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Abstract

This paper analyzes the impact of the ‘one child policy’ in China on its household
saving behavior. First, it develops a life-cycle model with endogenous fertility, intergen-
erational transfers and human capital accumulation. We show a macroeconomic and
a microeconomic channel of a fall in fertility on raising aggregate household saving:
at the macroeconomic level, the population composition shifts initially towards the
middle-aged—the high savers of the economy. At the microeconomic level, (1) expen-
ditures of children fall—despite higher education investment in each child—as quantity
substitutes for quality; (2) middle-aged save additionally for retirement in anticipation
of reduced transfers from their only child. Second, our quantitative model implies
policy-induced changes in aggregate savings and age-saving profiles broadly consistent
with estimates from Chinese household-level data. Third, an empirical study using
the birth of twins as a source of exogenous increase in fertility is shown to support
the micro-economic channels we highlight. Overall, our estimation suggests that the
policy is able to account for 30% to 50% of the rise in household savings rate since its

implementation in 1980.



1 Introduction

China’s household saving rate is staggeringly high in comparison to most other countries,
and increasing at a rapid rate. Between 1986 and 2009 it rose from 11.3% to 32.4%.! By
standard theories, households in a rapid growing economy should borrow against future
income to bring forward consumption, and therefore face a declining savings rate rather
than a rise. The conundrum has been referred to by both academics and policymakers as a
‘Chinese Saving Puzzle’ (Modigliani and Cao (2004)), spurring many attempts at explaining
it. This paper evaluates the contribution of the ‘one-child policy’ and its attendant drastic
demographic shifts in accounting for this puzzle.

The ‘one-child policy’, implemented in the late 1970s as part of China’s population control
program, is a relatively under-studied event— with economic ramifications to a large extent
unknown. An immediate question that comes to mind is whether, and to what degree, it has
impacted the national saving rate. That concomitant shifts in demographic compositions can
directly influence the rate of saving at the aggregate level is well-understood in the classic
formulations of the life-cycle motives for saving (Modigliani (1976)): if the young save less
than the middle-aged, then the policy should increase aggregate savings with the rising share
of the middle-aged during the transition (the macro-channel). Yet, a compulsory reduction
in fertility can also potentially affect savings decisions at the household level (the micro-
channel). In this paper, we explore these micro and macro-level channels, both theoretically
and empirically, and ask how much the advent of the one-child policy can explain the large
rise in household saving rate in China. More broadly though, the policy can also be exploited
as a natural experiment of an exogenous restriction in fertility to analyze the relationship
between household savings and fertility in developing countries.

In the theory we develop, intergenerational transfers—conferred by children to parents
in support of old-age consumption—is our primary micro-channel through which fertility
affects savings: by lowering old-age support from their offspring, a reduction in fertility
increases incentives to save before retirement. We believe this is particularly relevant in
the Chinese case where such transfers are very common and account for a large share of
old-age income. An everyday Chinese adage crystallizes the prominence of this notion: “rear
children to provide for old-age” (yang lao fu you). How much parents expect to receive from
children in overall transfers depend likely on the number of children (quantity), and also on
their individual human capital (quality). Thus, it is reasonable to conjecture that fertility
decisions are subject to both quantity and quality decisions—insofar as children are a source

of financial means in old age. In particular, a policy aiming at reducing fertility should

! Average household saving rate was 4% in OECD economies and 1.7% in the U.S. in 2007.



incentivize parents to invest further in children education (quality). We will investigate such
conjecture theoretically and empirically as savings and education decisions should be jointly
determined.?

In investigating these effects the paper makes three main contributions. First, it develops
a multi-period life-cycle model that incorporates intergenerational support, endogenous fer-
tility, and education investment decisions. A simple and tractable four-period model reveals
the fundamental structure of the framework and the key mechanisms driving the fertility-
saving relationship. The micro-channel through which an exogenous reduction in fertility
affects savings behavior is illuminated: parents have greater incentives to save—both be-
cause consumption expenditures of children are lower (a ‘fewer mouths to feed’ effect) and
because parents need to save additionally for retirement in anticipation of a reduction in
overall transfers from children. The quantity-quality tradeoff induces parents to substitute
quantity towards quality in the form of higher investment in children’s education. However,
higher wages due to greater human capital accumulation of children raise transfers per child,
but still do not compensate for the reduction in the number of children. Therefore, the
overall amount of transfers falls.

A second contribution is to provide a quantitative multiple periods version of the model
that we calibrate using Chinese household-level data. This allows us to simulate the impact
of the policy on aggregate savings and to provide finer predictions on the age-savings profile
of households in the years following the policy implementation. A distinguishing feature of
our paper, and one that sets it apart from the rest of the literature, is our endeavor to bridge
the micro-level approach with the macro-level approach in linking demographics to saving.
We use household level data to estimate these profiles over the last twenty years and compare
it to the model-predicted profiles. The ability of our model to match data on intricate age-
saving profiles with a fair degree of accuracy equips our theory with the micro-level evidence
requisite for giving credence to our macroeconomic implications. In addition, our model
implies a seemingly perverse cross-sectional pattern: that the young cohort’s saving rate
should be rising faster than the middle-aged cohort’s saving rate immediately following the
implementation of the one child policy. The reason, according to our framework, is that along
the initial stages of the demographic composition, two very different cohorts are coexisting:
the younger ones subject to the one child policy—and therefore to the micro-channel of
saving that we highlight, and the older cohorts who were not subject to the policy and

had multiple children on average. This cross-sectional pattern is confirmed by the data (see

2There has been an extensive literature that examines the relationship between fertility and savings, such
as Modigliani and Cao (2004), Boldrin and Jones (2002), Chakrabarti (1999), Cisno and Rosati (1992), and
Raut and Srinivasan (1994). These studies, however, do not include human capital investment decision made
by parents in consideration for their old age transfers.



also Song and Yang (2010) and Chamon and Prasad (2010)), and is shown to be consistent
with a modified life-cycle model, for which there has been ample evidence supportive at the
aggregate level (Modigliani and Cao (2004), Horioka and Wan (2007); Curtis, Lugauer, and
Mark (2011)).

The third main contribution is to check whether the specific micro-level channels that
underlie the relationship between fertility and saving in this model hold up in the data.
Using the birth of twins as an exogenous deviation of fertility from the one child policy,
we find supportive evidence for the three main predictions: that higher fertility leads to
(1) lower household savings rate of parents affected by the policy change and (2) lower
education investment per child; (3) that transfers from children to parents rise in the quantity
and quality of the children. Remarkably, our estimated difference of individual savings
rate of parents of twins versus parents of only child is in line with the predictions of our
calibrated model. Thus, evidence from twins allow us to partially identify the micro-channel
we emphasize. Using these estimates, we then try to evaluate how much of the increase in
aggregate savings rate is due to the implementation of the ‘one-child policy’. Depending on
assumptions made regarding the fertility rate that would have prevailed in the absence of
the policy, we find that in 2009, aggregate household savings rate would have been at least
6.5% percentage points lower without the policy and potentially 11% percentage points in a
less conservative estimation. The contributions of the micro and macro-channels, moreover,
are found to be roughly equal. In other words, we can explain from 30% to 50% of the
21 percentage points increase in household savings rates since the commencement of the
one-child policy in 1980. A by-product of our estimates is that our conservative estimates
suggests that 20% of the increase in human capital of the new generation of only children
can be tied to the policy.

Recent works that bring to the forefront intergenerational transfers in analyzing the re-
lationship between demographics and saving in an overlapping generations structure include
Banjeree, Meng and Qian (2010) and Su, Yang and Zhang (2012). These works exclude hu-
man capital investment, which is one of the main pillars of our theoretical framework. Thus,
fertility decisions in their framework are not subject to a quantity and quality tradeoff that
in turn affects saving behavior at various ages of an individual’s life cycle. Implications on
aggregate saving, as well as the implied individual age saving profiles both in terms of levels
and shape, therefore differ. Empirically, this work goes beyond existing studies in provid-
ing more direct evidence on the specific channels (education decisions and intergenerational
transfers) through which fertility affect saving profiles over time and across generations.

Banerjee et al.(2010) focus on establishing a causal link between fertility and saving with-

out reference to the channel of transfers and education—and find a negative relationship



which corroborates with our results albeit using an entirely different identification strategy
and data sample. Their work also highlights the importance of children’s gender in deter-
mining parents’ saving behavior—a facet of reality we do not consider in current work. In
simultaneous work, Su et al (2012) zeroes in on how one fewer dependent child affects sav-
ings behavior at various ages, using yet another altogether-separate identification strategy
based on variations across provinces of the implementation of the policy. Yet, their empir-
ical findings are broadly consistent with our theoretical predictions on age-specific saving
behavior.

The closest paper to ours is the work by Oliveira (2012). She takes a microeconomic
approach in analyzing specifically the relationship between fertility and old-age support in
a Becker-Lewis (1973) type of quantity-quality model of fertility. Based on a similar iden-
tification strategy, her empirical findings on the link between fertility and intergenerational
transfers using Chinese and Indonesian household data, complement and corroborate with
one of our main supportive evidence: that transfers from children to parents are increasing
in the quantity and quality of children. However, she does not investigate how household
saving decisions are, in turn, modified and her stylized two period model does not allow to
provide a rigorous quantitative evaluation.

Finally, our paper relates and complements other works aiming at understanding China’s
perplexingly high national household saving rate in recent years. A few compelling explana-
tions that various past works have explored include: (1) precautionary savings (Blanchard
and Giavazzi (2005) and Chamon and Prasad (2010));® (2) demographic structural changes
(Modigliani and Cao (2004), Ge, Yang and Zhang (2012) and Curtis, Lugauer and Mark
(2011));(3) income growth and credit constraints (Coeurdacier, Guibaud and Jin (2012)),
potentially in presence of housing expenditures (Bussiere et al. (2013)); (4) gender imbal-
ances and competition in the marriage market (Wei and Zhang (2009)). Yang, Zhang and
Zhou (2011) provide a thorough treatment of aggregate facts pertaining to China’s saving
dynamics, and at the same time present the challenges some of these theories face. The re-
cent availability of household-level data should enable researchers to probe into micro-level
patterns and behavior to bear out these macro-level theses—an attempt we make in the
current work.

The paper is organized as follows. Section 2 provides certain background information and
facts that motivate some key assumptions underlying our framework. Section 3 provides a

simple theory that links fertility and savings decisions in an overlapping generations model.

3These papers argue that rising unemployment risk and income uncertainty for the workers during a
period of economic transition since the 1980s have triggered precautionary saving motives. However, this
line of explanation would not fit with the evidence in Yang, Zhang and Zhou (2011) that these uncertainties
have in fact decreased over the last ten years in China.



Section 4 develops a calibrated quantitative model to simulate the impact of the policy
on aggregate savings as well as age-savings profiles. Macro and micro-level predictions of
the model are confronted to their empirical counterpart. Section 5 undertakes an empirical
investigation on the main theoretical mechanisms using twin births as source of identification
and provides some quantitative guidance on the overall impact of the one child policy on

aggregate household savings in China. Section 6 concludes.

2 Motivation and Background

In this section, using various aggregate and household level data sources from China, we
provide some stylized facts on (1) the implementation of the ’one-child policy” and its conse-
quences on demographic compositions; (2) the direction and magnitude of intergenerational
transfers, as well as (3) education expenditures incurred by households over their lifecycle.
The quantitative relevance of the micro and macro-channels as provided by the preliminary
evidence below motivates the structure of our theoretical framework. The various micro and

macro data sources we use are described in details in Appendix 7.1.

2.1 The One-Child Policy and the Chinese demographic transition

The one-child policy decreed in 1979 was intended to curb the population growth promoted
over the course of the Maoist pro-natality agenda. The policy was strictly enforced in
urban areas and partially implemented in rural provinces—which, in contrast to urban areas,
allowed the birth of two children in the event of a first-born girl. As a consequence of the strict
enforcement of the policy, the fertility rate in China dropped sharply from 5.5 children per
woman in 1965-1970 to 2.6 between 1980-1985, and very close to one for urban households.
Figure 1 shows the evolution of the fertility rate for urban households based on Census data:
before 1970, urban households were on average having slightly more than three children.
Over the period 1972-1980, the ’one child’” policy was progressively put in place and fertility
rates started to fall to reach a level very close to one after 1982 (see Banerjee et al.(2010)
for further description of the progressive implementation of the policy in the seventies).

It is critical to determine whether the constraint was binding for the Chinese households,
and if so, for which households. Our household level data (Urban Household Survey) suggests
that the policy was very binding in urban areas, albeit less stringent in rural areas: over the
period 2000-2009, conidtionally on having a child, 96% of households of the urban sample

had only one child. Urban households are a natural focal point given that our theory pertains



Figure 1: Fertility in Chinese urban areas
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to binding fertility constraints.*

The demographic structure has also evolved accordingly, as shown in Table 1. It is
characterized by a sharp rise in the median age— from 19.7 years in 1970 to to 34.5 years in
2010, and a rapid decline in the share of young individuals (population of ages 0-20/Total
Population) from 51% to 27% over the period, and a corresponding increase of the share
of middle aged population (population of ages 30-60/Total Population). While the share of
young is expected to drop further until 2050, the share of old (above 60) increases sharply

4Some urban households have more than one child. If we abstract for the birth of twins, these households



only after 2010, when the generation of only child ages. In other words, the ‘one-child policy’
leads first to a sharp fall in the share of young individuals relative to middle aged adults,

followed by a sharp increase in the share of the elderly only one generation later.

Table 1: Demographic structure in China

1970 2010 2050
Share of young (age 0-20/Total Population) 51% 27% 18%
Share of middle aged (age 30-60/Total Population) 28% 44% 39%
Share of elderly (age above 60/Total Population) % 14% 33%
Median age 19.7 34.5 48.7

Fertility (children per women, urban areas) 3.18 (1965-70) | 1.04 (2004-09) | - n/a -

Note: UN World Population Prospects (2011).

2.2 Intergenerational Support

Intergenerational support is prominent and important for Chinese households. Beyond cul-
tural mores, it is stipulated by Constitutional law: “children who have come to age have the
duty to support and assist their parents” (article 49). Failure of so doing may even result
in law suits. We first document the prominence of intergenerational support in the case of
China, using data from the China Health and Retirement Longitudinal Study (CHARLS).
The pilot survey was conducted in 2008 for two provinces: Zhejiang (a prosperous coastal
province) and Gansu (a poor inland province). The sample includes only households with
members above the age of 45 years, but for our purposes we restrict the sample to urban
households in which at least one member (respondent or spouse) is older than 60 years of
age.® Transfers include those within households, i.e. when children and parents are co-
residing in the same household. We consider children who are 25 years old and above as
adults.

Intergenerational transfers can take on broadly two forms: financial transfers (‘direct’
transfers) and ‘indirect’ transfers in the form of co-residence or other in-kind benefits. Ac-
cording to Table 2, 45% of the elderly reside with their children in urban households. Trans-
fers from adult children to parents occur in 65% of houscholds (whereas transfers from the

elderly to their children occur in only 4% of the households). They constitute a significant

5When including both urban and rural households, our results and descriptive statistics are consistent
with those of Lei at al (2012).



share of old-age income: it amounts to an average of 28% of all elderly’s pre-transfer income

(and up to 41% if one focuses on the sample of transfer receivers).

Table 2: Intergenerational Transfers: Descriptive Statistics

Nbr of hh in restricted sample 321
Av nbr of adult children (25+) 3.4
Share living with adult children 45%

Incidence of transfers
- from adult children to parents 65%

- from parents to adult children 4%

Net transfers in % of parent’s pre-transfer income

- All parents 28%

- Transfer receivers only 41%
Note: CHARLS(2008) restricted sample of urban households with a respondant/spouse of at least 60 years

of age. Transfers is defined as the sum of regular and non-regular financial transfers and the yuan value of
in-kind transfers. This includes transfers within households. Net Transfers are transfers from children to par-

ents less the transfers received by children. Gross transfers are defined to be transfers from children to parents

Figure 2 shows that the average transfers (as a % of pre-transfer income) are (i) large
in magnitude and (ii) increasing in the number of children. This is very suggestive that the
implementation of the ’one-child policy” will lead to a significant fall in transfers towards
elderly, which will be a central assumption in our theoretical framework.

Figure 3 provides a snapshot of transfers received and paid at different ages of adulthood
(in Chinese yuans). The evolution of net transfers to, and subsequently from, one’s children
over the course of an individual’s life is shown in the left panel of Figure 3. Net transfers
are on average negative, and continuously declining before one’s child reaches the age of
25, in line with the conjecture of education investment being the main source of transfers
to children (see section 2.3 below). After this age, children on average confer increasing
amounts of transfers to parents. The pattern is similar when plotting net transfers from
children by the average age of the parents (right panels of Fig. 3). Net transfers from
children are on average negative for parents below the age of 55. After retirement, at age 60

for male (resp. 55 for female), net transfers become positive. If one considers, co-residence



Figure 2: Inter-generational transfers, CHARLS 2008
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as another from of transfers, a similar picture emerges: children leave the parental house as
they age; eventually much later on, parents come back to live with their children when they
are very old (above 78). Such a timing (and direction) of transfers between children and
parents, as well as their magnitude, will motivate our theoretical framework and guide our

calibration later on.
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Figure 3: Average Net transfers from Children to Parents, by average age of children (top)
and parents (bottom)
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2.3 Motives for Savings

Our central thesis that household saving is motivated by education for children in earlier
stages of parenthood and for old-age retirement in later stages is born out by basic obser-
vations from the data. As reported in Table 3, education and retirement planning are cited
to be among the three most important reasons for saving, according to more than half of
Chinese households in 2008 (Yao et al (2011)). For 69 percent of rural households, education
or retirement are the most important motive for saving. Among these households, the rela-

tive importance of these two motives of savings also evolves with age of the respondent: in
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Table 3: Self-Reported Saving Motives. Survey evidence.

Three most-frequently cited motives for saving (Yao et al. (2011))

Education Retirement Housing Emergency Wealth preservation

60% 54.4% 28.5% 63.8% 33.4%

First self-reported motive for saving, CHIP, 2002, rural sample

Education Retirement Housing  Sickness Wedding

43% 26% % 5% 12%

earlier stages of parenthood, respondents report to be saving for their offspring’s education,

and over time, gradually more for retirement.

Figure 4: Education Expenditures by Age of Only Child
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Notes: CHIP (2002), where the sample is restricted to households with only child. This figure graphs
compulsory and non-compulsory education expenditures as a share of total household expenditures, by age
of the only child.
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Figure 5: Household Savings and Education Expenditures
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expenditures) and household saving (as a share of household income) by the age of the only child.

Why would parents need to save for their children’s education expenses in China? To
provide some preliminary empirical evidence regarding the importance of education expen-
ditures in the budget of households, we use household data on education expenditures from
Chinese Household Income Project (CHIP) in 2002.° Figure 4 displays the rapid rise in
education expenditures per child (as a share of total household expenditure) in relation to
the age of a child, with the sharpest increase occurring between the ages of 15 and 22.
The timing of education expenditures will play an important role since it will affect age-
saving profiles of optimizing individuals willing to smooth consumption over their lifetime.
Education expenditures and household savings will both be endogenous outcomes in our the-
oretical framework where parents optimally substitute quantity for quality. Yet one can still
reasonably expect that the timing of household savings is inversely related to the timing of
education expenses— if they constitute a significant fraction of overall expenditures. Figure

5 shows that household savings rate seems to respond broadly to this pattern: it starts to

6As a robustness check, we also use an alternative dataset RUMICI (2008), and get similar estimates.

13



rise when the child is young (before the age of 10)—possibly in preparation for rising future
education costs—and starts to decline as these expenses materialize—leading to the sharpest
dip in periods where education costs are highest (when the child is around 20); it then sub-
sequently rise as these costs start to subside with the completion of the studies. This basic
accumulation and de-cumulation of resources as is related to a child’s age is consistent with
our view that education expenses are an important driver for household savings behavior,

particularly at certain stages of parenthood.

3 Theory

We develop a simple and tractable multi-period overlapping generations model with inter-
generational transfers, endogenous fertility and human capital accumulation. Semi-closed
form solutions that arise from a parsimonious model reveal the key mechanisms that un-
derlie the relationship between fertility and saving. It is used to analyze the impact of a
constriction of fertility on individual and aggregate saving rate, and at the same time form
the empirical basis for testable implications. A quantitative version of the model as devel-
oped in the later section depicts a more intricate and detailed individual age-saving profile,

but the main dynamics are elucidated in a simple four period model.

3.1 Set-up

Consider an overlapping generations economy in which agents live for four periods, character-
ized by: childhood (k), youth (y), middle-age (m), and old-age (0). The measure of total pop-
ulation NV; at date ¢t comprises the four co-existing generations: Ny = Ny ¢+ Ny + Ny, ¢+ No .

An individual born in period ¢ — 1 does not make decisions on his consumption in child-
hood, ¢;4—1, which is assumed to be proportional to parental income. The agent supplies
inelastically one unit of labor in youth and in middle-age, and earns a wage rate w,; and
W41, Which is used, in each period, for consumption and asset accumulation a, ¢ and a, ¢41.
At the end of period t, the young agent then makes the decision on the number of children
n; to bear. In middle-age, in ¢ + 1, the agent chooses the amount of human capital h;q to
endow to each of his children, and at the same time transfers a combined amount of T}, ;11
to his ny; number of children and parents— to augment human capital of the former, and
consumption of the latter. In old-age, the agent consumes all available resources, which is
financed by gross return on accumulated assets, Ra,, 41 and transfers from children. A con-

sumer thus maximizes the life-time utility including benefits from having n; children (with

14



v > 0 the parameter governing the preference for children and 0 < 8 < 1 the discount rate):

U = log(cyt) + vlog(n:) + Blog(cpm1) + B log(co,t+2)

subject to the sequence of budget constraints in each period:

Cyi T Ayt = Wy
Cmtr1l + Ampp1 = W1 + Ray + Ty i1 (1)
Cotr2 = Rapmpp1 + 15140

Because of parental investment in education, the individual born in period ¢ — 1 enters
the labor market with an endowment of human capital, h;. The wage rate depends on this
level of human capital, as well as an experience factor e < 1, and a deterministic level of

economy-wide productivity z;, so that

wyr = ezhy (2)

Wmt+1 = Zt+1h? (3)

For analytical convenience, we assume that the gross interest rate R is constant and exoge-
nous. By making this assumption, we sever the link in which saving affects interest rates,
and also the potential aggregate feedback of fertility onto interest rates.

Without loss of generality, we also assume that the cost of raising kids are paid by the
parents in middle-age, in period t+1, for a child born at the end of period ¢. This assumption
corroborates with the empirical fact that the bulk of education costs are born in the period
before the child enters the labor market—equivalent to the ages of 15 to 25. The total cost
of raising n; children falls in the mold of a time-cost that is proportional to current wages,
e d(hes1)Wm i1, where ¢(h) = ¢o + dphir1, and ¢9 > 0 and ¢, > 0. The consumption
expenditure per child is a fraction ¢y of the parents’ wage rate, and the education cost
®nhiyq is increasing in the level of human capital-—to capture the rising cost of education
over a child’s course of study.”

Transfers made to the middle-aged agent’s parents amount to a fraction ¥n®,*/w of
current labor income w,y, 441, with ¢ > 0 and @ > 0. This fraction is decreasing in the number
of siblings—to capture the possibility of free-riding among siblings sharing the burden of
transfers (see Boldrin and Jones (2002) for a similar outcomes in a ‘game of giving’). The

combined amount of transfers made by the middle-aged agent in period ¢ + 1 to his children

"This is a key departure from the quantity-quality tradeoff models of Becker and Lewis (1973), later
adopted by Oliveira (2012). They assume that costs to quality are independent of the level of quality.
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and parents thus satisfy

w—1

n
Tg+1 = — (”t¢(ht+1) + = ) Wiy t415

w

with ¢(h) = ¢o + dnhita
In old-age, agents become receivers of transfers from a total of n, number of children, in

the amount of
™

n
t
TO,t+2 = ¢—wm,t+2-
w
The life-time resource constraint thus requires that

w—1

1 —np(hey1) — wni;

YN Wi 19

RQ

Cm,t+1 Co,t4+2 W, t+1

R R?

Cyt +

Assumption 1 The young are subject to a credit constraint which is binding in all periods:

Wy
Ay t4+1 = —HTtH (4)

The young is permitted to borrow up to a constant fraction # of the present value of future
wage income. For a given 6, the constraint more likely to be binding if productivity growth
is high enough (compared to R) and the experience parameter e low enough, conditions that
we assumed to be met as data suggest. This assumption is necessary to generate realistic
savings behaviours of the young. With fast growth and a rising income profile, the model
would otherwise imply a sharp borrowing of the young—something that the data does not
reveal, as we later on show (see also Coeurdacier, Guibaud and Jin (2012)).

The assumption of log utility implies that the optimal consumption of the middle-age
is a constant fraction of the present value of lifetime resources, which consist of disposable
income—of what remains after the repayment of debt from the previous period—and the
present value of transfers to be received in old-age, less current transfers to children and

parents:

w—1

()
Ny

1 n
) W ty1 + E—t wm,t+2:|
R w

1+

Kl — 0 —m(higr) — ¢

Cmt+1 =

It follows from Eq. 1 that the optimal asset holding of a middle-aged individual is

—1 o
Am 41 = % [(1 —0— nt¢(ht+1) - @Z)nt?; > Wm t4+1 — B%%wm,tw} . (5)

Optimal consumption and asset holdings respond partially to changes in the interest rate R.
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The assumption of log utility rules out the substitution and income effect associated with
changes in the interest rate, but retains a wealth effect of affecting the present value of future
resources. A rise in R thus leads to a fall in middle-age consumption and a corresponding
increase in asset holdings.

The old, by consuming all resources and leaving no bequests, enjoy

ne1 n®
Cot+2 = % [R (1 — 0 — nyd(hg1) — @Dt?l) Wy 41 + wgtwm,t+2:| .

Fertility and Human Capital. Fertility decisions hinge on equating the marginal utility
of bearing an additional child compared to the net marginal cost of raising the child:

v B

- = (¢m(ht+1)wm,t+1 -

Uz Cm,t+1

@/m?_lwm,tﬂ) . (6)

R

The right hand side is the net cost, in terms of the consumption good, of having an additional
child. The net cost is the current marginal cost of rearing a child, 975, 111 /0n; less the present
value of the benefit from receiving transfers next period from an additional child, 97, ¢+2/0n.
Note that the interest rate partly determines the price of having children: an increase in R
reduces the relative benefits compared to the costs of having children, and thus raises the
price of having children (in terms of middle-age consumption).

The partial effects of changes in interest rate on fertility is the same as its effect on con-
sumption. A rise in R reduces intertemporal wealth by reducing the present value of old-age
financial wealth and transfers from children. This wealth effect reduces current consumption
and incentives to have children. With our assumption of log utility, the income and sub-
stitution effect cancel out, and the wealth effect implies that an increase in R is associated
with reduced fertility. This result is the opposite of the positive relation between interest
rates and fertility in Barro and Becker (1989): the reason being that in our framework,
children should be understood as investment goods.® Of course, as we will see, the reduction
in the benefits of having children due to the fall in the present value of transfers may also
induce parents to invest less in human capital, an act which in turn feeds back onto optimal
decisions regarding fertility.

The optimal choice on the children’s endowment of human capital h;,; is determined by

Y i Oty

R Ohy = QRN Wiy 141 (7)

8In their dynastic model, a rise in interest rate raises per-capita consumption of future generations, and
altruism therefore induces people to have more children.
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where the marginal gains of having more educated children support oneself in old-age, is
equalized to the marginal cost of further educating each child. Using Eq. 3, the above
expression yields the optimal choice for h;y i, given n; and the parent’s own human capital

h¢, which is predetermined:

) Zipo 1 Ta (8)
R zp1 hgoon, ™= .

hit1 =

A greater number of children n; reduces the gains from educating them—a quantity and
quality trade-off. This trade-off arises from the fact that the net benefits in terms of transfers
are decreasing in the number of children. Indeed, if there were no decreasing returns to

transfers, @w = 1, then there is also no tradeoff. For @w < 1, the slope of the trade-off
oy Zit2
onR Zt+1

is increasing in the returns to education («) and aggregate productivity growth (Z—ﬁ)—which

gauges the future benefits relative to the current costs of education. Greater ‘altruism’ of

depends on . Given any number of children n;, incentives to provide further education

children for parents (high 1) increases parental investment in them. Higher marginal cost
of education ¢, (parents’ opportunity cost of h;) reduces human capital accumulation.

The rate of return R also affects human capital accumulation. As is clear in Eq. 8, a
rise in R reduces the marginal benefit of an additional unit of human capital, as the present
value of transfers from children falls.

The optimal number of children n;, combining Eq.6 and 8 satisfies

n—( v ) 1-6-yh (9)
BA+B) ) \ ot (1— D) hey |

Equations 8 and 9 are two equations that describe the evolution of the two key endogenous
variables of in economy {ny; hyy1}-

Eq. 9 elucidates the equilibrium relationship between the number of children to bear
in relation to the amount of education to provide them. There are two competing effects
governing this relationship: the first effect is that higher levels of education per child raises
transfers per child, thus motivating parents to have more children. The second effect is that
greater education, on the other hand, raises the cost per child, and thus reduces the incen-
tives to having more children. The first effect dominates if diminishing returns of transfers
is relatively weak compared to diminishing returns to education, w > a—in which case the
relationship between n; and h;y; is positive. The second effect dominates when the diminish-
ing returns to education is relatively weak, w < «a, and the relationship between n; and h;;

is negative. The two effects cancel out when w = «, and decisions on n; become independent
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of human capital decisions.

Definition of Saving Rates. The aggregate saving of the economy in period ¢, denoted as
S, is the sum of the aggregate saving of each generation v = {y, m, 0} coexisting in period

t. Thus, S; = Zw S+, where the overall saving of each generation S, ; is

— Y

Syt = NYayy
_ m

Smt Nt (a'mt ayt—l)
_ 0

Sot — _Nt am,t—la

where saving is by definition the change in asset holdings over a period, and optimal asset

holdings a.; are given by Eq. 4 and Eq. 5. Let the aggregate saving rate at ¢ be
St = St/Y;‘/a
where Y; is aggregate labour incomes of the country given by:
Y, = wy Nyt + Wit Nt

Let the individual saving rate of generation v be denoted as s, ;, where the saving rate
is defined to be the change in asset holdings over a period divided by the individuals’s
corresponding labour incomes for the the young and middle-aged and capital incomes for
the old:’

Ayt Am,t — Qyt—1 _

o =%t o s A t—1 _ ( 1 )
yt = 1 Smt =" 1 St="7p5 . - |p 1
Wyt Wt (R - 1)am7t_1 R-1

The aggregate saving rate can thus be decomposed into the saving rate of an individual from

generation v and the entire generation’s income-contribution to aggregate income:

Wy ¢ N, Wyt N R—1)Nla,+
St = Syt (734;/; y’t) + St (7;; 7t) + So,t (( )Y;t ! 1)
nW Wy, R—1)a,
= 5, (M) + S ( ,t) + S0 (M) (10)
Yt Yt Ny—1Y¢

where it is convenient to introduce aggregate labour income per middle-aged household:
Yt = Yt/ N, myt-

9For analytical convenience, we do not include transfers when defining disposable income of each genera-
tions. Results are very similar qualitatively when including transfers but with more cumbersome expressions.
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The aggregate saving rate is thus a weighted average of the young and middle-aged’s
saving rate, less dissavings of the old. The weights depend on both population and relative
income weights of the contemporaneous generations. Changes in fertility will thus affect
the aggregate saving rate through a ‘micro-economic channel’— individual saving behaviors
(through the optimal saving rate s,,:)—and a ‘macroeconomic channel’- changes in the

composition of population and income.

3.2 The Steady State with Endogenous Fertility

Steady-state fertility and human capital. Assume that in the steady state, Z—i = 14g.;
his1 = hy = hgs, and ny = ny_; = ng. We consider whether equations (8) and (9) define a

unique steady-state solution for {n; hss}. These equations, in steady-state, are expressed

as:
Nss v 1
- NN
1—9-w%ﬁl (ﬁ(l—i_ﬁ)_'_v) <¢0+¢h(]—_§)hss> ( )
. a¢(1+9z) n?s_l
he = (2E0) 22 Q@)

Figure 3.2 depicts graphically the determination of the steady-state values of ngs, and hg.
The curve denoted (NN) describes the response of fertility to higher education. This curve
has a positive slope so long as @w > a. A higher level of human capital increases transfers
and thus induces greater incentives to have children. The curve (Q@)) shows the combination
of n and h that satisfy the quantity/quality trade-off in children. This curve has a negative
slope as a greater number of children raises the cost of educating them and therefore leads
to lower human capital investment per child.

The limiting values of nyy and ngg as h — 0 is such that lim,_o(ngg) > limp—o(nyN).
This condition ensures that the curves intersect at least once. So long as w > «, the slopes
of these two curves are respectively positive and negative throughout, thus guaranteeing that

their intersection is unique. This leads to the following proposition:

Proposition 1 If @ > «, there is a unique steady-state for the number of children
Ngs > <B(1+ﬂ)+v> <#> and their education choice hgs > 0 to which the dynamic model

defined by equations (8) and (9) converges. Also, comparative statics yield

on oh on

SS 0 d SS O . SS O d SSs 0
9. > 0 an 9. >0 3R <0 an 3R <
on oh on

¥ > 0and —2 <0, —=<0and —2= >0
ER M ST B T M Bg,
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Figure 6: Steady-State Human Capital and Fertility Determination

Proof: See Appendix.

The comparative statics have a quite straightforward interpretation: higher growth (or
lower real interest rates) increases the incentives to invest in children, both in terms of
quantity and in terms of quality. A stronger preference towards children (or lower costs of

raising them) makes parents willing to have more children but less educated (lower "quality’).

Steady-state aggregate savings. We next examine how changes in long-run fertility

21



affect aggregate saving rate in the steady state (s). The saving rate, decomposed into the

contribution of contemporaneous generation, from Eq. 10, is in the long run

= T (_9(1; gz>> i +1nsse> ("(”85) * %)‘ nss<ﬁi(isjf3$><_11+)gz> (R - 1>’

N J/ N
-~ -~

Sy Sm So
(11)
where k(ngs) = am /W, in the steady-state and is given by the steady-state equivalent
of Eq. 5:

ﬁmss):% (1) — (¢Onss+an>_ JrE Y0 te)ng

)
R w w bR w
N —_— , ——
cost of children cost of parents  penefits from children.

using hg, = %%ﬁ from Eq. 7.

Micro-Economic Channel. The above expression illuminates the three channels through
which a reduction in long-run fertility affect optimal asset holdings of a middle-aged indi-
vidual, and therefore his saving behavior. The first channel is to reduce the total cost of
children—both because there are ‘fewer mouths to feed” (pons falls) and because total ed-
ucation costs have fallen in spite of the rise in human capital per child (a)(1 + g,)/Rng,
falls).1® The second effect comes through the impact on the ‘cost of parents’—the amount of
transfers given to the middle-aged individual’s parents (w%; rises). As there are fewer sib-
lings among whom the individual can share the burden, total transfers to parents rise, thus
reducing the saving rate. The third channel is through the transfers made by children (the
term WTLZ). With a reduction in fertility, the overall amount of transfers from children
fall—despite higher human capital per child—thus reducing intertemporal wealth and raising

the need to save. The overall micro-economic affect of a reduction in n,, can be summarized

by

ﬁl(”ss) = 1 f_ ﬁ _(bO - (1 i aﬂ;@é(l * gZ)nSSW71 + ¢(1w_ w)nSSW72

One can see that under the weak assumption that ns(1+¢.)(1+apB)/(BR) > (1 —w)/w, a

fall in the steady-state number of children raises the steady-state savings rate of the middle-

aged. As w approaches 1, the transfers made to the parents are independent of the number

of siblings, and a fall in n,, does not reduce saving owing to greater transfers to parents—-

10The total cost of education is ngshss which is increasing in ngs. In other words, the rise in human
capital per child rises by less than the fall in the number of children. This is because the overall reduction
in transfers coming from fewer children also reduces incentives to educate heavily in them.
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that is, the third term disappears. In this case, k'(ngs) is unambiguously negative.

Macro-Economic Channel. The macro-economic channels comprise of changes in the
composition of population, and the composition of income attributed to the young and the
middle-aged cohorts. This is evident by examining the overall impact of n s on aggregate

saving rate, given by Eq. 11:

/

0s e K (Nss) n 1 efd(14+g,) king) 1
= _—_ 8 _— —
Ongs (1 + nge) nss (1 +ngse) (14+9g,) 1+ nge R n2, (1+g.)
income com;gsition effect population co;lrposition effect
K (ngs

L)
1+ nge
————

decision effect (-)

which shows that apart from the micro-economic channel-the ‘decision effect’ (last term
of the equation)—changes to aggregate saving occur through macro-level compositional
changes. The first compositional change is an ‘income composition effect’, which is ambigu-
ous. A reduction in fertility reduces the proportion of the young’s contribution to aggregate
income, nge. Thus, more of aggregate income is attributed to the middle-aged savers of
the economy and less to the young borrowers—therefore raising aggregate saving rate. On
the other hand, under the weak assumption discussed above (k'(ngs) < 0), lower fertility
increases the interest payments to old dissavers (since aggregate wealth over income in the
economy increases) and thus their share in total income.

The second aggregate compositional effect is through the change in the proportion of
population. A reduction in ng, reduces the proportion of young borrowers (the first term),
thus tending to raise aggregate saving rate, but also increases the proportion of the old
dissavers (the second term), thus tending to reduce it. The overall effect of population
compositional changes is thus ambiguous. High long-run growth rate g. tends to raise the
weight of the young’s borrowing and reduce the weight of the old’s dissaving.

However, it is crucial to note that along the transition path towards a steady state
with lower fertility, both the income and population composition effects will tend to raise
aggregate saving rate. The reason is that the proportion of the middle-age rises immediately
but the proportion of dependent elderly will take longer to increase as the population ages.
Similarly, the share of income of middle-age raises before the share of income of the old

increases.
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3.3 Experiment 1: The ‘One-child policy’

We first examine the theoretical implications of the one child policy on the aggregate saving
rate—comparing to the saving rate under an initial equilibrium of unconstrained fertility.
We then theoretically derive conditions from which we can identify the effect of the one-child
policy on individual saving behavior (the micro-economic channel)—by examining theoret-
ically the case where some families exogenously deviate from the policy by having twins.
We then show conditions under which we can infer a lower bound for the total effect on the
aggregate saving rate of the policy.

Following the ‘one-child policy’ in China, suppose that the government enforces a law
that compels each agent to have up to a number ny., of children over a certain period
[to;to + T'] with T' > 1. In the case of the one-child policy, the maximum number of children
each individual can have is nma = 1/2). We now examine the transitory dynamics of the
key variables following the implementation of the policy, starting from an initial steady-state

of unconstrained fertility characterized by {ns,_1; hs, }-

Human capital accumulation. The additional constraint n < n.., is now added to
the original individual problem. In the interesting scenario in which the constraint is binding,
we have the following result:

Lemma 1: Assuming o < 1/2. As T — oo, human capital converges to a new (con-

strained) steady-state hpa.x such that:

po (a4 nEa
max ¢hR o

> hy,

This shows that an important implication is that the policy aimed at reducing the population
inadvertently increases the long-run level of per-capita human capital, thus moving the

equilibrium along the (QQ) curve as shown in Figure 3.3.

Proof: From Eq. 8, where n,,,, substitutes for the choice variable n;, the dynamics of

log(hyt1) is given by

log(hi+1) =

a) nZ1 1 240 o
1 max 1 - log(h
o ) g o) = ()

R w 241 1—

where log(hy41) is mean-reverting due to —%~ < 1 for a < 1/2. It follows from ny,_1 > Nmax
that hmax > Ay, -

Dynamic of savings following the policy. Assuming constant long-run productivity

growth g, we next examine the one-period impact of the one-child policy implemented in ¢
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Figure 7: Human Capital and Fertility Determination under the ‘one-child policy’

on the dynamics of the aggregate saving rate between ¢, and ty + 1, given by the following
lemma:
Lemma 2: For w > 1/2 > «, imposing the constraint n,, < n™* in period ¢, leads to a

rise in aggregate saving rate over one period:
Stg+1 — Stg > 0

Proof: See Appendix.
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The change in aggregate saving rate over the period after the implementation of the

policy can be written as:

o (nto—l - nmax) € 1 0 (]- + gz) hto+1 “
Sto+1 = Sto = 1 + Nnaxe Sto + 14+ nmaxe R Mto—1 ™ Thmax he,

(.

macro-channel (composition effects)

(1+6a)v(1+g:) ( w w (htoJrl

+ R(l + ﬁ) o to—1 Mmax

1[ﬁ

14+ npaxe |1+ ﬁgbo (g1 = Tlma) +

micro-economic effect

ne. . <ht#zl>a is like a quality-adjusted number of children, and is relevant insofar as they
contribute to education costs and transfer benefits to parents. The channels through which
constrained fertility affects the change in saving rate during the transition are the three
channels emphasized before. However, the main difference is that the income and population
composition effects only consist of the impact of a proportional reduction in the young
cohort. This reduction in fertility has not yet fed into increasing the proportion of the
dependent elderly in one generation, and therefore the old’s negative impact on saving is
absent. All channels exert pressure on the saving rate in the same direction, and it thus rises

unambiguous over the period following the implementation of the policy.'*

3.4 Experiment 2: Identification through ‘twins’

Consider the scenario in which all middle-aged individuals exogenously deviate from the
‘one-child policy’ by having twins. From Eq. 8, the per-capita human capital of the twins

(denoted h{“") must satisfy:

3 —« 2 max =t max =t —
(hthn)l h% — (Oéw Zt+2) ( n ) < (Oﬂﬁ Zt+2) (7’L ) — (htoJrl)l ocha

to+1 to?
° O R 2441 w OnR 24 w 0

which leads to our first testable implication:
Test 1: Quantity-Quality Tradeoff

htwin 1 %
< (ﬁ) = (5) <1l (@w>a). (13)
0

o h « h @
" Along the transition path, we show that nmax ( ;L“Jl) < ng_, and n¥ (%) < ng _; under the

DO | —

assumption that w > 1/2 > a.

26



This illustrates the quantity-quality tradeoff driving human capital accumulation in our
framework, and can be identified by comparing twins and only-child. This ratio as measured
by the data provides some guidance on the relative strength of w and «. It also shows that
the fall in human capital per capita is less than the increase in the number of children, so

that total education costs still rise for twins.

Test 2: Microeconomic Effect on Saving.
The second implication is on the micro-economic impact of having twins on the middle-age
parent’s saving rate decisions. In Appendix, we show that the difference in the saving rate

in the case of only-child compared to twins in #y + 1 satisfies, for @w > a:

twin 6 (1 + Oéﬂ) w(l + gz) w hto-',-l “ < w—a )
m - = max 21— — 1] 0.
Sm,to+1 Sm,toJrl 1+ 6 (n (bO + RB w M max hto ! >

Having an only child compared to twins lowers total education and consumption expen-
ditures but also reduces the overall amount of transfers coming from children—-therefore

raising the saving rate of an only-child parent above that of a twin parent.

A lower bound of the effect of the policy on savings
Let the micro-economic impact of a policy constraining fertility on the saving rate be
AS(ny,_1)-the change from the level under unconstrained fertility n;,_1. From Eq. 12,

this change is

AS(nto,l) — (1 —];ga) 1/} (1;‘ gz) (n%_l i n;ax (h]?:rl) ) + ¢o (ntofl B nmax) .

Lemma 3: If ny,_1 = 2nyax, then
o twin
As(nto—l) = Smyto+1 — Smto+1

Proof: See appendix.

This tells us that under the condition that the initial unconstrained fertility is twice the
constrained fertility, we can identify precisely the micro-economic impact of the policy on
the aggregate saving rate— by comparing the saving rate of a middle-aged individual with
Nmae Kids to that with 2n,,., kids. This also provides us with a lower-bound estimate of
the overall impact of the one-child policy on the aggregate saving rate if fertility before the
policy was above two children per households. If 14,1 > 2ny,x, then

twin

AS(nig-1) > Smitg+1 = Spy41-
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In other words, if the unconstrained fertility were greater than 2 (as observed in the data
for China prior to the policy change), then the ‘micro-economic effect’ identified on twins is
a lower bound of the effect of the policy on the middle-age saving rate. The birth of twins
is thus very informative regarding the micro-channel.

One can also tries to identify a lower bound of the aggregate effect. The first term of
the macro-channel (income composition effect) in Eq. 12 can be directly estimated from the
data if one can observe the parameter e as well as fertility and savings before the policy
implementation (s;, and ny,_1). The second term of the macro-channel (population com-

position effect) is more subtle as it incorporates the endogenous response of human capital

[0
accumulation following the policy (term <nt0,1 — Nmax <h;L°t+1) )) as well as the degree of
0
credit constraints 6. Data on savings rate of the young workers could be informative re-
garding the value of . Moreover, since data allow us to observe human capital attainment

of twins (or equivalently human capital expenditures of families with twins) compared to

heg
the assumption ny—1 > 27max. Thus, in principle, from these estimates, one can obtain a

«
families with an only child, one can deduce a lower bound for (nto,l — Nmax (hm“) ) under

lower bound for the micro-economic and macro-economic channels and thus a lower bound

of the overall effect on the aggregate saving rate.

4 A Quantitative OLG Model

We extend our baseline model to more periods in order to capture better savings over the
life-cycle. This will allow us to simulate the ‘one-child policy’ in a calibrated version of
the model to obtain the overall impact on savings as well as finer predictions regarding the

age-savings profile, predictions that can be confronted to our household-level data.

4.1 Set-up and model dynamics

Timing The life cycle follows a similar structure as before, except that more periods are
included to allow for a more elaborate timing of various events and behavior that better
capture patterns in the data.

Agents now live for 8 periods, so that in each period, eight generations denoted as v =
{1;2...;8} coexist in the economy. An agent born is a young child/adult for the first two
periods, accumulating human capital in the second period, and becomes a young worker in
period 3. As a middle-aged parent in between periods 4-6, the individual rears and educates

his own child, and make transfers to his now elderly parents. Upon becoming old in period
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7 and 8, the individual finances consumption from previous saving and support from his
children, and dies with certainty at the end of period 8 without leaving a bequest.

Preferences. Let cfy,t denote the consumption of cohort v in period ¢, with v €
{3,4,...,8}. The lifetime utility of an agent born at (t —2) and who enters the labour
market at date ¢ is .

U = vlog(n:) + Z BY1og(cy t44-3)
=3

where n; is the number of children the individual chooses to have (children per head), decided
at the end of period 3 (5 the discount rate and v > 0).

Budget Constraints. We still consider an agent entering the labour market at date
t. The costs of rearing and educating children, and transfers made to parents are similarly
modeled as the simple model, except with a slight modification in the timing. We assume,
without loss of generality, that all of these costs and transfers are paid during middle age.'?
The total costs paid for kids during an individual’s fourth and fifth periods include: a
“mouth to feed expenditure” which is a fraction ¢, of the agent’s wage income, for a total
of ¢ nyw 143 for a parent with n; children (y = {4,5}); an education cost, born only in
period 5, amounting to ¢pnihi1ws 42 for all of the children combined. The timing of the
education cost is motivated by observations from the data, which reveals that the bulk of
‘non-compulsory’ education costs over a child’s course of study is paid when the child is in
between the ages of 15 and 25— right before he enters the labor market. Transfers made to
the individuals’ parents occur only in period 5 and 6, in the total amount of — %;w%pﬂy,;g
(with ¢» > 0 and @ > 0). For clarity, Figure 4.1 summarizes the timing of income flows and
the total costs and transfers, denoted as 17, ;,—_3 (7 = {3...,8}) pertaining to the individual
in different stages of life. Wages are defined similarly to the simpler version: an individual
entering at date ¢ in the labour market with human capital h; earns w. s1—3 = € 12¢4y—3h¢
for v = {3...,8}; e, denotes an age effect in the life-income profile (which is potentially
time-varying if growth is biased towards certain age-groups) and z;,,_3 denotes aggregate
productivity at a given date. For simplicity, we will assume productivity growth to be

constant, so that z.1/2, =1+ g,.

Optimal Consumption/Saving. As before, we assume that agents can only borrow

up to a fraction € of the present value of their future labor income:

Ay trg—3 > —GW for v = {3;...;8}.

12This is also in line with the average age of first child in the data being 28 years old (average over the
period 1975-2005 from UHS).
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Figure 8: Timing of the quantitative OLG model.

where a,,; denotes total asset accumulation by the end of period ¢ for generation 7 =

{3;...;8}. The gross interest rate R is still taken to be exogenous and constant over time.

We make the assumption that life-income profiles e, ¢, productivity growth g., interest
rate and discount factor (5 and R) are such that the constraint is only binding in the first
period of work (v = 3). We check that this is the case along the equilibrium path in our
simulations.

The sequence of budget constraints, for an individual born at ¢t — 2 (and entering labour
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market at date t), are then:

W4, t42
c3¢ = Wsy+0
R
Capr1 + a1 = Wy (1 —60) +Typq
Cotty—3 T Qytiy—3 = Wyppy3+Tyrq-3+ Ray 14144 for v = {5;6; 7}
Csi+s5 = Igiqs5+ Ragiqa

The intertemporal budget constaint can be derived when combining the period constraints

from v =4 to 8:
8

8
S Cutens Y Wt t T3 _ g
R»y,4 R,y74 4,415

y=4 y=4

which, along with the Euler equations, for v > 4:

Cyi1ttr—2 = BRCy 1143 (14)

yields

8 8 w —I—T
(Z ﬁ”) i D (15)
y=4

y=4
Optimal consumption and saving decisions, given {n;; hy,1}, are then be pinned down for all

periods,

Fertility and human capital. The quantitative model, despite being more complex,
yields a similar set of equations capturing the dynamics of fertility and human capital accu-

mulation as in the simple model (see Appendix for detailed derivations):

) :( ! ) (1-0) + Glg) - ¥"22G(g) "
NI+ ) ) o+ (14 g)dnhis (1— 1+ (1+9g)) =)

apl-a _ @7(1—1—‘(})2 n®1

hehl T _(w N ) - (17)

where: TI(8,v) = £(1+ B+ ..8%); W4l =14 9: G(g) = (L+ g+ (1 +9)?) and ¢ =
$1+ (1+g)os.

Lemma 4 If (14 (1 + g))w > «, there exists a unique steady-state {ngs; hss}— charac-
terized by ngs > (1 +H1( B,v)> <(1_63;5G(9 )> and hg, > 0— to which the dynamic model defined
by Eq. (16) and (17) converge. The modified (NN) and (QQ) curves, describing in the

steady-state respectively the choice in fertility given human capital accumulation, and the
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quantity-quality tradeoff, become:

Tgs B 1/(1 +11(8, v))
(1—6)+G(g) — " "G(g) <¢o + 1+ g)prhia (11— 1+ (1+9)) %)) (N)

e = (L2022 Q)

w on

Proof: Uniqueness and existence of the steady state is shown in the Appendix.

The intuition for the (NN) and (QQ) curves are analogous to those in the simple case,
with comparative statics that equally holds here. An important difference with our simpler
version though, is that a finer age-saving profile now emerges from the quantitative model.
In order to derive such predictions regarding age-savings profile, we need to calibrate the

quantitative model.

4.2 Data and Calibration

Parameters values

Calibrated value are all summarized in Table 4. One period is thought to last 10 years. We
make the assumption that before any implementation of the ‘one child policy’ (before 1972),
endogenous variables at at their steady-state with optimal steady-state fertility and human
capital decisions {n; hss}. We will use data from various sources described in Appendix 7.1

to calibrate the model.
Life income profile

The life income profile determined by the parameters {e,}, <y<6 ATe calibrated using
individual income data per age-group from UHS. Since we want our estimates of the relative
efficiency parameters e, to be the least affected by the implementation of the policy, i.e
having workers of different age-groups to have similar level of human capital, we use the
first year of the UHS sample (1992) for which we have individual wage incomes, even within
households.'® For these years, most of the individuals are constrained by the policy but none

of their parents was, which is what matters for the previously made decision regarding their

13We also have UHS data for 1986 but they do not provide individual incomes for multigenerational
households, which makes it more difficult to back out individual age-income profiles. One can still applying
the method developed by Chesher (1998) to estimate individual life income profiles as we do to estimate
individual consumption and saving profiles (see below). When doing so, our estimates are very close to the
one directly observed from UHS 1992.
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Table 4: Calibration of the model parameters. Unless specified otherwise, parameters are
equal to their benchmark values in the alternative calibrations (Low transfers and Time-
varying income profile

Parameter Value Target (Data source)

£ (annual basis) 0.99 /

R (annual basis) 5% Agg. household savings rate in 1985-1996

g, (annual basis) % Output growth per worker over 1980-2010 (PWT)

v 0.03 Fertility in 1966-1970 nss, = 3/2 (Census)

0 2% Av. savings rate of under 25 in 1992-1993 (UHS)

o 0.45 /

w 0.66 Transfer to elderly wrt the number of siblings (CHARI
{b4; O5; 01} {12%;5%;0.45}  Education exp. at ages 30-50 in 2008 (CHARLS/UHS)
P 12% Savings rate of age 50-58 in 1986 (UHS)
(67/65%:{3;4;6} {65%;90%;57%} Wage income profile in 1992 (UHS)

Alternative calibration

Low transfers

P 4% Observed transfers to elderly (CHARLS)
R (annual basis) 3.8% Agg. household savings rate in 1985-1996
v 0.17 Fertility in 1966-1970 nss; = 3/2 (Census)

Time-varying income profile

(6771&/65)4/:{3;4;6} for t <2005 {65%;90%;57%} Wage income profile in 1992 (UHS)
(6771&/65)4/:{3;4;6} for t > 2006 {65%;97%;50%} Wage income profile in 2009 (UHS)

level of human capital. The wage profile across age groups extracted from the UHS as well
as our calibrated one are shown in Figure 4.2. In our benchmark calibration, we assume the
parameters e, to be constant over time. In an extension (Time-varying income profiles), we
will allow some time variation to reproduce the flattening of the profile for adults below 45
towards the end of the sample period (2006-2009) as shown in Figure 4.2: in this calibration
we assume e, to be equal to their benchmark for ¢ < 2005 but slightly different later on in

order to match the cross-section of wages for the different age-groups (see Table 4).!4
Fertility, demographic structure and policy implementation

Before 1972, families were not at all constrained in their fertility decisions. We take the

value of the fertility before 1972 as our initial steady-state ng; to do so we use the fertility

141t is important to note that our model does predict a flattening of the curve when observing the cross-
section of wages for the different age-groups. Indeed, younger household have higher level of human capital
in 2009 than older ones. However, we still fall (slightly) short in explaining fully the flattening of the curve.
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Figure 9: Life income profiles in 1992 and 2009.

Notes: Data source: UHS, 1992 and 2009. Wages includes wages plus self-business incomes.

rate prior to the policy implementation in urban areas based on the number of siblings of
adults born between 1966-1971 from the Census; this gives us a benchmark of children (per
head) ngs = nycior2 = % The initial fertility rate is key to determine the impact of the policy
in our simulations. Indeed, one could argue that this is not the appropriate counterfactual
since unconstrained fertility nowadays could be different from the one observed before the
policy. We initially make this arguably strong assumption but we will perform robustness
checks regarding our assumed ngs. The parameter that has to be calibrated to match fertility
data is the one governing the preference for children v. Thus, we will set v to make sure that

our model delivers a fertility rates ngs of % prior to the implementation of the policy. Given
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initial fertility, one needs to calibrate initial population distribution. To do so we use data
from the United Nations in 1965 and calibrate the initial share of each age groups (0-10;
10-20, ..., 60-70 and above 70) to heir empirical counterpart.'s

While the one-child policy is almost fully binding after 1980 (starting 1982 when looking
at Census data), some early attempts to curb population growth were designed between 1972
and 1980, which largely explain the fall in fertility over this period (see Figure 1 in section
2). In our simulations, we will thus assume that the policy is implemented progressively
during the seventies, with a first reduction occurring in the mid 70s. We consider cohorts
born every four years. In line with fertility data for urban households (see Figure 1), We
will assume in particular nig71_1970 = 277, N1975—1976 = %and N1979—1980 = % For any date

after 1982, fertility is constrained to ny.. = %

Transfers

CHARLS (2008) provides exhaustive data on income and transfers from parents to chil-
dren as well as children to parents for adults aged above 40 in 2008.

We find that for parents aged between 42 and 48, average transfers per child towards
children as a % of their wage amount to 25.6%, and based on UHS data education expen-
ditures account for 20%-25% of total expenditures (RUMICI (2008); see Fig 5). This gives
¢5 + Onhooos—2000 = 20 — 25% (we obtain similar number if one looks at transfers towards
children aged between 15 and 21). For children below 15, we find in CHARLS transfers of
10.6% but we have much fewer observations (as CHARLS is restricted to adult above 40).
However, very similar estimates stand out for the dataset RUMICI, where the costs of edu-
cation (as a fraction of total household expenditures) are in between 10% and 15% for a child
aged between 5 and 15. We thus set ¢4 = 12% to match these targets.Using expenditure
data on education from CHIP, we find that (non compulsory) educations costs amount to
2% t04% of total household expenditures for children aged between 15 and 20 but CHIP
seems to underestimate total education costs by some margin (lower estimates than in UHS
and RUMICT; see Figure 4 and 5); we set ¢5 = 5%. ¢y, is set to make sure that at age 45
(7 = 4), total transfers towards an only child account for about 20% of overall expenditures:
this gives ¢5, = 0.35% (for ¢5 = 5%).1® Note however that our estimates based on education
expenditures is likely to be a lower bound of the total cost of a child since other transfers

(food, co-residence...) take place during childhood.

15We would have liked to use data for Chinese urban households instead of the total population but such
data are only available from the Census starting 1980. We check though that the future distribution of
population by age implied by our imputed fertility rates (see below) is broadly in line with urban population
data in the 1980s.

16Such values for ¢, and ¢5 generate a share of non-compulsory education costs at age 15 — 20 broadly in
line with the data (CHIP, 2002).
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Figure 10: Transfers to old-age (% of wage income) as a function of the number of siblings.
Notes: Data source: CHARLS (2008) and UHS (2008). We drop of only-child individuals due to lack of
observations.

The calibration of transfers towards parents, which are the most important ones for our
purpose, is less straightforward. First, two parameters need to be identified (¢ and w),
the first one governs the overall amount of transfers, while the latter governs the incentives
of children to free-ride on the transfers provided by their siblings. In principle, one needs
simply to observe total transfers, as well as how they vary with the number of siblings. From
CHARLS (2008)'7, we get the average share of direct transfers towards parents as % of the
child wage (as a function of the child age). We find it to be in between 4% and 7% of

1"Imixed with UHS (2008); to explain.
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wage incomes between age 42 and 54 (note that due high growth rates, this still lead to a
quantitatively relevant fraction of incomes of the old). Figure 4.2 provides evidence on how
the share transferred to parents is decreasing with the number of siblings individual have.
This evidence would be enough to calibrate ¢ and w (see Figure 4.2) where we can match
! implied by the data with ¢ = 3.8% and w = 0.66. However,

w
this is likely to be a lower-bound for 1) since this is equivalent to disregard any ‘indirect’

the transfer function 1

transfers through in-kind benefits (such as co-residence or healthcare) and/or social security
system. Compared to children, we believe it is essential to take into account ‘indirect’
transfers towards elderly since the insurance they provide should have a strong impact on
savings decisions for adults in their forties/fifties. As stated in section 2.3, co-residence and
various other in-kind transfers are important ‘indirect’ transfers that could lead to higher
estimates of 1) and potentially lower estimates of @ (it is likely to be financed by only one
of the siblings). Social security is another form of ‘indirect’ intergenerational transfers. Any
contribution to social security (as a % of wages) would shift upwards the transfer function
shown in Figure 4.2, leading to higher estimate of 1) as well as @ (free-riding issues due to the

18 As explained in Song and Yang

presence to siblings are much less relevant in this case).
(2010), the retirement system in China is quite complex and has evolved significantly over
the last twenty years. Basically, it is evolving since the 90s from a system of social security
centrally-planned but with little coverage across the population (less than 50%) to a pay-as-
you-go system. The former is the one we are interested if we want to estimate properly the
amount of intergenerational transfers, however data do not allow us to distinguish between
the two."

While we keep w = 0.66 estimated from ‘direct’ transfers throughout our calibrations,
we remain agnostic regarding the values of 1. In our preferred benchmark specification, we
set 1 in order to obtain savings rates of adults in their fifties that match the UHS data in
1986: this yields ¢ = 12% but we perform robustness checks with a lower value of 1, i.e

3.8%, the latter matching our observations on ‘direct’ transfers.
Credit constraints

Motivated by the lack of credit card and mortgage markets and the very low levels of

18We could have consider a different transfer function of the form: 1, + w% where 1, stands for the

rate of contribution to social security while 1/1"271 stands for ‘direct’ transfers and in-kind benefits (other

‘indirect direct’ transfers). Results are however qualitatively and quantitatively very similar, the reason why
we restrict ourselves to the identification of two parameters.

Data on pension contributions from UHS (2008) shows that this amounts zz% of wages for individuals
aged between zx and zx. However, contributions to pensions include both the old system (social security)
and the new one (pay-as-you-go) [here we need to make some efforts to provide a reasonable number; one
major issue is that the old system is disappearing]
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household debt in China (less than 10% of GDP in 2008), we set a very low ability of
young households to borrow against future income 6 = 2%. Such a value provides reason-
able estimates of the dissavings of the young, consistent with age-savings profiles observed

throughout the last twenty years.
Production parameters, real interest rates and discount rates

Output growth rates per capita in China are very high throughout the thirty years period
1980-2010. Real growth rate of output per worker averages over the period to 8.2% (from
Penn World Tables). In our model, part of this rate of growth occurs endogenously through
human capital accumulation and thus 8.2% is an upper-bound of g.: we set g, = 7% which
will lead to a real output growth per worker in the other of magnitude of 8%. We set the
decreasing marginal return to education « to 0.45, in line with the empirical growth literature
(see Mankiw, Romer and Weil (1992)).

We lack of empirical observations for Chinese average real return on assets R faced by
households over the last thirty years. One could use an average rate of interest on long-term
foreign bonds (this would give R—1 & 4% based on 10 years US T-bills over the period 1986-
2006) but, while consistent with the model, this could be a poor proxy of the real return on
assets faced by Chinese households. As it turns out, the calibration of R is quite irrelevant
for our results since R and the discount rate 8 are calibrated simultaneously to provide an
aggregate savings rate in the mid-eighties in line with the data (sj985-1986 &~ 10%). In our
simulations, we set 5 = 0.99 (on an annual basis) in all calibrations adjust R — 1 accordingly
(we find reasonable values for the real interest rates with an order of magnitude of 4 — 5%

in our calibrations).

Steady-state aggregate savings and age savings profiles before the implemen-

tation of the ‘one child policy’

Figure 4.2 displays the steady-state saving rate at different stages of life before the policy
implementation, denoted as s.,; where v = {3;...8} for our benchmark calibration as well as
the ones with alternative values of intergenerational transfers parameter 10.2° Note that since
young adult are credit constrained, the age-savings profile is unchanged in 1976 and only
starts to change once the first generation of adults concerned by the policy reach age v = 4,
i.e their mid-thirties which occurs in the beginning of the eighties. We do not have household

data for this period but for comparison purposes, we also plot the data implied age-savings

20We do not show the savings rate of the very old (which are very large dissavers) reaching age v = 8 in
the case 1) = 4% since they are of small interest for our purpose and would massively affect the scale of the
graph.

38



profile in 1986 (first year of the sample of UHS data). Note that, in principle, only households
under 40 are affected by the policy in 1986 (and mostly through its partial implementation

in the seventies), so this remains a valid point of comparison for most middle-aged adults.?!

savings rate
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Figure 11: Initial age-savings profiles. Model with different values of 1) versus data
Notes: Data source: UHS, 1992. Individual profiles are constructed using Chesher (1998). See Technical
Appendix and Coeurdacier, Guibaud and Jin (2012). Model implied profile are steady-state age-saving
profiles with ngs = % For the different values of 1, the real interest rate R is adjusted to keep aggregate
savings constant to their 1985 value.

As shown in Coeurdacier, Jin and Guibaud (2012), estimating individual age-savings

21Young individuals are also not affected by the policy in our theoretical framework due to time-invariant
credit constraints. Remind also that the average of the first child is in the eighties is 28.
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profile in presence of multigenerational households (more than 50% of our observations) is
a complex task and standard estimates based on the age of the household head are not
accurate. We provide a detailed technical appendix to show how we can recover individual
age-savings from household level data in presence of multigenerational household following
a method initially developed by Chesher (1998). This relies on estimating individual con-
sumption from household level consumption data using variations in the family composition
as identification strategy. Individual savings are then estimated using these estimates of
individual consumption as well as observed individual incomes (see Technical Appendix and
Coeurdacier, Guibaud and Jin (2012) for more details).

Figure 4.2 illustrates how the amount of old-age support is key to generate age-savings
profile in line with the data. Our benchmark calibration with high level of intergenerational
transfers matches fairly well the level of savings of young and middle-aged individuals as well
as the dissavings of the old. We underestimate slightly savings of young adults (between 26
and 30) but we see that as a good sign for our theory since these are the first cohorts affected
by the policy change. Calibrations with lower values of ¢ tend to underestimate savings of
young middle-aged (in their 30s), overestimate savings of individuals in their 50s (with lower
transfers, individuals have much more incentives to save for retirement). Due to much larger

wealth accumulation, dissavings of the old also become much larger than in the data.

4.3 One child policy simulations

We aim at studying the transitory dynamics of the model following a ‘one-child policy’
starting from our unconstrained steady-state denoted {nss; hss} = {ny—1; M, 1} and a given

(steady-state) age-savings profile {s., 4, } The policy is implemented at date ¢ty = 1982

v={3;...8}"
and is assumed to be binding (with the exception of twin births).??

Analytical solutions are very cumbersome so we proceed through numerical simulations to
describe the model dynamics following the implementation of the policy, using the calibration

shown above (see Table 4).
Transitory dynamics of the calibrated model

As before, the maximization program remains the same with the binding constraint

n < Nmax. After to, equation (17) still holds but the number of children is now nyay:

Yo (l+ 9)2) N e (18)

g = (220298 o5

22Note that hy,4+1 = hy, since the people holding a human capital of hy,+1 are born in ¢y — 1 before the
policy is implemented.
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This describes the dynamics of human capital accumulation with initial condition Ay, .
Given the dynamics of human capital h; for ¢ > ¢y 4+ 1, one can easily back out consump-
tion/savings decisions for each age group or t > ¢, + 1 using the appropriate intertemporal
budget constraint (equation (15)) and the Euler equation (14). This allows to simulate

aggregate savings over income as well as age-savings profile.
Aggregate savings

Figure 7?7 aggregate savings over labour income in the years following the policy for in
our benchmark and in the data. Model estimates are linearly interpolated at the various
dates (1979, 1989, ..., 2009). Our model generates roughly 50% of the total increase in
aggregate savings over the last thirty years. Interestingly, calibrations for different values
of intergenerational transfers ¢ provide a reasonable match of aggregate savings and a very
similar pattern (the increase of savings rates over the period 1981-2009 is 11.5% in our
Benchmark, and 9% for 1 = 3.8% (Low transfers), compared to 21% in the data).?

Aggregate results are robust across calibrations because aggregate savings raise for two
reasons: the ‘micro-economic channel’ (change in savings decisions for a given age group)
and the ‘macro-economic channel” (changes in income and population composition). It turns
out that for a high value of ¥ such as in our benchmark calibration, the ‘micro-channel’
becomes larger as the loss in transfers following the policy becomes more important, but
the ‘macro-economic channel” is dampened since age-savings profiles are flatter as shown in
Figure 4.2. To the opposite, lower values of 1) imply a stronger ‘macro-economic channel” and
a weaker ‘micro-economic channel’. As both channels are, roughly speaking, substitutes, the
increase in aggregate savings is similar across the different calibrations. Finally, a flattening
of the life income-profile generates stronger incentives to save for households in the thirties,
which are an important part of the Chinese population in 2009, generating a further increase

in aggregate savings in the calibration with Time-varying income profiles (see Figure 77?).
Age-saving profiles

Figure 4.3 (upper panel) represents the predicted age-savings profile {S%t}v for

={3;...8
t = 1998 (upper panel) and 2010 (lower panel) as well as their empirical counterpart for
1998 and 2009, thus for our Benchmark calibration (and for Time varying income profiles.?*

In order to build Figure 4.3, we identify properly the individuals born after the policy

23Household savings rates are a bit noisy at the beginning of the sample so we average the first 4 years
(1981-1984) to compute the overall increase.

24We do not present profiles in the case of ‘Low transfers’ since we know they will not be comparable with
the data.
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Figure 12: Aggregate household saving rate. Model versus data

Notes: Data source: To be done

implementation and the ones born when the policy was only partially implemented (between
1972 and 1980) or not affected at all (the oldest). To do so, we assume that a given cohort
has a flat savings profile at a given date over the following age brackets [22-26], [30-38],
[42-50] and [54-60] (for v = 3,..,5) but cohorts born at different dates (and thus affected
differently by the policy) coexist at a given date: cohorts are born every four years from
1940 onwards and have their first child at the age of 28 (average age of first child over the

last 30 years).?

25For instance, in 2009, adults aged 30 have an only child and are also born at the time were the policy
was almost fully implemented (in 1979). They differ from adults aged 38 which also have an only child but
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Figure 13: Age-savings profiles in 1998 and 2009. Model versus data
Notes: Data source: UHS, 1998 and 2009. Individual profiles are constructed using Chesher (1998). See
Technical Appendix and Coeurdacier, Guibaud and Jin (2012).

have more siblings (since born in 1971 before the poH%y implementation).



0,3

e==jll==Benchmark == =Time varying income profiles

Figure 14: Change in savings rates across age between the initial steady-state and 20009.
Model Predictions.

Notes: Cohorts are born every four years since 1940. Calibrations of the parameters are shown in Table 4.

When inspecting Figure 4.3, results are quite striking if we abstract from the old retirees.
At both dates, an particularly so in 2009, we match fairly well the saving profiles of the
middle-aged group. In particular, if we compare to our initial distribution of savings rates,
two movements in the profile deserve further comments: one is simply an overall shift upwards
of the curve that we capture quantitatively pretty well. This overall shift has to do with the
fall in in current expenditures to raise children and the fall future transfers that provides
incentives to everyone to save more. The other one is a significant flattening of the curve
for the middle-age group (30 to 60). While in 1986 (and in our model), the top of the curve
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was clearly attained by individuals in the fifties, in the years following the policy, the curve
flattens. This implies that savings rates have been increasing faster for individuals in their
thirties than for older age groups, a feature of the data well noticed by Chamon and Prasad
(2010) and Song and Yang (2010).2¢ Two factors contribute to this finding: first, individuals
in their thirties are the first affected by the policy along the transition. Individuals in their
fifties had their children in the mid-seventies and are only partially affected by the policy
change. Second, they are the ones that are the most affected by the policy: they can free
up more resources for saving due to lower expenditure to raise children. Adults in their
forties also see their overall expenditures falling but this is dampened as they have to spend
more resources per kid to provide better education (quantity-quality trade-off). This result
is confirmed and reinforced by Figure 4.3 where we investigate the variations over a longer
time-span (1979-2009) of the saving rates of the different age groups as predicted by the
model. One should notice, that our benchmark model fails however in explaining the sharp
increase in savings rate of retirees over the period and falls slightly short in explaining the
overall increase in savings of younger adults (in their thirties). Allowing for time-varying
life income profiles solves the latter issue as shown in Figure 4.3. As the life-income profile
flattened in the recent years, younger adults in their thirties had more incentives to save (see
Song and Yang (2010) and Guo and Perri (2013) for a similar point).

Human capital accumulation
[to be written]
Identification through ‘twins’

We simulate the income/consumption profile of an individual giving birth to twins at a
date t > tg. The savings rate at different age (compared to the savings rate at the same
age of an individual having one child as prescribed by the policy) is shown in Table 5 for
our benchmark calibration. We find that at age v = 4 and v = 5, the saving rate is resp.
7.2% and 9.5% lower than for households with an only child in 2009. This is so because they
spend less per child as well as save less for retirement since household with two children will
have higher old-age support than households with an only child. At age v = 6, households
were only subject to the partial implementation of the policy (their children are born before

1982). Thus differential savings rate when having twins depend on how the birth of twins

26 An important difference emerges from our data compared to Chamon and Prasad (2010) and Song and
Yang (2010). Individual savings rates did not increase for young adults childless (both in the model and the
data). Our individual savings data differs because we correct for biases due to multigenerational households
in the estimation of the profiles (see Coeurdacier, Guibaud and Jin (2012)).
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affect their overall fertility (compared to households not having twins) an cannot be inferred
directly form the model. One can however safely argues that for these households, the overall
impact on savings of having twins should be much weaker compared to younger households.
Similar arguments hold for older households (age v = 7 and v = 8). If having twins does
not affect the optimal number of kids, one should observe no difference between their rate of
savings and the the one of parents not having twins.?” Finally, we estimate the differences in
terms of human capital of twins versus only child and the differences in terms of education
expenditures per child across the two types of households (for children aged 15-25, as a % of
total expenditures). We find that our calibrated model suggest a 20% difference in human
capital achievement between twins and only child, which in terms of observable accounts for
a 8% difference in human capital expenditures at the age of 40 — 45 (v = 5) for the parents

(as a % of overall expenditures).

Table 5: Twin experiment. Comparison of outcomes for families with twin births and families
with an only child in 2009 (Benchmark calibration)

Savings rate

Only child Twins Difference
Sy=4 (30-40) 24.7% 17.5% %
Sy=5 (40-50) 34% 24.5% 9%
Human capital

Only child Twins % Difference

(h2009 - hss) /hss 45% 15% <W> — 20%
(¢4 + drhaooy) / (ca2000 + Pa + Grhaoos) 20.6% 12.6% 7.3%

5 Empirical Evidence

In what follows, we test three main implications of our theoretical model: higher fertility
leads to (1) lower household savings rate; (2) lower education investment per child; (3)
transfers from children to parents rise in the quantity and quality of the children. To obtain
an exogenous variation in fertility, we adopt the incidence of twins as an instrument for
variations in household size. Twinning becomes an ideal natural experiment in the case of

China after the implementation of the one child policy, as all families are allowed only one

27 Another possibility could be that having twins is less costly than having two separate births due to
economies of scale. In this case, one could expect parents of twins not affected by the policy to save more.

46



birth-and thus differences in the number of children do reflect differences in preferences.
Where exogenous restrictions on fertility do not apply to most circumstances, Rosenzweig
and Wolpin (1980) show that the incidence of twinning at first birth can also serve as an
appropriate instrument. Indeed, to the extent that the probability of twinning increases
with the number of births, comparing outcomes of households with birth of twins with those
who had singletons in all pregnancies may also capture differences in outcomes that are
attributable to variations in preferences for the number of children. It is in this instance
that Rosenzweig and Wolpin (1980) and Oliveira (2012) use twin births that occurred in
the first pregnancy as a source of exogenous variation in the supply of children, on the
presumption that these women who gave birth first to twins are likely to have preferred the
same number of children to those who had singletons during first birth.

Moreover, insofar as we are interested only in extrapolating the saving behavior of an in-
dividual from household-level saving, which potentially combines differential saving behavior
of members at various stages of the lifecycle—we do not want to include households with mul-
tiple generations of adults. For this reason, only ‘nuclear’ households are considered—that is,
households in which their members consist of only parents, their only child, or twins—here
taken to be the two children of the household head with identical age.?

5.1 Household Savings Rate

Table 6 provides descriptive statistics of the average household savings rate for households
with one child and those with twins. Indeed, the saving rate is on average lower in households
with twins for every income bracket. To examine whether fertility has a causal effect on
household savings rate, we perform an OLS regression analysis using the incidence of twinning
as an instrument for variations in the number of children across households.

The results displayed in Table 7 shows that the birth of twins has a highly significant
and adverse effect on household saving rate, reducing it by an average of 6 to 7 percentage
points. In Column (1), household income is excluded lest it should be an outcome variable—
household members may decide to work more to meet higher expenditures of a greater num-
ber of children, or, conversely, lower the labor supply of mothers. Columns (2)-(4), however,
show that the results are robust to controlling for household income. The effect becomes
even stronger when excluding the top 10% of the poorest and richest households, further

increasing the fall in savings rate by an additional percentage point. It is remarkable that

28The data provides information only for children co-residing with the household head. One potential
problem is that twins could be separated in a way that only one of the two stays with the parents. In order
to limit this possible source of bias, we restrict our sample to children aged 18 years old and below. These
would be the children born after the implementation of the one child policy.
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the order of magnitude of the estimates from the data are of very similar order of magni-
tude than the ones from our calibrated model (and not statistically different at standard
confidence intervals; see Table 5).

Although the indirect effect of twinning on household savings rate is unobservable, the
direct effect on increasing household expenditures can be estimated. Table 8 shows that
twinning mostly raises education and food expenditures (Columns 2 and 3), while having no

significant impact on other types of expenditures or on household income (Columns (4) and

(5))-

Table 6: Descriptive statistics: Saving Rates in Households with Only Child vs Twins

Singleton household | Twins households
Nbr of obs. 51,572 903
Average hh saving rate 22.0% 16.8%
—lowest 20% income 6.7% 0.2%
—second lowest 18.4% 18.0%
—middle income group 24.1% 21.1%
—second highest 29.4% 22.3%
—top 20% income 35.8% 31.5%

Note: UHS, 2002-2009, restricted sample of nuclear households—those in which the members consist of the
parents and the only child or twins.

5.2 The Education Channel

Our model predicts that restricting fertility leads to substitution towards higher human cap-
ital investment per child. Indeed, the data reveals a significant increase in overall education
attainment in recent years —with the gross enrollment rate in senior secondary education
rising from 43% to 79% between 2000 and 2009, and that of higher education rising from
11.5% to 27% between 2000 and 2011.

The flip side of this argument is that that education investments per child decreases with
additional children. Figure 15 reveals an interesting pattern: while the average education
expenditure (% of total household expenditure) per child is similar for only child and for
twins during compulsory education (of ages up to 15 years old), it is significantly higher

for only child during non-compulsory education (of ages 16-22 years old)—as much as the
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average education expenditure put together for twins—at age 20. The difference of 7 to 10
% in terms of % of consumption expenditure across the two groups is also of an order of
magnitude very close to the model predictions. No overt selection bias seems to be at play
as the distribution for the proportions of observations of households with twins relative to

only child by age is conserved across ages (Figure 16).%

Figure 15: Education Expenditures: Only Child vs. Twins

% of household expenditures
25% -
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15% -

10% -

5%

X
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>
»

—#—Education expenditures for singleton hh = Unit education expenditures for twins hh

UHS (2002-2006), restricted sample of nuclear households. This figure displays the average education expen-
diture per child (as a share of of total household expenditure) by age of the child, over the period 2002-2006.

These descriptive results are affirmed by regression analysis that yields estimates of the

29We do not observe children when they leave the household in the UHS data and one could have been
worried that twins and only child would leave the household at earlier age.

49



Figure 16: Number of observations for twins/singleton nuclear households (2002-2006 aver-
age).

Nbr of households with singleton Nbr of households with twins
6000 - r 60
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- 40
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1000 - - 10

: 0
0 5 10 15 20 Age of child

= Households with singleton —— Households with twins

Notes: UHS (2002-2006).

effect of twinning on education investment for each child. As Column (1) of Table 9 indicates,
there is no significant difference between education expenditure per child during compulsory
education years for households with twins compared to those with only child, but a vast and
significant difference during the years of higher education (Column 2): parents with twins of
ages 16-22 invest on average 6 percentage points (of total household expenditure) less than
parents with only children on each child.

This quantity-quality tradeoff argument is also reflected by measures of education attain-

ment: twins are about on average twice as less likely to pursue either higher or secondary
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education than their only-child peers. Table 9 shows that the odds ratio is 0.461 for secondary
education and 0.557 for higher education— with the incidence of twins.?® It is possible that
twins are of potential lower quality compared to singletons—for example, by having lower
weights at birth (net of family-size effects)—and parents may be in turn invest less on their
education and substitue investment in favor of their singleton offspring— a concern raised
by (Rosenzweig and Zhang (2009)). The problem is less serious, however, when households
can only have one births in the case of recent periods in China. Oliveira (2012) also finds

no systematic differences between singletons and twins.

5.3 Transfers

The third implication is that transfers from children to parents are increasing in the quantity
and quality of children. Data on transfers come from CHARLS, for the year 2008. We
estimate the effect of both the number of children and their education level on net transfers
received by the parents, in a sample that includes only urban households (Table 11) and in
a larger sample that combines both rurual and urban households (Table 12). The sample is
restricted to parents above the age of 60—for whom the one child policy was more or less
not yet binding.

As before, the definition for transfers is: the sum of regular and non regular financial
transfers and the yuan value of in-kind transfers. Net transfers is taken to be those from
children to parents less transfers received by children. Gross transfers are transfers from
children to parents.

Table 11 indicates that an additional child has a positive and significant effect on net
tranfers to parents— on average conferring an additional ... yuan (dollars)—equivalent to

of household income (Column 2). It is clear that higher education of children leads
to a significant increase in net transfers received by the parents (Columns 2 and 4), in
both samples. For those households with children under the age of 25, net transfers are
on average falling in children’s education level, most likely reflecting the transfers used to
finance education expenditures. For households with adult children (of ages above 25), net
transfers are rising in children’s level of education (Column (4)). Overall, there is a significant
and positive effect of both the quantity and quality of children on net transfers received by

parents.3!

30Results are similar when controlling for household income and therefore hereby omitted for convenience.
31Gimilar results hold when replacing net transfers by gross transfers, results of which are hereby omitted
for convenience.
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5.4 Back-of-Envelope Calculations on Household Savings Rate

[very preliminary]

One can back out form empirical estimates some counterfactual savings rate for a dif-
ferent policy. First, one ask how moving from restricting households to having one child to
households being able to have two children affect household savings (assuming that having
twins in this regard is not too different from having two children). For households with
children less than 18 years of age, the effect of having an additional child is to reduce the
savings rate of these households by 6.16 percentage points (estimates taken from Table 7). We
label this as the ’decision effect’ (micro-economic channel). This brings down the aggregate
household savings rate from 32.41 percent to 29.83 percent (a reduction of 2.58 percentage
points). The second impact comes from changes in the demographic composition, labeled as
the ’composition effect’ (macro-economic channel), which is estimated by doubling the ob-
servations of individuals between the ages of 18-29—those who are now adults but who were
subject to the one child policy (born after 1980). We assume that consumption is equally
shared between these individuals and their hypothetical siblings. This composition effect
further reduces the aggregate savings rate by 3.50 percentage points. The combined effect
is therefore a fall of 6.09 percent, which amounts to roughly 30 percent of the total 21 per-
centage points rise in household savings rate between 1982-2009. Note that such estimates
are purely driven by empirical estimates. Note surprisingly, they are not very far away from
the model predictions since our simulations generate similar micro-economic channel and
our age-savings profiles for young and middle-aged households are fairly close to the data.
Simulating a two child policy generates an household savings rate 8% lower in our model.
This such a number can also be interpreted as a lower bound of the aggregate saving effect
of the one child policy. Our baseline model estimates of section 4 were imputing roughly half
of the increase in aggregate savings to the one child policy. This is based on a counterfactual
where families have on average 3 children. With a more conservative counterfactual of 2
children per households, one gets that the one child policy contributed to a third of the

increase in household savings.*?

6 Conclusion

We show in this paper that exogenous fertility restrictions in China may have lead to a

rise in household savings rate—by altering savings decisions at the household level, and

32Discuss if the estimated effect is a lower/upper bound (economies of scale associated with raising
twins/average natural fertility rate is above 2 per woman....
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demographic compositions at the aggregate level. We explore the quantitative implications
of these channels in a simple model linking fertility and saving through intergenerational
transfers that depend on the quantity and quality of offspring. Predictions on the age saving
profile become richer and more subtle than that of the standard lifecycle hypothesis, where
both human capital investment and intergenerational transfers are absent. These patterns
are shown to be born out by profiles estimated from the data.

From our empirical estimates of the impact of an additional child on household saving,
we find that the ‘one-child policy’ can account for at least 30 percent of the rise in the
aggregate household saving rate since the enforcement of the policy in 1980. Moreoever,
the necessary components that constitute the micro-level channel through which fertility
impinges on household saving are broadly consistent with the data.

We believe that shifts in demographics as understood through the lens of a life-cycle
model remains to be a powerful factor in accounting for the high and rising national saving
rate in China—particularly when augmented with important features capturing the realities
of its households, and particularly when buttressed by compatible micro-level evidence which
we show. The tacit implication—on a broader scale—is that the one-child policy provides a
natural experiment for understanding the link between fertility and savings behavior in any
economy— in which intergenerational transfers serve as a reliable and consistent means to
old-age living—Dbe it a matter of under-developed pension systems, or be it merely a matter

of culture and tradition.
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7 Appendix

7.1 Data

RUMICI 2008 (where we can see all children alive)

CHARLS
UHS

7.2 Theory

[to be cleaned]

Proof of Proposition 1
[Convergence and stability to be done. Proof to be put in the appendix]
Uniqueness.
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If {nss; hss} exists, then it must satisfy by the definition of SS the set of equations:
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0. this pins down the uniqueness of {ngs; hss}, which are both > 0.
Moreover, if we define implicitly the unique ng as follows:
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We get immediately since w > « that n > ny.

Proof of Proposition 2
Define aggregate labour income in the economy as:
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(19)
The first-order condition with respect to h; is:
2 nf B Ows t+5 1 Ows t+4:| <w5 t+2>
— : + : = n —
e w |:68,t+5 Ohiy1 crpya Ohygq 9h C5,t42
P gz [F2RP (140 + (BR)Z] = midnziaoh?
apl—a ¢C¥ (1+gz) w—1
hy ht+1 = <g R2¢y, ) t
or " N
P(1 +gz)2 tw*l <;L—+t1> — R ¢phi1
So Eq. (19) becomes:
DU ) o = R[Réu+ (95 + dnher) (L4 2)] = [R+ (L4 9] (L+02) = dnhe
w1 ) BR3P0y : ¢
C4,t41 Rv @
: = Roa/(1+:) + ¢5+ dphisr (1— B A+ (1 +g:)/R) —
(S ) e = Rou (1400 + 65+ duhens (1= 50+ (1+.0.)/7) )
c 14+ g, w
(—*) = 9P iR, 11 4 )+ 0) e+ dmehen (1— (14 (14 02)/R) 2]
W4, 41 Rv o
Using Eq. (15):
(g m_4) C4,t+1 _ 8 Wry t4y—3/Wa, 41 + Ty ppy—3/Wa 441 _0
7=4 Wy t41 7=4 Ry—4

= (1 —0- ¢4nt) - (¢5(1 +gz) + ¢h(1 +gz)) - — Y

" () (14 )

s (14g2) 3 ¢%w772,t+773/w4¢+1
v=1 RY +’Y:7 R’y—4

= (1 —0- ¢4nt) - (¢5(1 +gz) + ¢h(1 +gz))

2 (1 + 92)7 ht-i-l 1+g:3 (1+ gz)
PRSI 14—t
=T TV hy ( R ) TR

1 (1+g.) <1+ (1+gz)>

" (1) (14 )

n
= 1-0—¢sns — (¢5 + dphir1(1+g2))ne — ¢

14¢.) w 149, 149,
+2_ M"‘E(ﬁhntht—l—l( g )<1+7( g )>

R R

=Ry R R
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Introduce II(3,v) = 3 (§:4ﬁwf4) v

R(1-0)
1+g.

— T(8,0) [(Ré/(1+ g2) + ds) mi + dnmehen (1= (1+ (1+ 0)/R) 2 )|

e R

= (L+TUB, ) e [(Rou/(L+92) + 65) + nhers (1= (1+ (1+9.)/B) )]
(=) (052 (0582)7) —pnB0 (05 1 (23p2)7)

N ) [(0+ 0 ) + S (1— (14 (1+9./R) 2)]

R

Introduce ¢g = <¢4 + ¢5%) = ¢4+ (14 )¢5 and (1-;%) —14yg
Two equations very similar to the simpler model:

w—1
N1

+O+Q%@)—mmm+%ﬂwmm—fﬁ?O+u+w>+mwm4§0+

no= < 1 )(1_9)+(1+g+(1+g)2)_¢T(1+g+(1+9)2)
‘ 1+ 1(8,v) do+ (14 g)ppheyr (L—(1+(1+9) Z)

arl—-a @(1—*—9)2 nwfl

KA <w on > t
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Table 7: Household saving rate: Twin Identification

@ ©) &) @
VARIABLES All households ~ All households w/o highest and lowest w/o highest and lowest
hh income deciles hh expenditures deciles
Twins hh dummy -0.0612%+* -0.0616%** -0.0713%%* -0.0574%%*
(0.0178) (0.0174) (0.0196) (0.0149)
Av parents age 0.0114* 0.00928 0.00625* 0.00824***
(0.00663) (0.00653) (0.00321) (0.00265)
Squared parents age -0.000122* -9.58¢e-05 -6.95e-05* -9.60e-05***
(6.96¢-05) (6.84¢-05) (3.71-05) (3.07e-05)
Child age 0.00940** 0.00975** 0.00400** 0.00618***
(0.00389) (0.00388) (0.00192) (0.00179)
Squared child age -0.000634*** -0.000687*** -0.000368*** -0.000437#%*
(0.000179) (0.000181) (8.22¢-05) (8.90e-05)
Av parents educ 0.0148 0.0204 -0.0408%** -0.0211°+*
(0.0246) (0.0243) (0.0129) (0.0106)
Squared parents educ 0.000940 -0.00233 0.00421%** 0.00523***
(0.00182) (0.00192) (0.00112) (0.000885)
Hh income 5.47e-06%**
(4.86¢-07)
Squared hh income (K
(0)
Observations 42,669 42,669 33,921 34,050
R-squared 0.009 0.023 0.013 0.073
Years dummies YES YES YES YES
Province dummies YES YES YES YES

Robust standard errors in parentheses
K p<0.01, ** p<0.05, * p<0.1

Notes: Data source: UHS (2002-2009) restricted sample of nuclear households: those with either an only

child or twins.
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Table 8: Expenditures: Twin Identification

0 ) &) @ &)
VARIABLES Savings (yuans) Food expdt Educ. expdt Other expdt Hh income
Twin hh dummy -2,213%* 1,0447%%* 1,290%** 942.8 1,065
(937.9) (335.6) (275.8) (955.5) (1,383)
Av. parents age 581,27 135.17%%* 126.2%+* -205.4 637.2%H*
(159.8) (40.90) (24.49) (147.9) (187.6)
Squared parents age -5.895%H* -1.339%#* -1.262%+* 1.001 -T.405%H%
(1.746) (0.453) (0.284) (1.597) (2.018)
Child age -163.1 -23.05 -67.04%** 169.3 -83.81
(119.0) (29.53) (17.67) (106.1) (140.4)
Squared child age -0.0486 2.270% 8,221 -2.952 7.490
(5.098) (1.234) (0.791) (4.636) (5.836)
Av parents educ -3,0317%%* 513.6%** 425 .4%** -2,042%%* -4,133%**
(838.8) (185.1) (143.3) (712.1) (951.5)
Squared parents educ 473.8%** 20.75 3.994 463.8%** 962.3***
(75.64) (16.24) (12.85) (64.43) (85.12)
Observations 26,465 26,465 26,465 26,465 26,465
R-squared 0.100 0.326 0.122 0.160 0.401
Years dummies YES YES YES YES YES
Province dummies YES YES YES YES YES

household income less household consumption divided by household income.

Robust standard errors in parentheses

R p<0.01, ** p<0.05, * p<0.1
Notes: UHS (2002-2006) restricted sample of nuclear households. Households saving rate is defined as
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Table 9: Education Expenditures: Twin Identification

VARIABLES

(1) (2)

Unit educ expdtr Unit educ expdtr

(3)

Unit educ expdtr

(4)

Unit educ expdtr

(in yuans) (in yuans) (% of hh income) (% of hh income)
child below 15yrs 15 to 22yrs child below 15yrs 15 to 22yrs
Twins hh dummy -277.4 -1,051%%* -0.00429 -0.0506%**
(179.2) (284.2) (0.00698) (0.0100)
Child age 08.16*** 4,697H** 0.000792 0.183%**
(25.63) (328.1) (0.000763) (0.0133)
Squared child age -4 570*** -124.9%%* -4.92¢-06 -0.00497%**
(1.503) (8.922) (4.49¢-05) (0.000359)
Av parents age 142 3#%* 776.6%+* 0.00566*** 0.0325%**
(26.80) (150.4) (0.000878) (0.00557)
Squared parents age -1.195%%* ST.07THRE -4.67e-05%** -0.000297***
(0.316) (1.583) (9.84e-06) (5.70-05)
Av parents educ 222.3 083 .4#H* 0.00920** 0.0407***
(159.6) (316.7) (0.00460) (0.0132)
Squared parents educ 19.30 -17.21 -0.000842** -0.00411%%*
(14.21) (28.37) (0.000387) (0.00111)
Observations 16,993 16,946 16,993 16,946
R-squared 0.121 0.075 0.041 0.029
Years dummies YES YES YES YES
Province dummies YES YES YES YES

Robust standard errors in parentheses
X p<0.01, ** p<0.05, * p<0.1

Notes: UHS (2002-2006) restricted sample of nuclear households: those with either an only child or twins.
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Table 10: Education Attainment: Twin Identification (LOGIT)

M ©) ) @
VARIABLES Secondary educ dummy odds ratio Higher educ dummy odds ratio
Twins hh dummy -0.775%* 0.461** -0.586** 0.557**
(0.301) (0.139) (0.228) (0.127)
Child age 5.615%** 274.5%F* 10.03%** 22,783%**
(0.804) (220.8) (0.571) (13,020)
Squared child age -0.135%** 0.874%** -0.228%** 0.796%**
(0.0202) (0.0177) (0.0141) (0.0112)
Av parents age 0.645%** 1.905%*** 0.787*** 2.198%**
(0.0946) (0.180) (0.127) (0.278)
Squared parents age -0.00615*** 0.994%** -0.00741*** 0.993***
(0.000950) (0.000944) (0.00128) (0.00127)
Av parents educ 1.460*** 4.305%** 1.156%** 3. LTTHH*
(0.201) (0.867) (0.151) (0.479)
Squared parents educ -0.0972%** 0.907%** -0.0690%** 0.933***
(0.0188) (0.0171) (0.0134) (0.0125)
Observations 15,226 15,226 15,226 15,226
Years FE YES YES YES YES
Province FE YES YES YES YES

Robust standard errors in parentheses
R p < 0.01, ¥ p<0.05, *p<0.1

Notes: UHS (2002-2006) restricted sample of nuclear households: those with either an only child or twins.

66



Table 11: Urban Household-level Net Transfers from Children to Parents (of ages 45 and
above)

M) ) &) (1)
NET TRANSFERS All households Parents (604) Children (up to 25) Children (25+)
Urban only Urban only Urban only Urban only

Av children educ -196.5 812.5%** -2,106%** 860.1**
(408.0) (254.2) (587.6) (349.0)

Nbr children 649.6* 581.2% 2,851 472.2
(344.4) (311.5) (2,141) (296.7)

Av children age 280.6%H* 173.4%* -460.8 202 3HH*
(107.6) (97.85) (777.7) (110.2)

Av parents age -112.4 -156.2 243.0 -180.9**
(98.71) (109.6) (252.2) (87.57)

Hh pretransfer inc -0.0343* -0.0111 -0.0132 -0.0502*
(0.0203) (0.0131) (0.0105) (0.0273)

Constant -2,053 1,749 -183.5 -1,216
(2,979) (4,904) (8,456) (2,944)

Observations 664 308 185 479

R-squared 0.064 0.024 0.043 0.102

Robust standard errors in parentheses
R p<0.01, ** p<0.05, * p<0.1

Notes: CHARLS (2008). The baseline sample in (1) includes all urban households with children and re-
spondent or spouse of ages 45 and above; (2) includes adds all households with parents of an average age
greater or equal to 60 years of age to the baseline sample; (3) includes the baseline sample in addition to
all households with children of an average age less than 26 years old; (4) includes the baseline sample in
addition to all households with children of an average age greater than or equal to 26 years old.
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Table 12: Urban and Rural Household-level Net transfers from Children to Parents (of ages

45 and above)

VARIABLES

(1)
All households
Urban and rural

(2)
Parents (60+)
Urban and rural

(3)
Children (up to 25)
Urban and rural

(4)
Children (25+)
Urban and rural

Av children educ
Nbr children

Av child age

Av parents age
Hh pretransfer inc
Urban dummy
Constant

Observations
R-squared

~125.9
(347.5)
439, 9%+
(150.5)
153.4°%%*
(46.24)
-58.10
(41.87)
-0.0360*
(0.0189)
667.7
(693.7)
-1,506
(1,381)

1,511
0.044

736. 7%
(148.7)
409.9%+*
(131.8)
87.13%*
(35.69)
-87.18%*
(41.14)
-0.0134
(0.0110)
1,495%%*
(547.3)
-17.47
(1,898)

713
0.054

-2,025%*
(838.7)
1,035
(672.4)
-192.9
(338.8)
154.1
(137.6)
-0.00925
(0.00947)
-990.0
(2,152)
2,149
(7,037)

425
0.048

826.1%%*
(220.3)
340.8%%
(127.2)
131.6%%*
(44.19)
-89.62%*
(35.48)
-0.0516**
(0.0258)
081.0%*
(485.6)
-1,448
(1,396)

1,086
0.097

Robust standard errors in parentheses
x p<0.01, ** p<0.05, * p<0.1

Notes: CHARLS (2008). The baseline sample in (1) includes all urban and rural households with children
and respondent or spouse of ages 45 and above; (2) includes adds all households with parents of an average
age greater or equal to 60 years of age to the baseline sample; (3) includes the baseline sample in addition
to all households with children of an average age less than 26 years old; (4) includes the baseline sample in
addition to all households with children of an average age greater than or equal to 26 years old.
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