As a
result, capital flows from Country 2 to Country 1. That is, Country 1 runs a current account deficit,

and Country 2 a surplus.

3.8 Welfare

We now consider what a hypothetical welfare-maximizing central planner would do. There are
two sources of market failures that the central planner would avoid: (a) men save competitively to
improve their relative standing in the marriage market; and (b) both men and women may under-save
as they do not take into account the benefits of their own savings for the well-being of their future
spouses. The central planner assigns the marriage market matching outcome and optimally chooses

women’s and men’s savings rates to maximize the social welfare function,

1 o
max U = Uv + um
* 1+¢ 1+ ¢
The first order conditions are
_u/lw + 2(1 - p)’%uéw + pu/Qw,n =0 (316)
2(1 — 1

Comparing (3.16), (3.17) to (3.5) and (3.7), in general, it is not obvious whether women or men will
save at a higher rate in a decentralized equilibrium than that under central planning. However, when
¢ = 1, since women and men have the same optimization problem, by (3.8), if f(n™™)M (n™*) > 0,
then women and men will save more in the competitive equilibrium. If f(n™i®)M (n™") is sufficiently

small, the competitive equilibrium is very close to the central planner’s economy.

There are two opposing effects. On one hand, a part of the savings in the competitive equilibrium
is motivated by a desire to out-save one’s competitors in the marriage market. The increment in
the savings, while individually rational, is not useful in the aggregate, since when everyone raises the
savings rate by the same amount, the ultimate marriage market outcome is not affected by the increase
in the savings. In this sense, the competitive equilibrium produces too much savings. On the other
hand, because the savings contribute to a pubic good in a marriage (an individual’s savings raises the
utility of his/her partner), but the individual in the first period does not take this into account and

may under-save relative to the social optimum. These two effects offset each other. Therefore, when
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¢ = 1, the final savings rate in the decentralized equilibrium could be close to the social optimum.

In calibrations with a log utility function, we will show that men’s welfare under a decentralized
equilibrium relative to the central planner’s economy declines as the sex ratio increases. In comparison,
women’s relative welfare increases as the sex ratio goes up. The social welfare (a weighted average of

men’s and women’s welfare) goes down as the sex ratio rises.”

As a thought experiment, one may also consider what the central planner would do if she can
choose the sex ratio (in addition to the savings rates) to maximize the social welfare, the new first
order condition with respect to ¢ is

um—-uUv=0 (3.18)

The only sex ratio that satisfies (3.18) is ¢ = 1. In other words, the central planner would have chosen

a balanced sex ratio. Deviations from a balanced sex ratio represent welfare losses.

4  Extension: Intra-household Bargaining

In the benchmark model, we abstract from bargaining between a husband and a wife within
a marriage. Chiappori (1988 and 1992) and Browning and Chiappori (1998), among others in the
literature on the economics of family, have considered intra-household bargaining, and emphasized
that the relative income between the husband and the wife matters. In this section, we extend the
benchmark model by allowing the relative bargaining power to be a function of the sex ratio and
relative wealth. We assume that everyone consumes two goods in the second period, a public good

(e.g., a house) and a private good. The aggregate second period consumption index is

z?hlf7

7’}/7(1 _ ,7)1—7 T =w,m

C2j =
where z,, and z,, are private goods consumption by women and men respectively. h is the public good

consumption.

A representative household maximizes the weighted sum of the utilities of the husband and the
wife. Let p denote the weight on the wife’s utility, which represents her bargaining power in the family.

Then the household’s optimization problem is

max  pu(cay) + (1 — p)u(cam)

Rz, 2m

with the resource constraint
Zw + 2m +h = Rs“y" + Rs"y™ (4.1)

"The results are similar if we change the utility function to a CRRA form.
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If we assume u(c) = % (0 > 1), solving the household’s maximization problem, we have

styw + Rsmym

Lo (1 = |
+(15)

Rs“y" + Rs™y™
=1
|:1+ (ﬁ) -7+ v:|

If p= %, this is the case in our benchmark model and % <K=277<1.

More generally, similar to Browning et al (1994), we assume p to be an increasing function in the

sex ratio ¢, the relative wealth, and 1", a decreasing function in 1", then

cow = kY (Rs"y" + Rs"y™)
com = K" (Rs"y" + Rs™y™)
where
1 — 1+9 -
kY = |1+ (_“) (4.2)
1
m

14 (1Mu> 1#97] B (4.3)

We denote the derivatives we will use as following:

or™ oK™
Kil} = a;fl S 0, KZ;” = ai(b S 0
oK"Y OR™
) = Rliu w Z 0’ ﬁ;n = Rlin m >0
9 (Rsmzm> 9 (stz )
AW KM
— O7 mo__ > 0
" o =T g =
w m
,‘{}Z} = ai S O7 K”ZL = 8“ S O
on™ on®

For simplicity, we assume that k* = k™, if ¢ =1, Rs"y" = Rs™y™ and n* = n™.

We assume y* = y™

= y. To simplify the discussions, we make several additional assumptions.
Assumption E1:

Ok’ 1 0’

S S
ol kY T ub;co;
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This means that the elasticity of the bargaining power for household member i is small enough
given the relative wealth between women and men. This assumption ensures that u(k(RsYy™ +
Rs™y™)) + 1’ is increasing in 77, i.e., everybody wants her/his spouse to have a higher 7. Therefore,

in equilibrium, the mapping that results in an assortative matching M still holds.

Assumption E2:

; Rs'y’ o
OK" RSJZJ - Rs’y?
9 (gs]v]> k' T Rsiyt + Rsiyd
57y

This ensures that each person prefers a wealthy spouse even though this may reduce his/her

bargaining power within the household.

Assumption E3: In the second period, for the man who enters the marriage market with type
M(nmin)’ u<02m) + nmin _ U(CQm,n)~

This implies that the marginal married man is indifferent between getting married and staying
single. This assumption is reasonable because ez ante men do not know their type and make the same
savings decision. In the second period, the woman matched to the man of type M (n™") makes an
intra-household allocation offer that would make the man slightly happier than being single. If he does
not accept the offer, the next ranked man may accept the offer, which would have resulted in a welfare

loss to the man of type M (n™"). Hence, he accepts the offer.

Assumption E4: ki, is either positive or small in its absolute value, i = w, m.

Given these assumptions, and as assumed in the benchmark that the sex ratio in the old cohort

is balanced, we can show the following proposition.

Proposition 4 (i) When the sex ratio is in the neighborhood of ¢ = 1, both men and women enter the
marriage market with probability one. As the sex ratio rises, a representative man’s savings rate rises,
but the response by a woman’s savings rate is ambiguous. However, the aggregate savings rate rises
unambiguously. (i) For ¢ < ¢5,% women and men enter the marriage market with probability one.
For sufficiently large k% (i = w,m), as the sex ratio rises, up to ¢, a representative man’s savings
rate rises while a representative woman’s savings rate declines. The aggregate savings rate increases
unambiguously. As the sex ratio continues to rise, beyond ¢, but up to ¢, a representative woman’s
savings rate rises while a representative man keeps his (high) savings rate constant. The aggregate

savings rate increases unambiguously.

Proof. (See Appendix D). m

In Part (i) of Proposition 4, the ambiguity in a woman’s response to a rise in the sex ratio comes

from two opposing forces. On the one hand, she wishes to free ride on her future husband’s higher

8¢1 and ¢, are defined in Proposition 1.
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savings rate by reducing her own savings rate. On the other hand, she does not wish to see an erosion
in her intra-household bargaining power, and one way to protect her bargaining power is to raise her
own savings rate. This ambiguity on the part of the women’s savings does not affect the comparative
statics on the aggregate savings. Even if the women do not raise their savings rate to preserve intra-
household bargaining power, we already know from Proposition 1 that in the aggregate, the increment
in men’s savings is always more than enough to offset any decline in women’s savings. Any increase
in women’s savings out of concern for intra-household bargaining power can only further increase the

response of the aggregate savings to a rise in the sex ratio.

In Part (ii), when % is sufficiently large, men’s incentive to raise savings is strong. Given our
other assumptions, even if a woman raises her savings, the contribution to her bargaining power within
the family is relatively small. In this case, she may as well consume more in the first period and free

ride on her husband’s savings in the second period.

As for the aggregate savings rate, the qualitative results are similar to Proposition 1. As a result,

it is easy to verify that all open-economy conclusions still hold with this extension.

5 Calibrations

The analytical model presents conditions under which a rise in the sex ratio leads to an increase
in a country’s current account surplus. Are the actual sex ratios observed in the data capable of
generating a current account response whose magnitude is economically significant? We answer this
question in this section by quantitative calibrations of the model. We start with a small open economy,

and move on to two cases of a large economy.

5.1 The Small Open Economy
Assume that the utility function is of the log form
u(c) = In(c)
In the calibrations for a small open economy, we fix R = 5. (In the large country case, the interest

rate is endogenously determined.)

The emotional utility  needs to follow a continuously differential distribution. In the benchmark
calibration, we assume a truncated normal distribution which might be more realistic than a uniform
distribution used in the analytical model. We choose a standard deviation that is relatively tight,
o = 0.01. This limits the extent of heterogeneity among women (or men) in the eye of the opposite
sex. We truncate the distribution at the 1% in the left tail and at the 99% in the right tail.

We choose the mean value of the emotional utility /love to match the existing empirical estimates
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of the value of marriage. Holding other factors constant, the income equivalent of a marriage can be
defined as the extra monetary compensation to a life-time bachelor that would make him indifferent

between being married and single.

u (Hlﬁ(l + m)y) =u (H1By> +E(n)

where m is additional income multiplier paid to a life-time bachelor for being single, and ﬁ(l +
m)y is his second period consumption. Blanchflower and Oswald (2004) estimated econometrically a
relationship between subjective well-being and income and marital status (and other determinants of
happiness) in the United States during 1972-1998. From that estimation, they infer that, on average, a
lasting marriage is equivalent to augmenting one’s income by $100,000 (in 1990 dollars) per year every
year. Since the average income per working person was about $48,000 during that period, a sustained
marriage is worth 2 times the average income. We therefore choose m = 2 as the benchmark. This

implies that the mean value of the emotional utility/love is:

r=s(2) ()

We will vary the value of m in the robustness checks.

For other parameters, whenever possible, we assign values that are consistent with the standard

literature.
Choice of Parameter Values
Parameters Benchmark Source and robustness checks
Discount factor 8 =045 Prescott (1986), discount factor takes value 0.96
based on annual frequency. We take 20 years as
one period, then § = 0.96%° ~ 0.45
Share of capital input a=0.35  Bernanke, Gertler and Gilchrist (1999)
Congestion index k=0.8 k = 0.7,0.9 in the robustness checks.

Marriage market friction® p=10.02 p = 0.05 in the robustness checks
Love, standard deviation o =0.01 o = 0.05 in the robustness checks

Love, mean m =2 m = 0.5 in the robustness checks

In Figure 3, we plot the aggregate savings rate as a function of the sex ratio (which changes from
1 to 1.5). In the benchmark calibration, when the sex ratio goes up from 1 to 1.15, the savings rate
would go up by 10.3 percentage points. For comparison, according to the last regression reported in

Table 1b, the same increase in the sex ratio is associated with an increase in the savings rate by 16.1

9p is the exogenous possibility that any individual (a women or a man) entering the marriage market is bumped off
the market independent of the sex ratio.
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percentage points. This suggests that the benchmark model, while producing quantitatively significant

current account responses, may still under-predict the true magnitude of the responses in the data.

We conduct a series of robustness checks by considering different combinations of the parameter
values. They include varying x = 0.7,0.8 and 0.9, m = 2 and 0.5, 0 = 0.01 and 0.05, and p = 0.02 and
0.05. We tabulate these results in the working paper version, but do not include the large number of
tables due to the space constraint. The three panels in Figure 3 trace out the savings response under

some selected parameter combinations.

There are a few noteworthy patterns. First, generally speaking, the economy-wide savings rate
always rises in response to a rise in the sex ratio. With all parameter combinations, as we raise the
sex ratio from 1 to 1.5, we do not see a turning point in the savings response. In other words, the
theoretical values of ¢; and ¢, in Proposition 1 must be greater than 1.5. Since no economy in the
real world has a sex ratio that exceeds 1.5, all real economies appear to satisfy the conditions under

which the savings rate (and the current account) rises as the sex ratio rises.

Second, as k becomes larger, the economy-wide savings rate and the current account respond more
strongly to a rise in the sex ratio. Intuitively, as k becomes larger, consumption within a marriage
acquires more public goods feature. Consequently, the desire to marry (and the need to compete in the
marriage market) also increase. However, the response of the aggregate savings is not very sensitive

to small perturbations of this parameter.

Third, when the mean value of the love factor is higher (e.g., when m = 2 compared to m = 0.5),
the economy-wide savings rate and the current account respond more strongly to a given rise in the

sex ratio. This is intuitive since men have a stronger desire to compete for a marriage partner.

Fourth, when there are more frictions in the marriage market (unrelated to the sex ratio) (e.g.,
when p = 0.05 rather than 0.02), a women’s savings response to a change in the sex ratio becomes
smaller. Intuitively, with an increased probability that a woman could stay single in her life (and
therefore may not free ride on her husband’s savings), she would not reduce her savings as much in
response to a given rise in the sex ratio as she otherwise would. (However, the effect on the aggregate
savings rate is not very sensitive to p. If women are induced to save more due to a fear of singlehood,
men may save less as there is less need to compensate for the lower savings of his future wife. As a

result, the net effect on the aggregate savings is smaller than otherwise.)

Fifth, as the dispersion for emotional utility becomes smaller, the economy-wide savings rate and
the current account respond more strongly to a rise in the sex ratio. This is because, since all men are
more similar in terms of the amount of "love" they can offer to women, the need to compete on the

basis of wealth also rises.
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5.2 Two Large Countries

We consider two cases of calibrations. In the first case, we assume that the two countries are
identical in every respect except for their sex ratios. While Country 1 always has a balanced sex ratio
(¢, = 1), we vary the sex ratio in country 2 from 1 to 1.5. The interest rate R and the wage rate
W are now endogenously determined. All other parameter values are the same as in the small open
economy case. Figure 4 traces out the current account responses in both countries as Country 2’s sex
ratio increases. The most important result is that a rise in Country 2’s sex ratio triggers a rise in
its current account surplus and a rise in Country 1’s current account deficit. Note that Country 1’s
current account exhibits a bigger change than Country 2. This is because as Country 2’s sex ratio
rises, its economy-wide savings rate rises. As a result, it becomes a progressively larger country than
Country 1. We have also done robustness checks by varying the values of x,m, p and o (not reported
to save space). Based on the same reasoning as in the small open economy case, for larger x, m, p or
smaller o, a given increase in Country 2’s sex ratio results in greater current account imbalances in

the two countries.

In the second case, we attempt to let Countries 1 and 2 mimic the United States and China,
respectively. In particular, we assume that Ly = 1/5 - Ly to match the fact that the U.S. population
is around 1/5 of that of China. In addition, we choose the TFP parameter in Country 1, ¢;, to match
the fact that the U.S. per capita GDP was about 15 times the Chinese level around 1990 when the
sex ratio in China for the marriage age cohort was not yet seriously out of balance. The remaining
parameters are set to be the same as before. We let the sex ratio in the United States be always

balanced, and vary the Chinese sex ratio from 1 to 1.5.

Figure 5 plots the calibration results. Qualitatively, they look similar to the first large-country
experiment. Quantitatively, Country 2’s (China) current account response (as a share of GDP) becomes
stronger. With China’s sex ratio at 1.15 (and x = 0.8), the United States runs a current account deficit
of 2.6% of GDP, and China runs a surplus of 7.7% of GDP. This resembles the real world pattern in
which the U.S. deficit is about 4-6% of GDP, whereas the Chinese surplus is on the order of 7-10% of
GDP in recent years. In other words, the rise in the Chinese sex ratio could potentially generate an

economically significant current account imbalance, or more than half of what is observed in the data.

To summarize, the calibrations suggest that a rise in the sex ratio could produce an economically
significant increase in the aggregate savings rate that results in a current account surplus. If the
country is large enough, this could induce other countries to run a current account deficit even if they

have a balanced sex ratio.

5.3 Welfare

In the welfare calibrations, we compare the welfare under a decentralized equilibrium relative to

the central planner’s economy. Figures 6, 6a and 6b trace out, for the case of a small open economy,
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the savings rates for men (the upper left panel), women (the upper right panel), the economy as a
whole (the lower left panel) and the welfare (the lower right panel), respectively. With a log-utility
function, the optimal savings rates for men and women chosen by the planner do not depend on the sex
ratio and intra-household bargaining powers.! When the sex ratio is balanced, the savings rates by
women, men and the economy as a whole are almost the same as those under the planner’s economy.
With unbalanced sex ratios, men’s (decentralized) savings rates overshoot the socially optimally level,
and the extent of excessive savings rises with the sex ratio. Women’s savings rates follow an opposite
pattern. The economy-wide savings rate follows a pattern that is qualitatively similar to the men’s
savings rate. In particular, the economy in a decentralized equilibrium tends to save too much relative
to the social optimum, and the excess savings rises with the sex ratio. In the lower right panel, we can
see that the welfare levels for both men and the economy as a whole decline as the sex ratio increases,

while the welfare for women rises with the sex ratio.

5.4 Endogenous Intra-household Bargaining

One problem in the benchmark calibration is that, as the sex ratio rises, women’s savings rate
declines very quickly. As we have noted earlier, if the analytical model allows for intra-household
bargaining, then the effect of a rise in the sex ratio on the change in women’s savings rates becomes
ambiguous. As men start to save more, women do not wish to reduce their bargaining power in a
marriage if the relative size of the savings rates is a determinant of the bargaining power. We use
calibrations to demonstrate this effect. For simplicity, we assume that the intra-household bargaining
power depends only on the relative wealth of household members. In particular, we assume that the

wife’s bargaining power within a family is

(s
SRR
and the husband’s bargaining power is 1 — p. € € (0,1) is the parameter that governs the sensitivity of

bargaining power to relative wealth. A larger € means that household bargaining power depends more

strongly on the relative wealth.

The log-utility function implies # = 1 in (4.2) and (4.3), then
kY =pY and £ = (1 — p)?

where -y is the share of private expenditure in the second period consumption index. Other parameters
take the same values as in the benchmark. Figures 7a and 7b plot the saving rates from the calibrations.
Relative to the case of no intra-household bargaining, women now change their savings rates much
more slowly as the sex ratio rises. Since there is no big change in men’s response to the rise in the

sex ratio, the economy-wide savings rate responds more strongly to a rise in the sex ratio than the

10This feature does not hold when we use CRRA utility function.
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benchmark case. For ¢ = 0.5 and v = 0.5, as the sex ratio rises from 1 to 1.15, the current account
to GDP ratio rises by 14%. (Recall from the last regression in Table 1b, the same increase in the
sex ratio is associated with an increase in the current account by 16%). Thus, the calibration result
with intra-household bargaining generates a current account response whose magnitude is very close
to what is observed in the data. (As reported in Wei and Zhang (2009), the estimated elasticity of
savings by rural households with a daughter in China to a rise in the sex ratio is close to be zero. This
suggests that the model with endogenous intra-household bargaining may be more realistic than the

benchmark model without intra-household bargaining.)

We re-calibrate the case of two otherwise identical countries except for the sex ratio (in Figure
8), and also the case of the United States versus China (in Figure 9). In both cases, the only difference
relative to the benchmark model is the allowance for the endogenous bargaining power within a family.
The qualitative results on the aggregate savings and the current account are similar to before. However,
the savings response by women becomes more realistic. For ¢ = 0.5 and v = 0.5, we see that as the
sex ratio in China rises from 1 to 1.15, this can generate a 10.1% current account surplus (as a share
of GDP) in China and 3.4% deficit in the U.S. The calibration result can account for almost all the

current account surplus in China and more than half of the deficit in the United States.

In the right panel in both Figures 8 and 9, we trace out the economy-wide welfare in a decentralized
equilibrium for a given sex ratio relative to the welfare in a decentralized equilibrium with a balanced
sex ratio. The country that experiences a rise in the sex ratio (e.g., China) clearly suffers from an
ever-deteriorating welfare due to a rise in socially inefficient competitive savings. Interestingly, the
country with a balanced sex ratio (e.g., the United States) could enjoy a small welfare gain initially
as China’s sex ratio starts to be out of balance. Intuitively, a rise in the Chinese sex ratio depresses
the global interest rate, but this produces two effects with opposite signs for the United States. On
one hand, the lower cost of capital boosts the real wage in the United States, which is positive for
the Americans. On the other hand, the lower interest rate also implies a lower interest income for a
given amount of savings, which is negative for the Americans. For a moderately unbalanced sex ratio
in China, the positive effect for the Americans dominates. As the Chinese sex ratio becomes seriously

out of balance, the welfare levels in both countries can go down.

We note, however, that the quantitative effect of a rise in the Chinese sex ratio on the U.S. welfare
is small. The Chinese are the biggest victims from a rise in their sex ratio. As an illustration, based
on the right panel of Figure 9, if the Chinese sex ratio reaches 1.15, the U.S. suffers a loss of utility
that is equivalent to a decrease in consumption by 0.3% (relative to the level of consumption with a
balanced Chinese sex ratio). In contrast, China suffers a significant welfare loss that is equivalent to

a decline in consumption by 40.1%.
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6 Concluding Remarks and Future Research

This paper builds a theoretical model to analyze whether and how a rise in the sex ratio may
trigger a competitive race in the savings by men (or households with sons). Generally speaking, men
raise their savings rate in order to improve their relative standing in the marriage market. If we don’t
consider intra-household bargaining, women may respond to a rise in the sex ratio by reducing their
savings rate because they may free ride on the increased savings from their husbands. If we consider
intra-household bargaining, then women’s response becomes ambiguous because they also have an
incentive to raise their savings rate in order to protect their bargaining power within a family. In any
case, the aggregate savings always rises unambiguously in response to a rise in the sex ratio, as long
as the sex ratio is below some threshold. We argue conceptually and through calibrations that the sex
ratios in real economies are unlikely to exceed the threshold. The increase in the aggregate savings is
socially inefficient since the number of unmarried men in the aggregate is not altered by the savings

race.

When the country with an unbalanced sex ratio is large, this could have global impact. In
particular, when the sex ratio rises, the world interest rate becomes lower. Other countries with a
balanced sex ratio could be induced to run a current account deficit. Calibration results suggest that
the sex ratio effect could potentially explain more than 1/2 of China’s current account surplus and the

U.S. current account deficit. In other words, the effect is economically significant.

In our model, men and women are symmetric except for the sex ratio. This implies that if the
sex ratio imbalance increases in the opposite direction (i.e., more women than men), we would obtain
the same qualitative results. That is, an increase in the relative surplus of women would also trigger
an increase in the aggregate savings. The quantitative elasticity of the savings rate to a given rise in
the sex ratio may not be same, because the amount of emotional utility that women derive from their
spouses may not be the same as the other way around. Wars and famines often result in a relative
shortage of young men. While the competitive savings channel outlined in our model may very well
be operating in that context, there are other confounding factors. For example, instability generally
deters savings and investment for reasons unrelated to sex ratio imbalance. For these reasons, such
episodes may not be suitable to test our theory. In the years immediately after a war, peace has
resumed yet a shortage of young men often persists for a while. For example, in the first decade after
World War II, many countries including Japan and Germany simultaneously exhibited a sex ratio
imbalance (more young women than young men) and a high savings rate. Chinese immigrants to
Southeast Asia in the 19th century and European immigrants to the United States in the previous
centuries often had a skewed sex ratio. An informal reading of historical accounts suggests that these
immigrants also worked very hard and saved a lot. These experiences are consistent with our theory.
However, post-war periods and immigration could be special for other reasons, which need to be taken

into account when one performs a formal test.

The theory can be extended in a number of directions. First, the sex ratio could endogenously

27



respond to the economic burden of raising a son (as in Bhaskar, 2009). As a result, there may be forces

that will eventually induce a correction in the trajectory of a country’s sex ratio. It will be a useful

extension to endogenize the sex ratio in an extension of the model. This will help us understand better

the future trajectories of the global current account imbalances. Second, while the model focuses on

the responses of the savings and current account to a rise in the sex ratio, one may extend it to study

entrepreneurship and growth effects. Third, while we have provided some cross-country evidence on

the connection between a country’s sex ratio and its current account, the evidence is based on OLS

regressions. It will be useful to find instrumental variables to prove the causality. These will be useful

topics for future research.
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A Proof of Proposition 1 (not for publication)

Proof. We have shown that when ¢ = 1, entering the marriage market is a dominant strategy for
both women and men. Then if ¢ is close to one, we still have V? > V! (i = w,m), all women and men

choose to enter the marriage market in the second period. Since % <k <1,
k(Rs™y + Rs"y) > max (Rs"y, Rs™y)

which means that within the neighbourhood of ¢ = 1, we have ruj,, < uj,, .

1. If for all ¢ € [1,¢,), we have ku),, < uj,, ,

The first order conditions for a woman and a man, respectively, are:

1 4 .
(1 P, [1++M<nm‘“>f<nmm> T pilyy, =0 (A)

¢
m U2 + T — m,n m
7u/1m + (1 7p) K0 u/2m + I{uéw ( 2 nmgx _ 77min2 >:| + [(1 -9 ) (1 7p) +p] ul2mn =0 (A2)

Totally differentiating the system, we obtain

Q-ds=dz (A.3)
where
A 1— K2RUH |:1+l—‘rM min min] dw 0
0 (L= p)e*Ryuz,, |15+ MOPFO™ ] g0 (957 ) nd dg =
D B ds™ E
where
1 . .
A =y a0 R, (145 M)+ R, <0
5 _ u,, + ,‘<.',2R§mr-u/2/m +K2uly R o ot (1—p)(1— 6™ Ryull, <0
V| Ry, (tens e ti™) | R, (San ) g Y
_ min / /
D = (1 _ p)m2 |:<6m + 1) + (u2m U2m,n + n >> yung + u2wu2m4 :|
nmax p— nmln nmax p— nmln
oo™
E = (1-p) (U, (n) = Ktt,,) <0

99

It is easy to show that
det(Q2) >0



and

dst /@ZRyu’z'w 1+ é +M(nrrlin)f(nn1irl):| E
7 det(Q) <0
asm  AE

a6 = den@)

The aggregate savings rate of the young cohort is

¢ m+ 1 w
= S S
1+ ¢ 1+¢

sY

and we can show that

m_ W —1ds™ 1 <dsm dsw>

5+ = (S5
7o 176ds v\ dé T do
—s¥ p—1ds™ 1 gy E

1402 1506 dd | 1+¢det()

Obviously, the second and the third term on the right hand side are postive. When ¢ = 1, women and
men have the same savings rates. As the sex ratio rises, we have showed that men raise their savings
while women reduce their savings. Then s™ > s, which implies that the first term on the right hand
side is positive. Therefore, the aggregate savings rate of the young cohort increases as the sex ratio
rises. Since the (dis-)savings rate of the old cohort is fixed (their sex ratio is balanced), an increase in

the savings rate by the young cohort translates into an increase in the economy-wide savings rate.

The impact of a rise in the sex ratio on the social welfare is

G = v =y i) G 0= (v, G+ B ) (aa)
> (1-p) <ynu'2w (Cl;; + dds;’) + (fQE [17]) >0
T = (St RO = P+ (= D)0+ (1= O)]h) S+ (1= iy, %
ol g% o K (Suropeony M(;;(nm)dF(nm)> o
< (1-p) (ymugwﬁ: - 52 (uam — Uomn +0™™) — fQE [77]) <0

where the first inequality in (A.4) holds because

1 . .
py + (1= Pty + Pty = —(1 — sty [d) n M(nmmmnmm)} <0



and the first inequality in (A.5) holds because

—th 4 K(1 = p)(1+ 8)lyy, + p(L — Oy, = —(1 — D)y, (“anﬁll - ;mff?’”’”) <0

As the sex ratio rises further, the men lose while the women gain. However, as ¢ approaches
infinity, the expected emotional utility gain from a marriage is close to zero, which means that a
representative man can achieve a higher welfare level by staying single. Therefore, there exists a
threshold value ¢; < oo such that the man is indifferent between entering the marriage market and
being a life-time bachelor. For any ¢ < ¢, entering the marriage market is still a dominant strategy

for both women and men.

Lemma 1 For ¢ slightly above ¢, the women increase their savings rate.

Suppose the sex ratio rises just above ¢, if women do not raise their savings rates, men would
choose a mixed strategy: with probability %, they enter the marriage market and with probability
1- % they opt to be out of the marriage market. However, women would not choose to do nothing,
because they strictly prefer to be married and have the men with the highest values of the emotional
utility staying in the marriage pool. By raising her savings rate by a small amount, she won’t experience
a first-order welfare loss. At the same time, by raising her second-period wealth, men will be induced
to go back to always entering the marriage market. Woman ¢ will have a welfare gain because she will

m

have a higher probability to marry a man with a higher ™.

Therefore, if ¢ rises beyond ¢, women will increase their savings rates to induce all men to enter

the marriage market. A woman’s savings decision must satisfy the following equation:

(1 —=p)d™ul(cam) + (1 —p)E(n*|s™, s, ¢) | _ N
T (p+ (1—p)(1 - 6™)) ulcam(n)) ]‘(”5) (i) @

max u(cim) + 3

where we have used the fact that the optimal savings rate of a life-time bachelor equals H%'

Totally differentiating (A.6) and (A.2), we obtain

Q.ds = do
where
0= ( k(1 —p)oub,,y O ),ds— ( ds™ ) anddqb—( I >
D B ds™ E
where 51— p) .
I= ? (U2 — Uzmm + 0™ + E(n”)] >0



Then
det(Q) = (1 — p)rdus,,y - B <0

and
ds* _ 1B _
dp — det(Q)
Since (A.6) holds, we have
au™
-~
¢
and then
ds™ méugmydjg — % (Uzm — U TN

min) _ %E[T]]
I - % (u2m — U2m,n + 77min) - %E [77]
y (=l + 5 (1 +0) uhy + (1= 0y, )

de

Therefore, if ¢ > ¢, as the sex ratio rises, a representative man’s savings rate stays constant and a
representative woman’s savings rate increases. However, by (A.4), as the sex ratio becomes sufficiently
high (over another threshold), raising the savings rate further by the representative woman may lead
to a welfare loss for her. Therefore, at a certain point, the representative woman stops responding to
any additional increase in the sex ratio by raising her savings rate. We use ¢, to denote this threshold

value, and ¢, satisfies the condition that dqu;u = 0, which means that

ds®¥
Yy (7u/1w + 2(1 - p)nuéw +pu/Qw,n) ;7 + (fQE [77} =0 (A7)

Lastly, we will show that the aggregate savings rate of the young cohort rises as the sex ratio

rises. Consider the case ¢ = ¢,, substituting the expression of dj; into (A.7), we have

(1—-pEm

—ul,, + (1 —p)rul, + -
tw ( p) 2 ¢ [u2m - u2m,n + 77“““ + E (nw)]

1 ! _
RlUgp, +pu2w,n =0

: min / / —
Since Uz, — Uzm,n + 1 >0, Uy > KUy s and gy, = Uz, then

max

m + - m
_ullm + (1 - p) ﬁémuém + ﬁuIQw <u2 angx _ nszM77L)] + [(1 -0 ) (1 - p) +p] UIQm(n) >0

which means that s < s™. Therefore, the aggregate savings rate of the young cohort will rise because
(1) the women raise their savings rates; (2) the men do not reduce their savings rates, and (3) the men
(with a higher savings rate than women) represent a larger share in the population. The economy-

wide savings rate will also rise if we assume the (dis-)savings of the old people are fixed. In any case,



entering the marriage market is a dominant strategy for both sexes.

Starting from a high enough sex ratio that exceeds the threshold, ¢ > ¢,, any additional increase
in the sex ratio would not induce the women to cut down their consumption further, and would induce
some men to quit the marriage market. The aggregate savings rate of the young cohort declines since
a life-time bachelor’s savings rate is now lower than a wife-seeker’s savings rate.

2. If there exists a ¢3(< ¢;) at which kuj,, = uj,, ,

In this case, we still have V™ > V" i.e., no man will choose to be single and at ¢5. Substituting

n

the equation rkuy,, = us,, ,, into (A.3), we can easily show that

ds™  ds"

W dg "

For any ¢ slightly greater than ¢, men and women will not change their saving decisions. Since
we have shown that for ¢ < ¢5, a man has a higher savings rate than a woman. Therefore, as the sex
ratio becomes more unbalanced, the aggregate savings rate of the young cohort rises unambiguously

since men represent a larger share in the total population.

For any additional increase in the sex ratio beyond ¢ > ¢4, both women and men will keep their
savings rates as constants. And since men save at a higher rate than women, the aggregate savings
rate of the young cohort increases as the sex ratio rises. If the (dis-)savings of the old cohort are fixed,

the economy-wide savings rate rises unambiguously as the sex ratio becomes more unbalanced.

If the sex ratio keeps rising, similar to the analysis in part 1, there exists a threshold value ¢, at
which the representative man becomes indifferent between entering the marriage market and remaining
single. The rest of the discussions in the analysis of part 1 is applicable here in terms of how a rise in

the sex ratio affects the savings rates.

In this proof, we used the assumption of the uniform distribution of 1’ (i = w,m). In fact, there

exist many other distributions that can give us the same results. Two sufficient conditions are:

O [ f(M(n™))dn®
¢

>0

and
9 [i J 7ty dE () + M (™) f (77”““)}

<
0o =0

The first sufficient condition is equivalent to

max

T (M) 1= F(0")
/ ot g =0




and the second one is equivalent to

max

I o LT F ) PO L - F)
¢2/ [f(M(n“’)) f(M(nmin»]dF(” )+¢/nmin PGy g =0

Distributions that are similar to normal distributions (i.e., symmetric around the mean and

f(n™) is small) may satisfy the two conditions. m

B Proof of Proposition 2 (not for publication)

Proof. We rewrite the the economy-wide savings rate as following

sP = (1—a) <1+¢st +1+¢st — sy + 3

As we have shown in Proposition 1, even if s}* and s}’ may be weakly increasing in ¢ when ¢ < ¢,

%s{” + ﬁs}” strictly increases in ¢ since men will save at a higher rate than women. s then is
an increasing function of ¢. By the expression of the current account to GDP ratio, this is also the
condition that the current account is an increasing function of the sex ratio. Therefore, the economy-

wide savings rate and the current account rise as the sex ratio becomes more unbalanced. m

C Proof of Proposition 3 (not for publication)

Proof. Since capital can flow freely between countries, the interest rates R are equal in both countries.

By (??) and (?7?), the wage rates are also equal in the two countries.

Given the same wage rates, the households in the two countries have the same first period en-
dowment. By Proposition 1, country 2 will have a higher savings rate than country 1. On the other
hand, in equilibrium, given a constant R, the investments in both countries are the same, and the
world capital market always clears. Therefore, country 2 runs a current account surplus and country

1 runs a current account deficit. m
D Proof of Proposition 4 (not for publication)

Proof. (i) If the sex ratio is balanced, then similar to the previous analysis, it is easy to verify that

s = s", and that entering the marriage market is the dominant strategy for both women and men.



For a moderately unbalanced sex ratio, ¢ > 1, all women and men still enter the marriage market

with probability one. We can rewrite the first order conditions for women and men, respectively,

[y, (5% + = RY) dF ()

/
w+(1_p) m sY+s™)s™  m w
ol (= ;w)ﬁ R dF (")

—u} + puy, , =0 (D.1)

w

fM(nmin) u/27n (,€7n + 2 :Z;S ) dF(’I]m)

/
—ujp, +(1—p) " Wy gmygw o .
" + fM('qmi“) ul2w (K/ - %/{2 ) dF(T] )

+ (1 - 6m(1 - p))uém,n =0 (DQ)

We totally differentiate the system and denote the outcome by
Q-ds=dz

where

where

[ R Y, + [uf, (k¥ + 2 +S RQ) dF(n") + [ ub, (757”;;51” i"‘) dF(n®™)
—|—fu/2’m (57”— (s¥ +S7”)s’”[§}gl) dF —|—f’u,2m(‘s 5™)(s™)? wmd F( )

(") R
R 1ulllm + fM(TZm‘“) U/Q/m (Hm + Sws#hb ) dF( + fM(nm"‘ u2m (S e H22> (nm)
s¥4s™)s¥ w s™)(s 2
T (e ) ) S )
+[p+ (1= 38")(1 = p)]ugy, (n) Ryuy,

A" = Ry(l-p) + pRyus, ,

B" = R(l-py

St iny W (R 4 £ H;”) (,w - 7(8,%73‘,”;2)8'" ’”) dF(n™)

wim s 2
D" = R(1-ply _fM('r;m‘")uIZm (%(6 )2 522) dF(n™) + [ ug, ( - %’#20 dF(n™)
+ fuzw ( (ému;z KY + (s (+7iv;z3)s“’ ,i22) dF(nw)

S (50 + 550 y) (w = SR ) AP ()

wy2 w m wy2 w m m
Q = RO-ply | + [y (2 wy + U ) ap () 4 [, (S ) dF ()
oty (5 = CEE ) (e o+ S ) dF ()



Ky s 4"

Bom e [ (4 i S ) v
I F (e ) s

=Ry [ g (e ) (Y ar )
M (nmin) S ¢ (nmax _ 77mm)
, (8™ + s™) s® Ky KY
-pRen sy [, (e S ) (LB Y )
M (min) (sm)* ¢ =
RKY RKY (8™ + ™) 8™ Kl
—1—p/ uhy, | —— — i —= | dF(n™
( ) M(”min) 2 ( ¢2 nmax _ ,r}mln (Sm)2 ¢2 ( )
Vv = _(1_p)/u/2 <_I€11‘]_ Kif ' _Sw‘f‘sm%) dF(nw)
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Under Assumptions E1 to E3, we can show that det(€2) > 0 and

A <0,B<0,D<0,Q <0

At ¢ =1, both men and women have the symmetric problem, 1% = k%%, then

E' = —2R(1-p)(s™+ sw)y/ Uy, (S J;S r,;g”) </€§n + 4 , > dF(n™) <0
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The sign of V’ is ambiguous:

(1) If k15 > 0, then V' > 0.

Atp=1
dsl B A'E — D'V’ -0
dp — det()
and
ds®* B'V'—D'E’
=— <0

dp — det(Q)



The aggregate savings rate of the young cohort is s¥,

as¥ _s"—s"  p—lds™ 1 (dS"’MS”)
o (14+¢)? 1+¢dop 1+9¢\ dp  do

We have shown in this case that men increase their savings rate as the sex ratio rises while women
reduce their savings. Then s”™ > s*. Plugging the expressions of A’, B, D', E’ and V', we can also
show that d;; + % > 0. Therefore, % > 0. If the (dis-)savings of the old cohort are fixed, the
economy-wide savings rate rises as the sex ratio becomes more unbalanced.

(2) If ki, < 0, the sign of V' is ambiguous. However, if we assume that x}, is small enough in its

ds™

absolute value, then we still have G > 0 by substituting the expressions of A" and D’. The sign of

dSw . .
a5 s ambiguous.

If dj;) > 0, then the aggregate savings rate of the young cohort and the economy-wide savings
ds™

a5 <0, we still can show that

rate rise as the sex ratio becomes more unbalanced. Even if

(i‘sim+d‘g7w_ (A/—Q/)E/+(B/—D/)V/ ~0
dp — dp det(Q)

By the same logic in (1), the aggregate savings rate of the young cohort and the economy-wide savings

rate rise as the sex ratio becomes more unbalanced.

Since all functions in the model are continuously differentiable, then for moderately unbalanced
sex ratios (i.e., within the neighbourhood of ¢ = 1), we have similar results: as the sex ratio rises, a
representative man raises his savings rate, but the response by a representative woman is ambiguous.

Nonetheless, the economy-wide savings rate rises unambiguously.

(ii) We can rewrite £’ and V” as following:
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If x4 is large enough, £’ < 0 and V' > 0.

Then it is easy to show that

ds™ ds"™ ds?
-z i d =—/—
> 0, < 0, an >0



As the sex ratio rises, a representative man’s savings rate rises while a representative woman’s savings

rate declines. The economy-wide savings rate rises.

The impacts of a rise in the sex ratio on women and men’s welfare are, respectively:

ouv w  SYEST w ds®
% =Y <_u/1w + (1 _p) /ul2w (K’ + m"{2> dF(’I] ) +pu’2w,n> %

d
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Similar to the analysis in Proposition 1, it is possible that as the sex ratio becomes very unbal-

>0

aUm ul’m
¢

+(1—p)

anced, men are indifferent between entering the marriage market and being single. ¢, is the threshold

value.

If the sex ratio rises just beyond this threshold, ¢ > ¢, women increase their savings rates in
order to induce all men entering the marriage market. The representative woman’s savings decision

must satisfy the following equation:

m w m w m R
i ) +5(1-1) | [ ulean AP + 1, %.0) [ 4810+ (1= 5)(1 = 0™ Jutean() = (1) ( 1)
Total differentiating the entry condition and the first order condition of the representative man,
we have
Q-ds=d¢
where
1- bndF (™) 0 ds"v r
Q:<n< P)y [ iy dF (™) )AS:( s ) andd¢:< )
D’ B’ ds™ E
where )
JR St T S
pe
Then

det(Q) = k(1 — p)y/u’zmdF(n’”) -B' <0
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and

Since (A.6) holds, we have

and then

ds™

7 —(1-p)

= —(1-p)

= 0

s _I'-B'
dé  det(Q)

>0
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0¢ 0

Ky [ U dF (1) %5 — L B[

- 5E[)

We obtain the same result as in Proposition 1. m
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