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Abstract

This paper explores the influence of demographic changeticydarly the
sharp decline in fertility and the evolution of the popuatiage structure, on
economic development in China. A general equilibrium aygping generations
model with endogenous decisions on fertility, educatidne¢stment and factor
accumulation is employed for our analysis. The family suppoovided by chil-
dren to the elderly, which is a component of traditional atdtin Chinese society,
is also considered. We find that technological changes maibst for growth.
Demographic changes, on average, account for approxiyntebf the growth in
China, while their effect is negative in the pre-1980 peribdth an extension to
include population aging, we find that aging is not necelsadverse to growth.
This finding reflects that a longer life expectancy requiresarsavings and makes
an educational investment for children more attractivectviaccelerates physical
capital and human capital accumulation. However, if théadawrm of family
support for aging parents is strict, aging will significgnticrease the children’s
burden and crowd out physical and human capital accumaulatio
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1 Introduction

China has experienced rapid economic growth in the pase theeades, particularly
following its market-oriented economic reform. Figure bwsis the per capita GDP of
China during the period from 1952 to 2014. China experierstagnation in the 1950s
and 1960s and significant growth since the early 1980s.

China’s high economic growth has been associated with g steline in fertility.
As Figure 2 shows, the total fertility rate (TFR, number ofldien per woman) in the
1950s and 1960s was above 6 (disregarding the drought desimdl959-65). The TFR
rapidly declined to fewer than 3 children at the implemeatabf the one-child policy
and remained between 1 and 2 after 1990.

The decline in fertility reduces the dependency ratio inn@hiFigure 3 shows that
the total dependency ratio in China has sharply declinezedime 1980s. Labor quality
also greatly improved during the same period, as shown inrEig. The literature
studying demographic transition and economic growth hasmented the quantity-
quality trade-off mechanism for children and discussed#refit of lower fertility in the
early stage of developmehtThe aforementioned figures also suggest a similar pattern
in China. Therefore, in addition to productivity growth afagttor accumulation, it is
natural to ask the following question: how important is dgnaphic change for China'’s
growth?

This paper undertakes a structural approach. We first deselstructural model
that is consistent with certain main economic/demografgetures and the pattern of
the quantity-quality trade-off of children in China to qtifynthe importance of the de-
mographic transition in China’s development. Although tibial dependency ratio has
largely declined since 1970, China will soon confront pagioh aging due to the low
fertility rate and extended longevity. Figure 5 plots thejpcted old-age dependency
ratio until 2100 in China. The old-age dependency ratio initkease five times, from

1For example, Liao (2011) suggests that the demographisitiam contributed to approximately 30%

of the economic growth from 1970-2004 in Taiwan.
2The existing literature mainly focuses on the importanceotd! factor productivity growth (TFP) or

factor accumulation; for example, refer to Chow (1993) andng (2003). A few empirical studies have
attempted to link the demographic transition to China’sagho For example, Li and Zhang (2007) suggest
that a decline in the birth rate by 0.1 percent will increasenemic growth by 0.9 percent in a year in
China’s post-reform period. Bloom et al. (2010) suggest @inaincrease in life expectancy and a rise in the
proportion of the working-age population are important@ina’s growth experience.



Figure 1: GDP per capita in China
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national prices (2011 US dollars) and population are usembtopute the
per capita GDP.

approximately 10% in 2010 to 50% in 2100. The impacts of agmthe economy are at
least three-fold. First, the proportion of the working-gagulation will decline, which

reduces the labor supply. Second, increased savings areeedor a longer retirement
life. Third, the extended longevity may affect the inceasifor education investment.
Therefore, this paper also investigates the potential @np&rapid aging on China’s
future development.

A general equilibrium overlapping generations model witd@genous decisions on
fertility, education investment and factor accumulatisemployed for a structural anal-
ysis2 Given the Chinese culture and social norms, adult childrereapected support
their retired parents. To incorporate the feature of familgport into the model without
adding considerable complexity, we adopt a reduced formaaster from children to re-
tired parents such that the support from adult childrenémtiodel is consistent with the
data. In our theoretical framework, parents perform thieéahg actions: choose fertil-
ity and children’s education; allocate their time betweaising children and working;
and allocate their income between consumption, savingsegpenditures on children.

3Similar settings can be observed in Liao (2011), Doepke dlilsbti (2005) and Doepke (2004).



Figure 2: Total Fertility Rates in China
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Figure 3: Dependency Ratios in China
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Figure 4: Labor Quality in China
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Figure 5: Old-age Dependency Ratio in China
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Human capital is discrete, either skilled or unskilled. ®a production side, there is a
representative firm using skilled labor, unskilled labod physical capital as inputs.

The demographic transition may affect economic growthughathe following chan-
nels: 1) change in the working-age population; 2) physicdl lauman capital accumu-
lation; and 3) change in the burden on adult children of fasuipport for the elderly. In
the early stage of a demographic transition, a reductioeriilify allows parents to trans-
fer their resources from raising a large number of childeesavings and/or education
investment in fewer children, which improves the accunmaotabf physical and human
capital. Demographic dividends, physical capital accatioh, and the formation of
human capital all contribute to economic growth. In therl@age of a demographic
transition, population aging lowers the proportion of therking-age population and
increases the burden of family support on adult childrenstht may slow economic
growth. The extended longevity requires more savings aricemaducation investment
more attractive; these have positive effects on growth. dverall influence of aging
depends on the relative magnitude of each effect and is efssarily negative for eco-
nomic development.

Endogenous fertility is essential to our analysis. Thelfigrichoice is combined
with the decision on education investment. Therefore etliea quantity-quality trade-
off for children. Second, technological change has a fegldleffect on fertility and
the quality of children. If fertility is exogenous in the meldthe contribution of demo-
graphic transition to growth may be misleading. We furthrerorporate fertility con-
straints to capture the main spirit of the one-child polityplemented in the early 1980s
in China. Specifically, we differentiate the fertility cdraint imposed on skilled par-
ents from that imposed on unskilled parents to represergttieter enforcement of the
one-child policy in cities.

The benchmark model is calibrated to data from China dufiegoeriod from 1957
to 2007. In particular, data moments around the 1950s, tHg £#880s and approxi-
mately 2007 are used as our calibration targets to représeifllowing three stages of
China’s demographic and economic development. The firgediithe 1950s) denotes a
command economy with a high TFR (above 6) and slow economistfr In the second
stage (the early 1980s), the TFR fell to approximately 3, @hdha was at the begin-
ning of its economic reform and openness. The last stagesepts China currently, a
market-oriented economy with a low TFR (approximately &a) rapid growth.

To discover the role of demographic change in China’s growtlunterfactual ex-



periments are conducted. Specifically, the potential ®suof growth are classified into
the following two categories: (skill-biased) technolagichange and demographic tran-
sition. Our numerical result suggests that technologibainge is the most important
source in explaining China’s growth throughout the entedq. This finding is consis-
tent with the growth accounting literature, which gengraltributes the rapid growth of
China in the post-reform period to TFP growth and a high réfghgsical capital accu-
mulation? We also find that demographic transition represents apmiabely 4% of the
growth in the post-reform period of China, while its impachegative in the pre-reform
period?

To study the effect of aging on the future development of @hime conduct exper-
iments by increasing the survival rate of adults to repreenextension of longevity.
The result suggests that the negative effect from a worselatpn age structure (a
decline in the labor supply) can be offset by the higher ptatsind human capital accu-
mulations. Therefore, the income level can be higher in amgagconomy. However, if
the social norm strictly requires adult children to takeshme responsibility in an aging
society, the heavier burden of family support on adult ekitdwill crowd out physical
and human capital accumulations.

The remainder of this paper is organized as follows. Se@iprovides the theoreti-
cal framework and its characteristics in equilibrium. 8&tB describes the selection of
parameters and the benchmark results. Section 4 disctigsesritribution of technolog-
ical change and demographic transition to China’s growtherpast and investigates the
potential impacts of population aging on future economigettgpment. Finally, Section
5 concludes this paper.

2 TheModd

The theoretical framework based on Liao (2013), with anresiten for family support
from adult children to retired parents. We undertake a Hoex@od overlapping genera-
tions (OLG) model with endogenous fertility and educatiovestment. Human capital

4For example, Borensztein and Ostry (1996); Chow (1993); ktliéhan (1997); and Wang and Yao
(2003).

SCheng (2003) chooses the year 2000 as the initial conditidris calibration. He finds that demo-
graphic structures had a small effect on economic growthr.aDalysis extends the investigated periods to
1957 to include the periods with a dramatic decline in fieytil



is discrete, either skilleds| or unskilled (). Parents make educational choices for chil-
dren. If parents invest in their children’s education, thédren will become skilled
adults; otherwise, the children will be unskilled adultsurtRermore, to capture the
primary essence of the one-child policy in China, a feytitbnstraint is introduced.
Specifically, we differentiate the fertility constraint jiosed on skilled parents from that
on unskilled parents to represent the stricter enforcefghe one-child policy in cities.

2.1 Demographics

At any point of time, the current populatioN) consists of three generations: children
(N°), young adults §¥), and old adultsN°):

N = N°+ NY+ N°.

Human capital is discrete. A young adult is either skilledioskilled, which was deter-
mined by his parents. Therefore, the population of youndtadugiven by:

NY = NY + NY.

Assume that young adults give birth at the beginning of thége Fertility is de-
noted asyj, which represents the number ptype children that amntype young adult
has, (i, j) € {s,u}.® A young adult can have both skilled and unskilled childreme T
population of children is then given by:

NC - (nss+ nsu) Ng + (nus+ nuu) NL)J/

Although human capital is discrete, the accumulation of &mrmapital in the economy
can be measured by the ratio of skilled young adults (skiledkers) to total young
adults (total workers)“—% (%)

Children survive to young adulthood with probabilitg. In addition, young adults
will be alive in old adulthood with probability?. Therefore, the evolution of the popu-
lation in this economy is given by:

NY = 7m°NS
NY = N,

whereNY is the population of young adults in the next period, &idis the population
of old adults in the next period.

81n this paper, we usito denote the type of a young adult ajth represent the type of his/her children.



2.2 Production

There exists one representative firm that uses skilled lahonnskilled laborL,, and
physical capitaK as inputs. The firm uses a CES technology, and the produaiius: f
tion is given by:

Y = A{uLE +(1— p)[OKP + (1— B)LL] P } o, (1)

whereY denotes the aggregate outpédt;denotes the total factor productivity (TFP);
u is the factor weight on unskilled labof is the factor weight on physical capital;
o determines the elasticity of substitution betwdgnand K; and p determines the
elasticity of substitution betweef andLs. The above setting implies that the elasticity
of substitution between unskilled labor and physical @ equal to the elasticity of
substitution between unskilled labor and skilled labore €hpital-skill complementarity
requiresa > p.’

Equation (1) is a constant-return-to-scale function. &fae, output per capity/{c)
is given by:

Yoo = S AL + (1 ) (kP + (1 0)12)5 ]2,

L . o K . . .
o Is=1-lu, andk = . Demographic change results in changes in

the labor-population ratio, the fraction of skilled labarapercentage of total labor, and

wherel, =
the physical capital per unit of labor; therefore, it affeatitput growth.

2.3 Individuals Problem

The life-cycle is simplified to be three periods. By assumptchild labor is not allowed.
Thus, children cannot work and depend on their parents fop@t. Old adults retire
from the labor market. They consume their own savings andlfesupport obtained
from their adult children. Only young adults can supply labod make decisions. A
young adult with skill typé chooses consumption at young adulthogd, savings &),
the number of children for each typg andn;,, and children’s education. However,
the one-child policy established a fertility upper bound éach parent. Therefore, in
our framework, the number of children that a young adult hasikl satisfy the fertility
constraintzj:{w} nj <M.

"The hypothesis of capital-skill complementarity is alsedién the demographic literature, such as
Ferrendez-Villaverde (2001). Empirical studies find evidencestipport this hypothesis. See Griliches
(1969) and Papageorgiou and Chmelarova (2005).
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The maximization problem of artype young adult can be expressed by:

Cy]__o' Cp/l—U / /
Vi gmax 10 PR T (s )l eV + ]
subject to
¢ = (+7)+F;
> njp < M
j={su}
Wi = (I+twwi; F=1+1)r,

(2)

wherecid denotes the agent’s consumption in old agerepresents his wage income;
B is the subjective discount factow; is risk aversion; is an altruism coefficient that
represents how much the young adult loves his childeeis;the elasticity of altruism;
V/ is the utility that a child will have when he becomes a skijeding adult; and/; is
the utility that a child will enjoy when he becomes an unskilyoung adultVy andV,
are both foreseeable for the young adult when he is makinigidas.

Assume each young adult has one unit of tinpas the time cost of raising a child.
A young adult supplies the remainder of his time to the labarkeat and earns the wage
ratew;. ¢ is the education time cost. We assume that only skilled y@atults can teach
children. Therefore, if a young adult, skilled or unskill@gants to provide education to
his children, he has to send his children to school and pagdeation costgWw; for
each chilcf

There is a perfect competitive annuity market that allowswang adult to contribute
&) at young adulthood and receive this annuity when retiring.okl adult consumes
his own savings with the before-tax asset retufin-r')&. r’ is the interest rate in the
next period. To consider the command economy in early Chivadistortions of factor
prices, which may alter the levels of labor supply and invesit, are introduced in the
model. 1,, denotes the distortion on wage income for both skilled arskilled labor.
T, denotes the distortion on rate of asset return. Wengde denote the observed wage
rate for typet labor (W; = (14 1y,)W; ), andr”is the observed interest rate=£"(1+ 1, )r).

8The wage rate for being a teacher is equal to the skilled watge so that in equilibrium, a skilled adult
is indifferent between working in the production sector &eihg a teacher. The setting implies that the
contribution of teachers is not counted in aggregate output

11



In addition, Chinese society has a social norm that childirenexpected to support
elderly parents. To incorporate the feature of family suppdo the model without
adding too much complexity, our strategy is to adopt a redidoem of transfer from
children to retired parents such that the support from ofiildn the model is consistent
with the data® We assume that because of the social norm, adult childrentbasansfer
a fraction rif (which is skill-type dependent) of her/his total income tpgort retired
parents. The total support from children for a tygerent is denoted bi;.

2.4 Characteristicsin Equilibrium

Two characteristics can be shown in equilibrium. First,tfe education investment in
children, only corner solutions exist: parents will eitisend all children or no children
to school. A simple intuition for this feature is that chidrwithin one family are exactly
identical in the model. Therefore, skilled and unskilleddren will not live in the same
family. Second, a young adult will be indifferent betweervihg skilled (paying for
the educational cost) and unskilled (not paying for the atlanal cost) children if the

Ve _ <p_> o @)
Vu Piu ’

wherepis = @(1— rif)vT/i + @Ws and pyy, = @(1— rif )Wi. The right side of (3) represents
the relative cost of a skilled child to an unskilled child fmi-type adult. Since the

relative costs are different between skilled adults andkilled adults, it can be shown
that only one type of parent will be indifferent between Ingvikilled and unskilled

children1©

The maximization problem for a tygandividual thus can be rewritten as:

following condition holds:

C_ylfa C_Ollfa .
| i . _e /
{gyirja??r(]ij} {1—0+Br[y1_0+4’(ncn|1) VJ}’ 4)

9Using the 1987 Survey on China’s Aged Population, Xiong B)0@ports that in urban areas, on
average, 14.7% of the elderly’s total income was contrithuig children, and the ratio is even higher,
39.5%, in rural areas. We use these numbers to approximatavdrages of family support from skilled

and unskilled workers, respectively.
19The proofs of the two equilibrium properties are similar tad.(2013) and omitted here.
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subject to

o+ e = (1— 1 )(1— o Wi — 1{] = S}qamij Ws; 5)
¢ = (148 +Fj; (6)
nij < (7)

where(i, j) € {s,u}; 1{j = s} is an indicator function1{j =s} =1if j =sand 0 oth-
erwise.T is the fertility constraint for am-type parentf; is the total transfer received
from type-j children. For the interior solution, the first order conglits are given by:

nfip = Y- Vi[(1- )W — P - pyny)°; (8)

¥ = [Ba+me.

wherep;; = ¢(1— Tif)Wi + 1{] = s} @Ws, representing the total cost ofjetype child for
ani-type adult.

Children are normal goods in our model. An individual's iléyt decisions follow
Equation (8). Fertility is positively affected by the swai rate of children but negatively
influenced by longevity (the survival rate of young adulte)addition, fertility increases
as income increases. However, an increase in wage ratetishepportunity cost of
child-raising up, thus lowering fertilit}y* If the optimal fertility is beyond the fertility
constraintn, fertility is exactly equal to the constraint.

Based on the two characteristics, only the following cake #et of combinations
of parents’ and children’s types) leads to a desirable balhmgrowth path, in which
both skilled and unskilled workers existi, j) € {(s,s),(u,s),(u,u)}. That is, skilled
parents always choose skilled children, a fraction of Utegkparents {) choose skilled
children, and others (2 A) choose unskilled children. This case implies that edanati
attainment is highly correlated across generations, wisiatonsistent with empirical

11we are aware that child labor in rural areas may lower thedetgiaring cost and differentiates the
child-rearing cost between urban and rural areas. Althouglo not model urban and rule areas explicitly,
skilled and unskilled workers in our model may approximatantain the same economic mechanisms.
Unskilled individuals largely represent the rural residan the model. The gain of child labor that reduces
the cost of having children has been implicitly taken intoamt in our calibration of child-rearing cost for
unskilled parents. We allow the child-rearing cost to béedént between skilled and unskilled parents. In
the benchmark model (Section 3.2), unskilled parents hévigteer fertility rate than skilled parents, which
is consistent with data.

13



findings1?
Total family support received by skilled parents (from k&dl children) in equilib-
rium satisfies
FsNQ = Feg®?NY_; = 1 (1— pnsgWsm®nsNY_ .

Thus, we have
Fss= Tsf (1 — @nss)Ws( HC/n.y) Nss= EsfsVTISa 9

wherefsfsz rsf(l— @ngs) (T1°/ ¥ )Nss. Similarly, the family support to a retired unskilled
parent with skilled childrenR;s) and one with unskilled childreri~(,) can be expressed
as

Fus= Tsf (1— @nss)Wis( nc/ ny) Nus = EJSW& (10)
Fuu = Ty [A (1= @nys) + (1= A) (1= @) W (7°/ 1)y = &, (11)

where&s= 1d (1— gnse) (1€/m)nusand&ly = 1 [A (1— gnug) + (1— A ) (1= enuy)] (1€/ 1) N
In Equation (11)A is the fraction of unskilled young adults who have skilledldren.
Population aging implies a highe? such that the life expectancy becomes longer. If
the social norm only requires typeczhildren to maintain the same fractiaﬁ of their
earnings to support parents in an aging society, the farappasrtF; received by an old
adult will decrease according to Equations (9)-(11), giattelse being equdf

12The OECD (2010) has reported that social-economic backgrtias a considerable influence on the
secondary education achievement of students and thatetss{s in tertiary education across generations
in all European OECD countries. Previous studies investigahe intergenerational mobility of education
in China have similar findings. Gong, Leigh, and Meng (20Eport that the education correlation across
generations ranges from 0.62 to 0.73. Golley and Kong (26d8firm that urban children at least maintain
the education level of their parents, while the intergeti@nal correlation is low in rural areas. Alterna-
tively, intergenerational income mobility can be a proxyediication persistence across generations. Guo
and Min (2008) as well as Gong, Leigh and Meng (2012) concthdéethe relative positions of children
in the income distribution are largely related to the incomfi¢heir parents. In addition, they assert that

education plays an important role in explaining the incomeeation.
13We assume that parental support is equally shared by childithin a family for two reasons. (1)

The total fertility rate has been below 2 for decades in ChBecause most families only have one child,
birth order or gender difference becomes less relevantdoemal support, particularly in our analysis of
population aging. Therefore, we abstract from the birtheorand the gender of children to reduce the
complexity of the theoretical model. (2) In a recent study &t al. (2003) use Taiwanese data (because
Taiwan preserves the traditional Chinese culture and doglsave any strict population control such as the
one-child policy) and find that birth order does not have aifigant effect on the responsibility for parental
support.

14



In contrast, if the social norm strictly requires childremtaintain the same level of
family support to parents (maintain the raﬁ'_@) in an aging society, it implies a higher
burden for each child — the fraction of earlnings for transfeparentsr* will have to
increase. This can be shown from the following equation‘dior a type§ young adult
with a typet parent:

f v Fij

= (BT =g 12
<"C> (1— onsg)Wjni; : (12)

=<ﬁ> il —_if j=u
U [A (1_ q’nus) + (l_ A )(1_ q’nuu)]wj Nij

All else being equal, a highe? increases .

The government maintains a balanced budget every period.implies that insti-
tutional distortions, including taxes, subsidies and oti@/ernment policy tools, are
self-financed. In equilibrium, the following condition laist:

Trrny[assNé{,l‘f‘ aysA Ni,l +agy(1-A )Nifl] + Tw{[1— (@ — @)nsdWsN{

The above equation implies that eitheror 1, is negative:*

In the model, a lower fertility rate contributes to growtinatigh the following mech-
anism. First, a lower fertility rate means fewer childremnl amore time to work. Second,
a lower fertility rate implies more resources for parents/isgs. Hence, physical capital
is accumulated. Finally, parents may be willing to providereneducation if they have
fewer children, which leads to human capital formation. Sehilree channels then affect
the aggregate output.

25 Market vs. Command Economies

Our analysis includes the pre-reform period, when Chinaayganned economy. Thus,
here we provide a discussion of the appropriateness of tistngbove model to charac-
terize China’s economy before proceeding to the calibmaticthe model.

To capture the influence of the planning element in the Clieesnomy, the litera-
ture usually introduces certain costs or price distortina “neoclassical-type” market
framework!®> Chow (1985) also uses a market-oriented model to study Gainatput,

14The definition of a recursive competitive equilibrium in 0ié2013) can be applied here.
15see, for example, Scotese and Wang (1995) and Liao (2013).
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consumption and investment paths and suggests that thenhmaoklel was a reasonable
characterization of how the economy would evolve withouitisal interference. He
uses the residuals from the estimated model as indicatopef@ds of political impor-
tance. He finds that except for certain periods with specdaégiment policies, such as
the Great Leap Forward and the Cultural Revolution, thelteds were not large.

Some previous studies employ a market-oriented model tty she Chinese econ-
omy. However, to carefully address this issue, we stilladtrce price distortions in our
framework to describe the elements of a planned economyinBtiutional distortions
will be captured by the price distortions. In addition, timefficiency of a command
economy will be captured by the calibration of TFP (i&in the production function)
in our quantitative analysis. Therefore, in our analysis,dffect of technological change
on growth includes that from efficiency improvements.

3 Parameter Selection and the Benchmark Economy

The benchmark is calibrated to the data for China in the 196@s1980s and the 2000s
to represent the three stages of China’s demographic amdbeio development. In the
first stage, the TFRs in the economy were stable at a levehdréijexcept for the three
years of the Great Chinese Famine from 1959 to 1961), ancdedorgrowth was low.
The TFR began to sharply decline during the 1960s and 1978sn,Tthe TFR stayed
at a level of approximately 2 to 3 in the 1980s (the seconde$taand China was at
the beginning of economic reform and openness. The ond-pllicy was officially
introduced at this stage. The last stage represents thent\@hina, a market-oriented
economy with a low TFR (approximately 1.5) and rapid grow#imce the TFRs in the
three stages were relatively stable, each stage is solvadtaady stat&®

Specifically, data moments around 1957, 1982 and 2007 ackasseur targets in
the calibration. We first choose 1982 for the following threasons: (i) it was the begin-
ning of China’s economic reform; (ii) China’s one-child jpylwas made compulsory in
1982, although it was initiated in 1979; and (iii) a popwaticensus was held in 1982.

18We are aware of some institutional reforms in the first andséeond stage. For example, 1957 is
the last year of the First Five-Year Plan, and 1982 is the yésam the one-child policy officially became
effective. However, from the perspective of TFR, the pofiotain the three stages we choose was relatively
stable. To simplify the quantitative procedure and focu®onguestions, each stage is solved as a steady
state.

16



Therefore, we choose 1982 to be the middle stage and seleehsytfive-year interval,
i.e., 1957 and 2007, to be the first and the third stages.practice, we use the data of
those years with relatively stable fertility rates arouadtetarget period to approximate
the steady-state moments in each stage.

3.1 Parameters

Table 1 summarizes the parameters in each steady state. ddet period in the econ-
omy is equal to 25 years. Hence, childhood in the model réteegie 0-24 and young
adulthood ranges from age 25 to ¥9Because we study population aging and its im-
pacts on the economy, our calibration target is to ensurettitadependency ratios
(child-young and old-young ratios) match the data targete survival rates from young
adulthood to old adulthood®) are chosen to match the old-young ratios (age 50+/ age
25-49) in the three development stages, 0.4835, 0.4975 &287), respectively. The
survival rates for young adults in the three stages of theehnai 0.4879, 0.5114 and
0.5164, respectively.

Regarding the survival rates from childhood to young adwth(°), because we
have used other parameters to match the targeted childyy@tio in each steady state
(that will be discussed later), we possess no full capaoityetectri®.*® According to
the steady state model properties,

Cc

= (14 g) /(D

) (13)

The latter portion I{°/NY ) in the formula has been determined (as our targets). Thus,
we selectri® such that model population growth raggy reflects the targeted young
population growth raté?

17Although we use the years 1957, 1982, and 2007 to name thedtages (with 25-year intervals), the
data moments, which we match, are those around the target gethe yearly averages around the target
years. With regard to the choice of the target periods, gitxahwe focus on demographic changes, we
choose periods with relatively stable fertility rates as wugets. Moving the target years to a few years

before or after the original targets will not affect our aysé results.
18Because we undertake a three-period OLG model for analymslength of each period should be

equal. For example, Doepke (2004) uses a two-period OLG made each period is 25 years (for child-
hood and adulthood). Hansen and Prescott (2002) also use getiod OLG model, and each period is 35

years (for young adulthood and old adulthood).
19The targeted child-young ratios in the three stages aré2,756997 and 0.9861, respectively.
20According to the law of demographic motiaX?, ; = 7ENE, the number of young adults next period is
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We only use the data of those years with relatively stabldifgrrates around each
target period to approximate the steady-state growthgiagtand the steady-state popu-
lation ratios. The data moment we used for the stage lab&gd it the average of 1950-
1957, for the stage labeled 1982 is the average of 1980-198%aa the stage labeled
2007 is the averages of 2001-2007. The data source is Wopldl&@n Prospects. The
average annual gross growth rates of the young populatioh90-1957, 1980-1989
and 2001-2007 were 0.91%, 2.79% and 0.29%, respectivelya result, the survival
rates for children in stages 1957, 1982 and 2007 are 0.578@4D and 0.9999, respec-
tively.

The annual discount factoBy) in the third steady state is calibrated to match the av-
erage (physical) capital-output ratio 3.15 from 2002 to@8/0Thus, the annual discount
factor in the third steady state is 0.9853. Then, the anrnigabdnt factor is converted to
be consistent with the model period. We further assume tigaaihnual discount factor
does not change across time. Therefore, the discount $aottive first and second stages
are both equal to the level of the third stage. In accordarite Doepke and Zilibotti
(2005), risk aversiond) is set at 0.5. The elasticity of altruisra)(in the third stage is
chosen to be 0.5 such that the relative fertility of unskilfgrents to skilled parents is
close to that in the data, at 129 The elasticity of altruism in the first and second stage
are assumed to be equal to the level of the third stage. ¥irlé altruism coefficient
@ in the third stage is set as 0.1553 to match the child-youtig @986 in 2007. The
altruism coefficients of the first and second stage are fixéuea2007 level.

the number of current children last period that survive todtrrent period. Then, we obtain

Ny N N N
= :T;W:(1+QN‘Y‘1)W’ (14)
When the model economy is in steady state,
NY
TlC:(l-i-gNy)m, (15)

where subscriptort + 1 is removed because the population ratio and the growthomstant over time.
21There is no direct information on China’s capital stock. fEfiere, in accordance with Chow (1993),

we estimate the sequence of capital stock in 1952-2006 tisenigw of motion of capital. Following Chow

(1993), the depreciation rate is set at 0.05 in our estimatiad the initial value of capital stock at the end
of 1952 (including land values) is approximately 2.7 timles butput of 1952. To prevent the effects of
initial values, our estimation begins with 1952. We find tthegt estimated capital-output ratios in the 2000s

are not sensitive to the initial capital stock because thestment before 1978 was relatively small.
22Data source: China 1990 Population Census Data. We comtpaifertility rate by skill type according

to the standard definition of total fertility rate.
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There are two parameters associated with raising childrae.education time cost
is chosen to match the ratio of skilled workers to total weskeBarro and Lee (2013)
provides the education attainment for the total populatio@hina during 1950-2010.
We choose secondary (completed) and tertiary (total) tohbeptoportion of skilled
workers to total workers. However, Barro and Lee (2013) refn ratio for every five
years. Thus, interpolation is applied here to obtain thetifsa of skilled workers in
1957, 1982 and 2007: approximately 3.0%, 12.6% and 29.98pendively. Therefore,
we setg; to be 0.0058, 0.0087 and 0.0270 for each of the three staggmatively. As
reported in Liao (2013), the child-rearing cost in the thitdge is set as 17.08%. Then,
the child-rearing costs in the first and second stages asenho match the child-young
(N®/NY) ratios 1.7592 in 1957 and 1.6997 in 1982, respectively.

China’s one-child policy was initiated in 1979. In 1982, thgplementation of the
one-child policy was officially formalized in governmentailmnents. Hence, no fertility
constraints are imposed at the first stage of 1957. We asswahéettility constraints
are binding in the second stage of 1982. Liao (2013) adoptétiplied national-wide
TFR (weighted by population) to compute the country-widdilfy constraint. It is
well-known that the one-child policy was strict in citieshie it was not easy to strictly
implement in the countryside. Therefore, we set the fgrtdbnstraint for skilled par-
ents to be 0.75 because the majority of skilled workers wecatéd in cities. In the
calibration, the fertility constraint for unskilled patsnis set to be 1.829 such that the
relative fertility of unskilled to skilled parents impliday our calculation is around 2.4,
which is close to Scharping (2003).Finally, as shown in Figure 2, the TFR in China
continuously decreased regardless of the relaxation odrieechild policy since 1991.
This indicates that the fertility constraints are not bimgdin the third stage of 2007.
Therefore, the strictness of the one-child policy does fffecathe calibrated result in
the last stage of 2007. We simply assume that the fertilitystraints remain constant.

There are six parameters in the production siley, p, u, 8 andd. TFP @A) in the
third steady state is normalized to 100. In the first and sgstagesA is calibrated such
that the annual growth rate of per capita output in 1957-1282 1982-2007 matches
3.8% and 9%, respectivef. Thus, A is equal to 15.619 for the first stage and 25.394

23The fertility constraint in the model should be interpreéadan average constraint on the whole young
population (age 25-49) in the stage of 1982, and most paargady had more than one child at the

moment.
2450urce: China Statistical Yearbook, National Bureau ofiStes.
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for the second stage.

According to the estimate in Krusell et al. (2000), we setasticity of substitution
between unskilled labor and physical capital at 1.67 andethsticity of substitution
between skilled labor and physical capital at 0.67. Thdimege implies thatr is equal
to 0.401 ando is —0.493. a is greater tharp; thus, capital-skill complementarity is
guaranteed in our calibration.

To computeu and 0, the following procedures are applied. First, the inconereh
of physical capital is calculated. Hu and Khan (1997) corapié income share of total
labor for China. However, the time series data are computéid 1994. In accordance
with the researchers’ methods and data sources, we extentttime share of total labor
to 20072° The income share of physical capital in the first steady &ae664, which is
the average of 1953-1957; 0.604 in the second steady staiteh i8 the average of 1978-
1982; and 0.490 in the third steady state, which is the aeasfg003-2007. Second, we
compute the income share of unskilled labor to total labooine. To do this, the skill
premium and the fraction of skilled workers as a percentégta workers are required.
In 1957, the fraction of skilled workers was approximatel@ Bercent; in 1982, it was
12.6 percent. However, the survey of wage rates by educetioat available in 1957
and 1982. We thus chose the average wage in the public secte & proxy of the
skilled wage rate and the average wage in the manufactueiciprsto be a proxy of the
unskilled wage raté® In addition, as reported in the China Statistical Yearbo®831
the wage in the public sector is adjusted to represent thiéi@ual benefits rather than
cash income. The adjustment was 1.179 and 1.217 in 1957 &&] t&kpectively. The
corresponding skill premium was equal to 1.078 and 12(6%herefore, the ratios of
unskilled labor income to total labor income are 0.967 a®&Dfor the first and second
steady state, respectively. The 2006 household surveytegpthat the skill premium
was 1.528 in 20058 The skilled labor ratio rose to 29.9 percent in 2007. These tw
values reduce the income share of unskilled labor to 0.6@éeinhird steady state.

With the physical capital income share and unskilled lalbocome share, we are
now ready to compute the factor weightsand 8 in production. They are solved in the

255purce: China Statistic Yearbook, National Bureau of Stiati, 2008.

2650urce: China Statistical Yearbook, various issues, NatiBureau of Statistics.

27In 1957, the wage was 690 Yuan in the manufacturing secto6amdruan in the public sector. Thus,
the skill premium is obtained bgg—é x 1.179=1.078. In 1982, the skill premium is computed §§z71 X
1.217=1.165.

2830urce: National Bureau of Statistics, unpublished data.
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process of solving a steady state using the income shareysigahcapital and unskilled
labor?® Therefore,u and @ are respectively equal to 0.4252 and 0.9983 for the first
stage steady state; 0.5449 and 0.9883 for the second stat)@;6v69 and 0.9714 for
the third stage. The last parameter is the annual depratiedte of physical capital. We
follow Chow (1993) and set the annual depreciation rate im&ht 0.05 and convert it
into a 25-year basis.

China in the third stage of 2007 was close to a market-oricet®@nomy. We set the
distortions on factor priceg{andt,) in the third steady state at 0. Zhuang (1996) uses
a general equilibrium model to quantify distortions on éaqbrices in 1983 of China.
Following his estimate, we sat in the second stage to -0.35. With the assumption
of a balanced budget,, is solved by the government budget constraint and is equal to
0.457. This calibration result implies that the governmares capital gains to finance
the subsidy on labor returns. This implication is consisteith the findings in Zhuang
(1996) that labor was overpaid and physical capital was ik in the sample periods.
Because we have no information for the distortions in theD$9%/e also assume that
in the first steady state is equal to -0.35. The calibrajgid 0.617.

There are two parameters for family support to retired naregﬁ and TJ for skilled
and unskilled workers, respectively. Using the 1987 Suore€hina’s Aged Population,
Xiong (2005) reports that in urban areas, on average, 14fA#edotal income of the
elderly was contributed by children and that the ratio waenevigher, 39.5%, in rural
areas. We assume that adult children are required to suttygirtretired parents such
that 14.7% of old-age consumption for individuals with higtlucation (skilled) and
39.5% of old-age consumption for individuals with low ediima (unskilled) is financed
by transfers from their children in our benchmark modélandrlf are chosen such that
the above condition is satisfied in each development stape.d€&tails are reported in
Table 1.

29They are given by the following equations:

Kr+8)  (1—p)(6kP+(1—0)I)s tokP 16)
Yoo g (- p)(eke +(1-6)I8)¢
_ Wb 1 . 17)
WesLs -+ WyLy 1—Tﬂ(9kp+(1_9)|§)%*1(1—6)|£|50+1
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Table 1: Parameters

1957 1982 2007  Source/Target
(SS1) (SS2) (SS3)

Survival Rates
m° 05736 0.6047 0.9999 implied by daia
W  0.4879 05114 05164 matd = 0.4835,0.4975
and 0.5237 in 1957, 1982 and 2007

Preference
Ba  0.9853 0.9853 0.9853 2007: matéh: 3.15
1957 and 1982: fixed at 2007 level
o 0.5 0.5 0.5 Doepke and Zilibotti (2005)
£ 0.5 0.5 0.5 2007: fertility ratio (unskill/skill) 1.9
1957 and 1982: fixed at 2007 level

1] 0.1553 0.1553 0.1553 2007: mat%& =0.986
1957 and 1982: fixed at 2007 level

Education/Child-rearing Costs
@  0.0058 0.0087 0.0270 mat(%_fl:B.O%, 12.6%, and 29.9%
0] 0.1073 0.0971 0.1708 1957 and 1982: me%%h: 1.7592 and 1.6997
2007: Liao (2013)
Production
A 15.619 25.394 100 1957: match annual growth ratggof 3.8%
1982: match annual growth ratesygt = 9%
2007: normalization
kr 0.664 0.604 0.490 1957 and 1982: Hu and Khan (1997)
2007: China Statistic Yearbook
ur 0.967 0.857 0.606 calculated by the definition
1.67 1.67 1.67  Krusell et. al. (2000)
0.67 0.67 0.67  Krusell et. al. (2000)
Oa 0.05 0.05 0.05 Chow (1993)
Fertility Constraint
N - 0.75 0.75  preset
Ny - 1.829 1.829 1982: fertility ratio (unskill/skill) 2.4
2007: fixed at 1982 level

=
e
Q

Distortion
T -0.35 -0.35 0 Zhuang (1996)

Family Support
rsf 0.381 0.395 0.347 matdhs= 14.7%c

i 0563 0456 0.464 matdhy, = 39.5%Cc2,
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Table 2: Benchmark Economy

1957 (SS1) 1982 (SS2) 2007 (SS3)
Data Model Data Model Data Model

Demographics

Nss 1.171 0.750 0.614

Nus 1.762 1.747 0.863

Nuy 1.776 1.829 1.190

A 0.95% 7.07% 17.10%

N, 1759 1.759 1.700 1700 0.986 0.986

N’ 0484 0484 0498 0498 0524 0524
Production

L 3.0% 3.0% 126% 12.6% 29.9% 29.9%

w1078 1138 1.165 1161 1528 1525

K 230 2466 289 2923 315 3.150

E 0.250 0.261 0.328
Distortion

Tw 0.617 0.457 0
Family Support

7 0.381 0.395 0.347

7 0.563 0.456 0.464

Note: $ in the table refers to the annual capital-output ratio.

Table 3: Benchmark — Average Annual Growth Rates

1957-1982 1982-2007 1957-2007

Ypc 3.8%
A 2.0%

9.0%
5.6%

6.4%
3.8%
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3.2 Benchmark Economy

The three steady states are independently solved to reprieethree stages of eco-
nomic development in China. The main features of the threadst states are summa-
rized in Table 2.

In the first stage (SS1), the fertility difference betweeitiestk and unskilled parents
is small®® Every household has more than three children. Howevergisé¢cond stage
(5S2), fertility constraints are introduced. Bath anduu-type parents are regulated by
the fertility constraints. Because the constraint is srifor skilled parents, the fertility
difference between skilled and unskilled parents becoruget. In the third stage, no
parents are affected by the fertility constraints becahseoptimal fertility choices are
lower than the fertility constraints. Thus, the fertilitiffdrence declines again.

Our calibration target is to ensure that the dependencgsréthild-young and old-
young ratios) match the data. The child-young raﬁé) (decreases over time from 1.76
in the first stage in 1957 to 0.99 in the third stage in 2007. dnti@st, the old-young
ratio (N—S) increases over time from 0.48 in the first stage to 0.52 irthhrd stage. The
dependency ratios at a time point are jointly determinechbyfértility and survival rates
in the past 25 years. The TFR in the model is implied by theetadgpendency ratios.
Thus, the values of TFR in the benchmark economy are nottljireemparable to the
TFR in the data for a specific period.

Along with the development stages, an increasing numbenskilled parents are
willing to invest in education for their children. The pentage of unskilled parents with
skilled children increased from 1.0% to 7.1% from SS1 to S8Praore than 2.5 times
(17.1%) from SS2 to SS3. Therefore, the level of human d(lkﬁ'bain the economy
has grown, increasing from 3.0% to 29.9%. The increase itather force (ﬁ), human
capital accumulation and physical capital accumulatiél)l &ll contribute to China’s
growth. As reported in Table 3, the annual growth rate of thegapita output in the
data (also in the model) during 1982-2007 is 9.0%, while ibvger during 1957-1982,
at 3.8%. The model implies that TFP (productivity) growttesaare 2.0% and 5.6% for
1957-1982 and 1982-2007, respectively. These rates arparabrie to the estimates in
the literature. For example, Hu and Khan (1997) estimatetR® growth was 1.1% in
1953-1978, 3.9% in 1979-1994, and 2.1% in 1953-1994. CesalerBorensztein and

30The model is measured at an individual level, so fertitityin this paper refers to half of the TFR in
the data.
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Ostry (1996) estimate that it was -0.7% in 1953-78 and 3.84®ir0-1994.

The average burden of family support on each skilled andilledkyoung adult,
respectivelyrsf and 1!, are chosen such that the fraction of family support fromltadu
children is consistent with the data. As shown in Table 2y tre 0.381 and 0.563 in
1957, 0.395 and 0.456 in 1982 and 0.347 and 0.464 in 200 & ctaply.

4 Demographic Change, Development and Aging

The first part of this section conducts counterfactual eérpemts to examine the influ-
ences of demographic change on past economic developm&ttima. The follow-
ing potential growth factors are particularly analyzed:hteological change and demo-
graphic transition. The second part of this section is aastigation of the potential im-
pacts of aging on China’s future economic development. fifpacts of aging can affect
economic development through (at least) three channetst, Eiere is a change in labor
supply: the proportion of the working-age population dseti, which reduces labor sup-
ply. Second, there is a change in the saving incentive: mar@gs are required for a
longer retirement. Third, there is a change in educatioastment: extended longevity
may affect the incentive of education investment. With Eédeing equal, experiments
with various population age structures to represent theegsgof population aging will
be performed to discuss their impacts on future economieldpment.

4.1 The Roleof Demographic Changein the Past

China had a crucial economic reform in the early 1980s. Forparison, our quanti-
tative analysis is separated into two periods: the preamefoeriod 1957-1982 and the
post-reform period 1982-2007. We analyze the impacts ofgwevth factors: techno-
logical change and demographic transition. Specificaflghihological change is rep-
resented by changes in the three production parameferg:and 8. Changes in the
three parameters imply both TFP growth and skill-biasetinelogical progress. De-
mographic transition refers to changes in the followingrfdamographic parameters:
Te, Ty, @ and @. They represent the changes in survival rates and the casisifig
children.

The results are summarized in Table 4 for the pre-refornodetBD57-1982, Table
5 for the post-reform period 1982-2007 and Table 6 for theeperiod 1957-2007. In
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Table 4, the column “Technology only” refers to an experitmidat only allows tech-
nological changes from SS1 (1957) to SS2 (1982), while &kxst remain unchanged
at the level of SS1 (1957). The column “Demographics onlyéneto an experiment
that only allows demographic changes from SS1 (1957) to $922(, while all others
remain unchanged at the level of SS1 (1957). We perform the sxperiments in Table
5 and Table 6. These experiments allow us to isolate theteffaach growth factot!

From 1957 to 1982, the annual growth rate of per capita outpilte benchmark is
3.8%. As reported in Table 4, in the scenario with technalaigihange only, the annual
growth rate of per capita output is 2.36%. This result is duthe impacts of techno-
logical change through the three channels. First, sinddreim are normal goods, the
fertility rates of all skill types increase as the child#iag cost (as a proportion of par-
ent’s income) does not alter. Thus, the labor-populatidio sdightly declines (-2.5%).
Second, the skill-biased technological change incre&seskill premium and makes ed-
ucation more attractive. Thus, the proportion of unskipegents having skilled children
is larger and human capital{/L, the skilled labor share) is accumulated. Third, due
to higher fertility rates, the generation with asset haldiflyoung adulthood) is smaller.
Therefore, the capital-output ratio slightly declinesretleough the asset holdings of
each young adult increases. Our result suggests that tet #ffough human capital ac-
cumulation dominates others, so the annual growth raterafqg@ta output is positive.

Unlike the scenario with technological change only, theuahigrowth rate of per
capita output becomes negative in the scenario with dempbgraransition only (-
2.53%). Demographic transition and higher survival ratedkenthe labor-population
ratio smaller than that in SS1. In addition, without theifigytconstraint, fertility rates
increase due to demographic transition, especially the ahunskilled parents. The
skilled labor proportion is reduced. The capital-outputoras also lower due to the
smaller proportion held by the generation with asset hgslirTherefore, because of the
lower factor accumulations and a smaller labor force, atneggrowth rate of per capita
output is observed. We conclude that in the pre-reform geriechnological change
plays a more important role in the development of China dufifa57-1982, while the
demographic transition has a negative impact on it.

31The scenario with demographic change and fertility coitsisarom 1957 to 1982 converges to a
steady state in which the fertility rates of all skill type® d&inding. This is a different equilibrium from
those in the technological and demographic experimentss,Tthe scenario with demographic change and
fertility constraints is not reported here.
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Table 4: China’s Growth from 1957-1982 (SS1-SS2)

Benchmark Technology Demographics

only only
Ypcgrowth  3.80% 2.36% -2.53%
5 0.261 0.244 0.202
(4.23%)  (-2.47%) (-19.31%)
ks 0.126 0.097 0.018
(328.31%)  (228.75%)  (-37.87%)
K 2.923 2.403 1.931

(18.55%) (-2.54%) (-21.70%)
Note: ypc growth refers to the annual growth rate of per capita output
from 1957-1982 (between SS1 and SS2) in the model. Valuesrenp
theses are the percentage change relative to the SS1 of 1957.

The story is slightly different in the post-reform period®8R-2007). Fertility con-
straints are imposed in the second steady state. As shovatla 3, the labor-population
ratio is greater than that in SS2, and the capital-outpib fatreases. Furthermore,
skilled-biased technological change encourages the adation of human capital. We
find that in the scenario with technological change onlyhtigéer labor-population ratio
and the human- and physical capital accumulation lead tcabid growth of per capita
output.

The demographic transition during this period has a slgpdsitive effect on the
economic growth in China. As shown in the last column of Tahldecause fertility
is lower, the labor-population ratio is greater than thaB82. The demographic effect
explains approximately 4% (0.35/9) of the economic growtthe post-reform period of
China. We also find that without technological change, thealgraphic transition leads
to a lower level of human capital (-22.33%). Because edogdtivestment becomes
more expensive and production technology does not shifaitdva skill-bias, parents
have less incentive to provide education.
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Table 5: China’s Growth from 1982-2007 (SS2-SS3)

Benchmark Technology Demographics

only only
Ypc growth 9.00% 8.47% 0.35%
E 0.328 0.281 0.312
(25.96%)  (7.91%) (19.83%)
b 0.299 0.369 0.098
(137.30%) (193.25%)  (-22.33%)
K 3.150 3.188 2.757
(7.77%) (9.07%) (-5.68%)

Note: ypc growth refers to the annual growth rate of per capita out-
put during 1982-2007 (between SS2 and SS3) in the model.eValu
parentheses are percentage changes relative to the bakc882 of
1982.

Table 6: China’s Growth from 1957-2007 (SS1-SS3)

Benchmark Technology Demographics

2007 only only
Ypc growth 6.37% 5.19% -0.18%
5 0.328 0.242 0.293
(31.28%)  (-3.20%) (17.21%)
b 0.299 0.282 0.019
(916.38%)  (858.49%)  (-36.80%)
K 3.150 2.445 2.158

(27.76%)  (-0.85%) (-12.49%)

Note: ypc growth refers to the annual growth rate of per capita output
during 1957-2007 (between SS1 and SS3). Values in paratizs
percentage changes relative to the SS1 of 1957.
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Table 7: Impacts of Aging

Benchmark Baseline Aging Strict Social Norm

Aging | Aging Il Agingl Aging Il

mw 0.516 0.700 0990  0.700  0.990
Old-Young ratio
(Age 50+/25-49) 52% 74%  110% = 69% 94%
Td 0.347 0.347 0347 0382  0.416
T 0.464 0.464  0.464  0.493  0.519
Average TFR 1.97 1.89 1.80 2.03 2.10
Nes 0.614 0.614  0.614  0.613  0.613
Nus 0.863 0.864  0.865  0.877  0.891
Nuu 1.190 1.191 1193  1.260  1.342
E 0.328 0309 0279 0303  0.271
b 0.299 0.369  0.445  0.316  0.331
K 3.150 4026 5121 3430  3.704
Ws

1.525 1.528 1.531 1.567 1.615

Wy

Deviation from Benchmark

Change in output
per capitaAypc - 23.41% 4593% 088% -1.85%

(average annual growth) - (0.53%) (0.95%) (0.02%) (-0.04%)

Note: In the scenarios of baseline agirlé,and TJ are fixed at the benchmark levels. In the
strict social norm scenarioBs/c2 andF,/cC are fixed at the benchmark levels.
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4.2 Population Agingin the Near Future

To study the potential impacts of population aging on futtiegelopment, we extend
the benchmark model with a longer life expectancy to preaenaging society. Two
aging scenarios with various levels of parental supporpagsented in Table 7. These
scenarios are conducted by increasing the survival priityal# to 0.70 such that the
old-young ratio becomes 74% (denoted by ‘Aging I'), and @such that the old-young
ratio reaches 110% (denoted by ‘Aging II'). In a baselinelysia, we assume that the
burden on children of supporting retired parents remaimstemt (i.e.,rsf and TJ are
fixed at the benchmark levels). We also assume that the tagt&et is open in China
and therefore we adopt a small open economy settinig fixed at the international level
(which is the same as the benchmark level of 2007 by assum)p#di other parameters
are fixed at the level of benchmark 2007. The results are suiredain Table 7 under
the panel of ‘Baseline Aging'.

The result suggests that aging has a relatively small effe@rtility: TFR decreases
slightly with a longer life expectancy because parents l@vacentive to increase the
number of children, who can support them in their old age,thethigher demand of
savings for a longer retirement life crowds out the resaufoe raising children. Fur-
thermore, longevity makes education more attractive.l&kivorkers earn more com-
pared with unskilled workers and can save more during th&iwgrage to finance their
retirement life. The extended longevity requires extrarsgs/for a long retirement life,
thus, makes education investment highly valuable. Givanh pharents care about their
children, they are more willing to invest in education in gmg society. Thus, the level
of human capital (measured by skilled labor shiagdl) in the economy increases to
44.5% in the scenario Aging Il from 29.9% in the benchmarkadidition, individuals
have more savings in response to the extended longevityhamek, the capital-output
ratio K/Y increases from 3.15 in the benchmark to 5.12 in Aging Il. éithh labor-
population ratio declines in the aging economies (Aginb,lthe more accumulations
of physical capital and human capital both improve per eapittput ¢,c). Our result
suggests that the effect of human capital and physical alagitumulations dominate
and thus the net effect on output is positive. This reflectsiticreases in per capita
outputy,c — compared with the level in the benchmark, it increases b4283n scenario
| and 45.9% in scenario Il, i.e., 0.5%-1.0% annual growth upat per capita, if we
assume it takes 40 years to reach the aging scenarios fropettethmark year (2007).
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Discussion: Strict Social Norm on Family Support

If the social norm is strict and still requires children tdehe same responsibility for
the consumption of their retired parents in an aging soctéy implications of aging
will be flipped. In this case, the proportion of parents’ algle consumption supported
by children,F /c°, remains the same as in the benchmark. Therefore, parehtsave
less incentives to increase savings for their longer et life but higher incentives
to have children. As a result, compared with the benchmatktha baseline aging
scenarios, the TFRs in the aging scenarios with a stricakaorm are higher and the
labor-population ratios become lower. However, young taduill have to bear a heavier
burden on financing their parents’ consumption that crowdssavings and education
investment. Thus, the levels of human capital and physapital are both lower than
those in the baseline aging scenarios. We find that with et Stoicial norm on family
support, aging may largely reduce the economic growth aaed ad to a lower output
per capita level in Aging Il. The results are presented in @eurthe panel of ‘Strict
Social Norm'.

Discussion: Labor Supply from the Elderly

An implicit assumption of our model is that the elderly retirom the labor market.
Because our main analysis abstracts from the fact that agrop of elderly people still
work, it is worth exploring the robustness of our results iceae in which old workers
are taken into account.

To focus on the effect of the labor supply from the elderly setlice the complexity
of analysis, we consider an economy without parental sugpmn adult children. We
assume that a typeeld adult supplies a fractiof" of time to the labor market. The
budget constraint of the old period is modified as follows:

¢ = (147)a + (14 1) E“W (18)

Wherewid is the wage income for typieeld workers. The rest of an individual’s maxi-
mization problem remains unchanged. The production fand modified accordingly:

Y = A{(LS+LY)% + (1— p)[6KP + (1— 6)(L3+ LYP]7 }a, (19)

whereL? andL?, i € {(s,u)}, denote labor froni-type old and young workers, respec-
tively. The production technology implies that old and yguwmorkers within the same
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Table 8: Aging with Elderly Workers

Benchmark Aging| Agingll

v 0.516 0.700  0.990
Old-Young ratio
(Age 50+/25-49) 52% 70% 97%
& 0.3 0.3 0.3
& 0.3 0.3 0.3
Average TFR 1.97 1.99 2.04
Nss 0.693 0.711  0.739
Nus 0.801 0.821  0.853
Nuu 1.163 1193 1241
E 0.388 0.380  0.368
ls 0.298 0.332  0.358
K 3.150 3.569  3.903
Annualr 4.7% 4.7% 4.7%
W 1.531 1533 1536

Wy

Deviation from Benchmark

Change in output
per capitaypc - 12.28% 19.95%

(average annual growth) - (0.29%) (0.46%)
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skill type are perfectly substitutable in production. Thenthmark economy of 2007
is then re-calibrate® The new benchmark economy is reported in the first column of
Table 8.

Based on the new benchmark economy, we perform experimardgiog with the
same two scenarios, Aging | and Aging I, as in the main afglyds shown in Table
8, the results of the aging experiments with the existenaadvorkers are consistent
with the baseline aging cases in the main analysis (see Table

5 Conclusion

This paper explores the influence of demographic change @ametic development in
China. A general equilibrium overlapping generations nhodl endogenous decisions
on fertility, education investment and factor accumulagics employed for our analysis.
In particular, family support from adult children to retirparents is considered in our
framework to capture one of the important family feature€inese society.

The benchmark model is calibrated to characterize main@unaridemographic fea-
tures in China during the period from 1957 to 2007 to provigeduantitative analysis.
We first study the role of demographic change in the past dpuatnt of China. We
find that technological changes matter most for growth. Téraahraphic transition in
the post-1980 period explains approximately 4% of the gnawiChina, while its effect
is negative in the pre-1980 period.

With an extension of the benchmark model, we further distusgotential impacts
of aging on the economy in the near future. We find that pojmuladging is not neces-
sarily adverse to growth because the longer life expectaeqgyires more savings and
makes the education investment in children more attractiveéch accelerates physical
and human capital accumulation and leads to a higher incewet I[However, if the so-
cial norm of supporting parents in an aging society stilttir requires children to take
the same responsibility as before, this heavy burden wollvdrout savings/education

y
32\e further re-define the following variables in the model:= LY + L9+ LY + L9 1s = == 19 =

LgLTng; Ié’ = D;';—gl_g In the benchmark economy of 2007 with old workers, the ahdisgount factorf3;
is set at 0.9702 to match the capital-output ratio 3.15; threism coefficienty is chosen to be 0.1776
to match the child-young ratio 0.9861; the cost of educaiigis adjusted to 0.0505 so thit= 29.9%.
Following the definition, the unskilled labor income shaseomputed to be 0.6059. Them,and 6 are
solved to be 0.6768 and 0.9714, respectively. Finally, veeiae thaty and &% are both at 0.3. Other

parameters remain unchanged.
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investment, and the effect of aging on development coulstbersed.

The impact of population aging on an economy is multi-din@ma. This paper
focuses on one dimension — economic development througbhérenels of labor sup-
ply and human and physical capital accumulation. We alisfiram other dimensions
to highlight the main mechanism and simplify the model’s pexity.3® This paper
suggests that in terms of economic development, we can be positive regarding the
impacts of population aging in developing countries, suckhina.
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Appendix: The One-Child Policy in China

China’s one-child policy was initiated in 1979. In 1982, thplementation of the one-
child policy was officially formalized in government docunte. The main rules were as
follows: one couple could have one and only one child, a st.cbild was allowed with
permission in a few cases, and a third child was not alloweteuany circumstances.
Based on the main rules, the one-child policy was strictpliad during the period from
1980 to 1984. At that point (1984-1991), the one-child polias adjusted and slightly
relaxed. For example, minorities were allowed to have twigldn after 1984, and some
special cases could even have a third child. In 1988, if tis¢ dhild was a girl, couples
in rural areas could have another child with permission abidth interval arrangement.
After 1991, due to the relatively low fertility rate, the awhChina’s population policies
shifted to maintaining a stable birth rate. Therefore, uutation of the one-child policy
was gradually relaxed. For example, after 2001, a coupleallased to apply for and
schedule a second child if they were qualified. Starting b3 one of a couple was
a single child, that couple would be allowed to have two ¢bitd Finally, the one-child
policy was abolished in 2015.
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