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Abstract

How important is the demographic transition for economic growth? To
answer this question, this paper constructs a general equilibrium overlapping
generations model with endogenous fertility. The model is calibrated to data
from Taiwan, a country that experienced rapid economic growth while under-
going significant demographic transition. Our results suggest that more than
one-third of the output growth in Taiwan during the past four decades can
be attributed to demographic transition, while TFP growth explains another
third and the remainder is mainly due to skill-biased technological progress.
Our results show that demographic change is an important driver of the

growth process in countries undergoing rapid fertility decline.
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1 Introduction

It is one of the key regularities of economic development that economic growth tends
to go together with demographic change. Perhaps the best known examples of this
relationship are the “Asian Tiger” economies. As Figure 1 shows, Hong Kong,
Korea, Singapore, and Taiwan all experienced an extremely rapid decline in fertility
at the same time as their growth miracles took place. This observation raises the
question of whether there are causal connections between demographic change and
growth, and whether these connections are quantitatively important.

The case of the Asian Tigers is particularly relevant, because they provide a
prime example of successful economic development in a relatively short period of
time that other developing countries try to emulate. There exists a sizeable body of
applied literature related to the sources of growth in the Tiger economies, starting
with the seminal papers by Young (1992, 1994, 1995).! This literature, however,
has mainly focused on the relative importance of total factor productivity (TFP)
growth and factor accumulation in explaining economic growth, while abstracting
from demographic change. As a complement to this literature, the aim of this
paper is to quantitatively assess the contribution of demographic change to economic
growth, taking the case of Taiwan as an example. We find that, in fact, demographic
transition contributed more than one third of the output growth in Taiwan over the
past four decades, while TFP growth explains another third and the remainder is
mainly due to skill-biased technological progress. Our results, therefore, suggest
that demographic forces may have been a key component in the recent economic
success of the Asian Tiger economies.

The framework of our analysis is a general equilibrium overlapping generations

model where an individual lives at most three periods. Children cannot work and

1See also Klenow and Rodriguez-Clare (1997); Harberger (1998); Hsieh (1999); Easterly and
Levine (2001); and Hsieh (2002).



depend on their parents for support. If they survive, children become young adults.
Then, subject to a survival probability, young adults become old adults who con-
sume their savings. Young adults supply labor and make decisions on consumption,
savings, the number of children they want, and the education level of their children.
A young adult derives utility from both consumption and the utility of his children.?
The production side is perfectly competitive. There exists a representative firm us-
ing skilled labor, unskilled labor, and physical capital as inputs. The technology
exhibits capital-skill complementarity.

Relative to the existing literature on demography and growth (for example, Ga-
lor and Moav (2002)), our framework makes two important contributions. First, the
setup is a calibrated model that allows us to assess the quantitative importance of
demographic change for growth. A small number of authors have applied calibrated
endogenous-fertility models to questions of long-run growth (such as Fernandez-
Villaverde (2001), Doepke (2004), and Lagerlof (2006)), but to our knowledge our
paper is the first to use such a model to examine the sources of growth in the Asian
Tiger economies. Second, our model encompasses three distinct channels through
which demographic change (a decline in fertility) affect economic growth. The ex-
isting literature has generally looked at these channels in isolation. By combining
the three channels in a unified model, we are able to assess the relative importance
of the channels.

The first channel which links demographic change and growth indicates that

2In the model, parents make decisions on whether to send their children to school or not. Thus,
it is important to put the utility of children and future wages in the value function. Our setup
builds on the standard model by Barro and Becker (1989). Another strand of literature assumes
that parents derive utilities only from the number of children they have, such as Galor and Weil
(1996); Tamura (1996); Dahan and Tsiddon (1998); Lagerlof (2003); and Conde-Ruiz, Giménez,

and Pérez-Nievas (2010).
3Section 5.2 discusses the assumption of capital-skill complementarity. A sensitivity test using

a Cobb-Douglas production function is also provided. The main results are similar.



a decline in fertility affects the age composition of the population and therefore
the dependency ratio (i.e., the ratio of the number of children and retirees to the

4

working-age population).* The second channel indicates that changes in mortal-

ity at different ages affect individual saving decisions through the life-cycle saving

motive.?

The third channel is the quantity-quality tradeoff in fertility decisions.
Changes in the economic environment that induce parents to reduce their fertility
also provide incentives to increase the education investment in each child.® Thus,
by combining the three channels we see that demographic change may affect growth
through changes in labor-force participation, in physical-capital accumulation, and
in human-capital accumulation. Our quantitative model allows us to quantify the
overall impact of demographic change on economic growth as well as the relative
importance of each of the three channels.

In our quantitative analysis, the model is calibrated to the data from Taiwan in
order to the analysis much more specific. However, it is likely that our results capture
forces that apply more generally to all of the Asian Tiger economies. As shown in
Figures 1 and 2, all Asian Tigers experienced similar patterns of demographic change
during their growth process: fast growth with a rapid decline in fertility; an increase
in the proportion of the working-age population; a rise in saving rates; and an
improvement in the quality of the labor force. The quantitative framework that we

have developed could be equally well applied to other countries, regions, or time

4Empirical studies find evidence to show that a decline in the dependency ratio contributes
to growth. See, for example, Malmberg (1994); Bloom and Williamson (1998); Bloom and Sachs

(1998); Bloom, Canning, and Malaney (2000); and Williamson and Yousef (2002).
5Empirical studies find cross-country evidence to support the effects of demographic change on

the accumulation of physical capital. For example, Mason (1981); Fry and Mason (1982); Mason

(1987); and Kelley and Schmidt (1996).
6The quantity-quality tradeoff of children has been extensively discussed in the literature. For

example, Cheng and Nwachukwu (1997); de la Croix and Licandro (1999); de la Croix and Doepke
(2003); and de la Croix and Doepke (2004).



periods as well, but results will likely differ from those of the Asian Tigers, because
the underlying patterns of demographic and economic change are not identical.

Our quantitative strategy is to interpret the rapid growth period in Taiwan as
the transition between two steady states. We start by calibrating the model to two
different steady states, one corresponding to 1970 and the other to 2004. We then
solve for a transition path during which the model parameters smoothly transition
from their 1970 values to the 2004 values. The parameter changes between the
beginning and the end of the transition path include changes in overall productivity
(TFP), in the skill-bias of technology, and in various parameters capturing changing
demographics (such as falling mortality rates). Since both the beginning and the
end of the transition path are calibrated, the transition with all parameter changes
combined reproduces the overall growth of Taiwan over the period. To assess the
relative contribution of TFP, changes in skill bias, and demographics, we carry out
various counterfactual experiments where only a subset of parameters vary through
the transition path. For example, to measure the importance of demographic change
for economic growth we start with the 1970 steady state, and then transition the
demographic parameters to their 2004 values, while keeping both TFP and skill
bias constant. This methodology allows us to distinguish between the causation
from a decline in fertility to economic growth and from the causation from growth
to demographic changes.

The demographic changes include increases in the survival rates of children and
young adults and increases in the time cost and education time cost associated

with raising children.” It is not immediately obvious whether these changes would

"Time costs may be increasing because children contribute less to home production in a modern
economy, and because governments have introduced restrictions on child labor. Education time
costs may also be increasing because of education reforms (so that a teacher is responsible for
fewer students), or because parents decide to spend more time educating children in response to

technological changes. Bar and Leukhina (2010) summarize possible reasons for the increase in



increase or lower fertility. On the one hand, parents are willing to have more children
when the survival probability of children goes up, so it is a positive shock to fertility.
On the other hand, other shocks have negative impacts on fertility: longevity (an
increase in the survival probability of young adults) and increases in the time costs
of raising children and education all push fertility down.® In our experiments, the
effects of time cost and education cost dominate, so demographic changes result in
a decline in fertility.

Lower fertility contributes to economic growth in three different ways. First, a
decline in fertility reduces the dependency ratio. Second, parents’ resources will be
released from the expenditure on children, potentially leading to increased saving
and capital accumulation. Third, in response to the decline in fertility, parents may
provide more education to the fewer children. A lower dependency ratio, a higher
level of physical capital and a higher quality of population all together increase
output. The results from our calibrated model suggest that via these channels
demographic changes in Taiwan generated a per capita GDP growth of about 3.2
percent per year during the past 35 years, which compares with an overall growth

9

rate of per capita GDP of about 8.5 percent per year.” Thus, the contribution

the time cost. They also find that increasing the time cost helps explain the decline in fertility.
Overall, changing time costs can be interpreted as a reduced form representation of all changes

that affect fertility that are not directly captured in the model.
8 A strand of literature argues that longevity is an important source of economic growth because

of the Ben-Porath effect. Cervellati and Sunde (2010) provide evidence in favor, but Hazan (2009)
finds evidence against the Ben-Porath effect. This paper argues that longevity pushes fertility

down, and therefore contributes to growth. Also see Boucekkine, de la Croix, and Licandro (2002).
9Using a model with exogenous fertility, Attanasio and Violante (2005) suggested that changes

in age structure accounted for a per capita income growth of about 0.55 percent per year in Latin
America. In this paper, allowing parents to choose the number of children generates a larger
demographic effect. The difference may also be due to differences across countries, such as cultural

differences and population policies that affect demographic transition.



of demographic change to the overall growth rate is around 38 percent (3.2/8.5).
Furthermore, our experiments suggest that TFP growth explains about 28 percent
of output growth and skill-biased technological progress explains another 29 percent.
The remaining 5 percent is due to interactions between the different channels.!®

We conclude that more than one-third of the growth rate in Taiwan during the
period 1970-2004 can be attributed to demographic transition. This result suggests
that demographic transition played a key role in the “economic miracle” of the Asian
Tiger economies.!!

One specific advantage of our framework is that we can further decompose the
contribution of demographic changes into the three components, namely the growth
effect through the dependency ratio, through physical capital accumulation, and
through human capital accumulation. Authors such as Young (1992) and Tallman
and Wang (1994) have previously emphasized the importance of factor accumulation
for growth in the Tiger economies. When we carry out the counterfactual experiment
in which only demographic factors change, changes in the dependency ratio turn out
to make the largest contribution to growth. However, when TFP and skill bias also
change, physical capital accumulation becomes the most important channel, which
is consistent with the findings in the earlier growth accounting literature.

This paper is organized as follows. Section 2 describes the model and defines a

recursive competitive equilibrium. The equilibrium behavior of this model is also

0Galor (2005a) argues that technological progress increases the demand for human capital.
Parents are motivated to substitute quality for quantity of children, leading to an increase in
human capital and a higher level of output. In addition, longevity may reinforce the above effect

because of the higher rate of return of human capital and skill-biased technological progress.
" This paper discusses the contribution of a decline in fertility to output, rather than the effi-

ciency or welfare changes during demographic transition. The recent literature studies the welfare
analysis in models of endogenous fertility and argues that individual fertility choices may lead
to a too low or too high population size and resource misallocations at the aggregate level. See

Conde-Ruiz, Giménez, and Pérez-Nievas (2010) and Golosov, Jones, and Tertilt (2007).



discussed. Section 3 provides calibrated results for two steady states. In Section 4,
quantitative experiments are provided. Section 5 provides a discussion and Section

6 concludes this paper.

2 Theoretical Analysis

2.1 The Model

We construct a three-period overlapping generations model with endogenous fertil-
ity in which demographic change affects economic growth through three channels:
changes in the dependency ratio, physical-capital accumulation, and human-capital
accumulation.'? People in this economy can live for three periods: children, young
adults, and old adults. Children do not work, but they do receive an education,
which is decided by their parents. The survival rate for children is 7¢. If they
survive until the next period, children become young adults. Young adults can be
either skilled or unskilled, depending on the level of education they received during
childhood. Young adults make decisions about consumption, labor supply, savings,
fertility, and their children’s education. They live until the next period with the
probability 7¥. Old adults neither make decisions nor work. They consume their

own savings.

2.1.1 Evolution of Population

Assume an individual can have children at the beginning of his young-adult period.

Define N® as the population of b, where b € {c,y,0} which represents children,

2Doepke (2004) provides a related two-period overlapping generations model with endogenous
fertility and the accumulation of human-capital. However, Doepke (2004) abstracts from mortality,
physical capital accumulation, and skill-biased technological change, which are central elements of

our analysis.



young adults, and old adults, respectively. Specifically, NY is the population of
skilled young adults and NY is the population of unskilled young adults.

In this paper, we use 7 to represent the type of young adults and j to denote the
type of children. {i,j} can be either skilled (s) or unskilled (u). To describe the
evolution of population, we define n;; as the number of j-type children that each
i-type young adult has. The population of children in this period is determined by
the number of children that each young adult has:

N = (ngs + Nsu) NY 4+ (ns + 1) NY.
If children survive until the next period, they become young adults:
NY = 7°N“.
In addition, the young adults who survive become old adults in the next period:

N° = 7¥(NY + N¥).

2.1.2 Preferences and Budget Constraint

In this economy, only young adults can make decisions. A young adult cares about
his consumption today and tomorrow and the number of his children that survive.

The lifetime utility of an i-type young adult is given by:

C.

l1—0o '1—c
L+ BrY ( r ) + [ (nis + 1)) [TV + 700V, (1)

l1—0c l1—0c

where 0 < 3 <1,0<e <1, and 0 < 0 < 1.13 ¢ is his consumption this period,

and ¢ is his consumption at old age. V! is the utility that a child will receive with

13In Section 2.2, we will show that in equilibrium a young adult only has one type of child. Thus,

lifetime utility can be simplified as:

u(ci) + Br¥u(c)) + w(wcnj)l_EVj'.



education, and V/ is the utility of a child without education. Both utilities are
foreseeable and are known when a young adult is making decisions. % denotes the
elasticity of inter-temporal substitution. ([ is the subjective discount factor with
respect to utility of consumption. 1 is the general level of altruism, representing
how much a young adult loves his children. e determines the elasticity of altruism
with respect to the number of children.

Each young adult has one unit of time. We assume only skilled young adults
can be teachers. Thus a skilled young adult can spend his time working in the
production sector, teaching, and raising children. In contrast, an unskilled young
adult only has two options: working in the production sector and raising children.'*

When an i-type young adult works in the production sector, he earns w; for one

If ¢ = 0, we have u(c;) + pr¥u(c}) + 1m°n;V/. The lifetime utility is linear in n;. If € = 1, the
lifetime utility becomes u(c;) + Br¥u(c;) +¢V]. It is independent of n;. If € > 1, the lifetime
utility is reversely related to n;. If e = oo, we have u(c;) + Bn¥u(c;). The lifetime utility is again

independent of n;. To avoid these problems, we assume that 0 < e < 1.
4 Assume a skilled young adult spends k. of his time on working, 7 of his time on being a

teacher, and ¢(nss + ngy) of his time on raising children at home. An unskilled young adult spends
¢(nys + Ny ) on his children and k, on working. Then, the time constraint of each type is given

by:

Ks+ T+ ¢(nes +nsy) < 15

Ky + ¢(nus + nuu) < 1;

where 0 < ks < 1, 0 < Ky, < 1, and 0 < 7 < 1. Following this notation, the supply of skilled labor
is ks NY and the supply of unskilled labor is k, NY. A recursive competitive equilibrium is defined

in Section 2.1.4. In equilibrium, education demand is equal to education supply:

Qbs(nss/\ssNgy + nus)\usNg) = TN;J

¢5("55A55NJ%1L”“5A“5N3) in equilibrium. A4 refers to the fraction of skilled young

which implies 7 =
adults having skilled children; A,s refers to the fraction of unskilled young adults having skilled

children.
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unit of time. The compensation for being a teacher is w,.'

Children cannot work. However, they are costly. Each child costs p units of
consumption goods and a fraction ¢ of his parent’s time. Parents can also educate
children. The education time cost for a child is ¢,. Define p;; as the total cost of
raising a j-type child to an i-type young adult. Then the total cost of one child can

be summarized as follows:

Pis = (bwz +p+ ¢sws;
Piw = Qw;+p;

Unskilled parents need to send children to school and pay ¢,w, for a child. Skilled
parents can teach their children either at home or at school. It also costs ¢,w, to
educate a child.

The budget constraint of an i-type young adult is given by:
C; + ﬂ-ya'; + p(nzs + nzu) + ¢swsni5 = [1 - Cb(?%s + nzu)]wu (2)

where 0 < ¢, < 1. We assume every young adult signs a contract for life annuity:.
A young adult pays 7¥a; in this period. If he can survive to the next period, he
will get the life annuity from the insurance company and consume (1 + 7’)a; at old
age; otherwise, he will get nothing. The insurance company is perfectly competitive.

The budget constraint for the next period is given by:
¢ = (1+1)aj, (3)

where 7’ is the interest rate in the next period.
By assumption, parents are not allowed to transfer savings to their children as

a bequest. A strand of literature suggests that some parents are willing to leave

I5Tf the marginal cost of being a teacher is larger (smaller) than the marginal benefit of being
a teacher, a skilled young adult will reduce (increase) the time spent being a teacher and increase
(reduce) the time spent in the production sector. In equilibrium, a skilled young adult is indifferent

between working and teaching.
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bequests to their children, but the proportion is not large. First, the data in Gale
and Scholz (1994) suggest that only 3.7 percent of U.S. households reported receiving
bequests; and the average bequest received by those households was about 43,000
dollars.'® Second, Cox and Raines (1985) suggest that the majority of transfers
occur inter wvivos, not as a bequest.!'” Third, the data in Dynan, Skinner, and
Zeldes (2002) suggest that only 8 percent of all households and 12 percent of retired
households mentioned one’s estate or children as a motivation for their savings.!'®
Even in the top wealth class, Modigliani (1988) quotes previous findings and points
out that only one-third of the households mentioned the bequest motivation. In
this paper, allowing bequests is not essential but will introduce heterogeneity on
family assets and complicate the model. Therefore, we assume the old generation

will consume all their savings and leave nothing as a bequest to their children.

2.1.3 Production

There exists a representative competitive firm, using skilled labor (Ly), unskilled
labor (L,,), and physical capital (K) as inputs.'® The main purpose of the production
setting is to generate the capital-skill complementarity. There are three ways to nest
K, L,, and L, with the two-level CES function. Following Krusell, Ohanian, Rios-
Rull, and Violante (2000), the production function in this economy is given by:

Y = A[PLS + (1 — ) (K7 + (1 — 0)L5)*/7), (4)

where A denotes total factor productivity; u and 6 are parameters that govern in-
come shares; o and p govern the elasticity of substitution between unskilled labor,

physical capital, and skilled labor. In this setup, the elasticity of substitution be-

16The Survey of Consumer Finances 1983-85. In the same survey, the average income of the

whole sample was about 29,500 dollars.
17Also see Kurz (1984) and Cox (1987).
8The Survey of Consumer Finances 1998.
9Tn our model, labor refers to the number of workers.
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tween L, and K is ﬁ The elasticity of substitution between L, and K is 1%,)' In
addition, the substitution elasticity of L, and K equals the substitution elasticity
of L, and L,. Finally, capital-skill complementarity requires that a > p.
Capital-skill complementarity is essential for human-capital accumulation. In
(4), physical capital and unskilled labor are more substitutes. During a demographic
transition, unskilled labor is replaced by physical capital when physical capital is
accumulated. Thus, the demand for unskilled labor declines. Since physical capital
and skilled labor are more complements, the demand for skilled labor increases. Skill
premium is given by:
Wy

= 1_—“(er +(1—=0)Lr)s (1 —0)Lr L.
Wy, ol

We know that:

oK \w, 2 p

The above equation is greater than zero as long as a > p. In other words, skill

0 (w) S L (9 = 1) (OK? + (1 —0)L2)520pKP~ Lo L1,

premium increases when physical capital is accumulated. Skill premium encourages
parents to increase the education level of their existing children rather than have
additional children. The notion and the evidence that physical-capital accumulation
benefits skilled labor (or increases skill premium) are discussed in Griliches (1969)
and Fallon and Layard (1975).

This production function is constant return to scale. Thus, we can rewrite (4)

as.
y = Al + (1 — p) 0k + (1 - 0)I2) )=,

where y denotes output per worker, k is the capital-labor ratio, [, is the fraction of
unskilled labor as a percentage of total labor, and I, is the fraction of skilled labor.?°

Then output per capita is given by:

Y L

Ype = N = Nya (5)

OWe definey =X k=% 1, =L |, =Lu and L =L, + L,.

13



where y,. denotes output per capita; L is the quantity of the labor force working
in the production sector; and N is total population. Thus, a demographic transi-
tion affects output per capita through three channels: the fraction of working-age

population %, physical-capital accumulation k, and human-capital accumulation ;.

2.1.4 Recursive Competitive Equilibrium

The aggregate state variables in this economy are the population of skilled young
adults, the population of unskilled young adults, and physical capital. Thus, the
state vector x = {NY, N¥, K}.21

The maximization problem of an i-type young adult is described by the Bellman

equation:

1—0o '1—c
Vi(r) = max {Ci + pBnY G

cidmismi (1 — 0 1—0
Ul ) V) + )] .0
subject to the budget constraint:

ci +mal + p(nis + i) + dsws(T)ng, = [1 — d(ngs + ng)|wi(z), (7)
¢ = (1+7'(2")a;, (8)

and a law of motion of the state vector 2’ = G(x), where i € {s,u}.
The firm’s problem is given by:
max Y — wy(x) L — wy(x) L —r(z) K7, (9)
Li Ll Kt
where Y is defined by (4).
We will show that a young adult has either skilled or unskilled children. He does

not want a mixture of skill types. Define );; as the fraction of i-type young adults

21The population of old generation (N°) is also a state variable of this economy. It is not included

in the state vector because K summarizes all relevant information about N°.
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having j-type children. Then, the following conditions should be satisfied:

Ass ()
Aus ()

+ Au(z) = 1; (10)
+ Aw(z) = 1. (11)
By assumption, only skilled adults can be teachers. Therefore, the supply of skilled
labor (L) and unskilled labor (L,) in the production sector are given by:

Ls(z) = [1 - (¢ + ¢s)nss(x)Ass($) - ¢nsu(x)Asu(x)]Ng - ¢snus(x)Aus(x)Nga
L,(x) = [1— ¢nys(x)]Aus()NY + [1 — dnyu ()] Auu () NY.

The supply of skilled labor is equal to the total skilled labor supply minus the
skilled labor spent on raising children and on teaching. The supply of unskilled
labor is total unskilled labor minus unskilled labor spent on raising children. We
assume that skilled young adults can work as both skilled and unskilled workers,
while unskilled young adults can only work as unskilled workers. Thus the market

clearing conditions for the labor market are:
Li(x) < Ly(x), (12)
Li(z) = Ly(z)+ [Ls(z) — LI (2)]. (13)

The equality of (12) holds if wy(x) > wy(x).
Define A, and A, to be the aggregate asset holding per young skilled adult

and per young unskilled adult, respectively. Aggregate supply of physical capital

tomorrow is given by:
K'(z) = wY(ALNY + A, NY). (14)

where A’ = g4(x) and A’, = g,(x). In equilibrium, aggregate demand of physical
capital (K/(x)) has to equal aggregate supply of physical capital K. The market

clearing condition for the physical-capital market is:
K'(z) =K. (15)
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The final equilibrium condition is the law of motion of skilled and unskilled
young adults. For each type, the population of young adults in the next period is
determined by the fertility and the survival rates for children in this period. The

evolution of young adults is given by:

N = mnss(2) Ass () NY + s (1) Aus () N ; (16)
NY = 70 (2) M (@) NY + g (2) Aau () NY)]. (17)

A recursive competitive equilibrium consists of value functions Vi(x) and V,(x),

pricing functions wy(x), w,(z), and r(x), mobility functions Ag(x), Asu(2), Aus(),

/
S

and A\, (), policy functions ngs (), nsy (), nus(z), nuu (), a(z), and a,,(x), decision
functions of the firm K/(z), L{(x), and L{(x), a law of motion of state variables
¥’ = G(x), and A's = gs(x) and A", = g.(x) such that:

1.Given wg(z), wy(x), and r(z), the value functions and policy functions solve
the household’s dynamic programming problem (6).

2.For (i,7) € {s,u}, if \jj(z) > 0, n;;(z) maximizes (6).

3.Given wg(x), w,(x), and r(x), the decision functions maximize the firm’s profit.

4. The market-clearing conditions (12), (13), and (15) are satisfied.

5.The mobility functions satisfy (10) and (11).

6.The law of motion G for the state variable z is given by (14), (16), and (17).

7. Perceptions are correct: A';(z) = d';(x), where ¢ € {s,u}.

2.2 Equilibrium Behavior

This section discusses the equilibrium behavior of the model. First, the maximiza-
tion problem has corner solutions. A young adult will either educate all of his
children or none of them. Second, since a skilled child is relatively cheaper than
an unskilled child for a skilled young adult, an unskilled young adult is indifferent

between educating all of his children or none of them. For a balanced growth path,
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skilled young adults always have skilled children, a fraction (A,s) of unskilled young
adults educate their children, and other unskilled young adults always have unskilled

children.

2.2.1 Corner Solutions

The intuitive reasoning of corner solutions is that children living in the same family
are identical. Therefore, a parent will either send all of his children to school or
none of them. Skilled children and unskilled children will not co-exist in the same
family.

In the model, the decision problem can be broken down into two stages. In the
first stage, a young adult allocates his income between consumption today, asset
holdings, and total expenditures on children F;.2? In the second stage, he allocates
the total expenditure on children between his skilled and unskilled children. Assume
that a fraction f; is spent on skilled children. Then the number of skilled children

for an i-type young adult equals n;s = % The number of unskilled children is

e
1—f\E:
Ny = ( pf) -
U

The adult chooses the fraction f; to maximize his lifetime utility. The maximiza-
tion problem can be rewritten as:

l1—0o /11—0o —€
max G —Fﬁﬂ'y G _I_wﬂ_cl Eil—e i + f f + ( f) )
i 1—0 l-0o Dis Din Dis Piu

where ¢; = w; —¥a), — E;. By assumption, 0 < ¢ < 1.2 Thus, the objective function

22F; = pisnis + Piuliu, Where pi; is the total cost for an i-type adult to raise a j-type child.
23 As discussed in Footnote 13, the case ¢ > 1 is ruled out. In the case ¢ = 0, the objective

function becomes:
1—0o

1—0o
G y Gi cp
mf%x {1—04_6#1—0—’_1/}7T !
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is Diu
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If we have = = Yu (the indifference condition when ¢ = 0), the parent is indifferent between

Piu
skilled and unskilled children and any combination of the two types. The solution is not necessary
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is convex in f; and the adult will choose a corner solution. The proof is provided in

Appendix A.

2.2.2 Indifference Condition

An i-type young adult only has one type of children. Given the type of children j
and the total expenditure F;, the number of children a young adult has is f— The
ij

maximization problem can be written as:

1-o /1—0o 1—¢

. : - (E;

max G + BmY G + wﬂcl — Vi,
1—0 1—0 Dij

where ¢; = w; — E; —w¥a’; and ¢; = (141")a’;. The first two terms are independent
of the type of children (independent of j). The last term contains the cost and the
utility of a child. A young adult is indifferent between having skilled or unskilled
children if and only if the following condition holds:
Vi
it P

If this condition is satisfied, every i-type young adult faces the same maximization

(18)

problem at the first stage, that is, he allocates resources between consumption, asset
holdings, and total expenditures on children regardless of the type of children. At
the second stage, given the optimal E;, there is a trade-off between quantity and
quality of children. The higher cost of having skilled children reduces the number
of children that a young adult has.
Condition (18) can be rewritten as:

v, <%) 1—¢

Vi Piu .
The right side of this equation is the price of a skilled child relative to the price of

an unskilled child. The relative price for a skilled young adult is given by:

Pss Pws +p+¢sws_
Psu pws+p

to be corner. Therefore, the case of ¢ = 0 is ruled out.
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the relative price for an unskilled young adult is given by:
Pus Pwy + P + Gsws
Pun ¢w, +p

Furthermore, we know that w, > w,, so the relative price for a skilled young adult

is always lower than the relative price for an unskilled young adult. Since a skilled
child is relatively cheaper for skilled parents, only one type of young adult can be
indifferent between having skilled and unskilled children.

In summary, there are three possibilities. A typical case is that skilled young
adults have skilled children and unskilled young adults are indifferent. That is,
skilled adults always have skilled children; a fraction of unskilled parents have skilled
children; and the others have unskilled children. This implies A\qs = 1 and 0 < A5 <
1. In this case, there is an upward mobility: human-capital accumulation. Because
we look for a balanced growth path in this economy, we focus on this case in the

rest of this paper.?*

2.2.3 Fertility

To simplify the notation, the subscript for the type of a young adult is ignored in
this subsection. Given the type of a young adult, the maximization problem can be

simplified as:?

A LN e

Y
-0 +pr -0

. /
nj,a

o)V

24The other two possibilities are: (1) Skilled parents always have skilled children, while unskilled
parents always have unskilled children; (2) Skilled parents are indifferent, while unskilled parents
always have unskilled children. Both cases cannot occur in a balanced growth path. In the first
case, unskilled children are cheaper than skilled children so the fertility rate of unskilled young
adults is higher. There are more and more unskilled workers in this economy. Finally, w, becomes
zero, which will not happen in the equilibrium. In the second case, there is a downward mobility.

It will lead to w, = 0.

25To deal with life annuity, we assume that different types of young adults have different con-

tracts. Thus the type s — s, u — s, and u — u can get a, a.,,, and a},,, at his old age respectively.
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where j = {s,u}, representing the type of children the young adult chooses. The

first order conditions are:

nip; = P(1 - 5)#6175‘/}/[11} —n¥a’ — pn;l%; (19)
C = Batey (20)

Equation (20) is the Euler equation. The rate of substitution between consumption
today and tomorrow depends on the time preference discount factor and the interest
rate tomorrow. Since there is a life annuity, it does not depend on 7¥.

Equation (19) implies that given the type of his children j, a young adult will
choose his fertility until the marginal utility of a child equals the marginal cost.?
Fertility n; is increasing in children’s utility V, in the survival rate for children 7,
and in the altruism coefficient ; but it is decreasing in longevity (7¥). There is
an income effect: fertility increases as the wage rate increases. Thus children are
normal goods in this model. On the other hand, since the total cost of a child is
an increasing function of the wage rate, the fertility rate is decreasing in the total
cost of a child. Work is then substituted for raising children. When the substitution
effect is larger than the income effect, fertility declines.

In the case of A\;s =1 and 0 < A\, < 1, the evolution of population is rewritten

as:
NY = 7nesNY + nushus NY]; (22)
NY = 7Nuu(l = Aus) NY; (23)
NY = a¥NY. (24)

26The marginal cost of one child is the marginal disutility of consumption.

[w—mYa" —pjn;]"p; = Y(1 — 5)#6175%’n;€
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The supply of labor and physical capital are given by:

Ly = [1—=(¢+ ¢s)nss] NY — ¢snusAus N (25)
K' = 7%d ssNY + ' usAus NY + @ (1 — M) NY). (27)

3 Calibration

Our model is a general model that could, in principle, be applied to every country.
However, the Asian Tiger economies provide a natural application, because they
are prime examples of economies which underwent rapid demographic change and
economic growth at the same time. Due to the availability and completeness of
the data, we calibrate our model to the data from Taiwan. However, this paper
is not studying a special experience of Taiwan. Instead, Taiwan’s experience can
be generalized to other developing countries which are currently undergoing similar
demographic changes or have experienced significant demographic changes in the
past decades.

The first part of this section provides information on the demographic experience
of Taiwan. The second part discusses the parameters and the algorithm for the

calibration. Finally the calibrated results are discussed.

3.1 Taiwan’s Experience

There exist three distinct channels through which demographic transition can affect
economic growth. Consider Taiwan during the period 1951-2006. Figure 3 displays
the growth of GDP per capita and the three channels. The upper-left figure is the
growth of GDP per capita. Taiwan experienced rapid growth during this period. The

upper-right figure shows the fraction of the working-age population as a percentage of
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the total population. As demographic transition occurs, the fraction of the working-
age population increased from 0.55 to 0.72 in 56 years. The lower-left figure shows
the ratio of gross savings to GDP. The saving ratio started at 9 percent, increased to
its peak (about 30 percent) in the late 1980s, and then declined to 25 percent. The
lower-right figure is the fraction of skilled employees to total employees. Data was
only available for the years 1978-2006. The fraction of skilled employees increased
dramatically from 8.5 percent in 1978 to 36.7 percent in 2006.

Figure 3 shows a strong positive relationship between GDP growth and the
three channels, especially before 1990. This clear relationship motivates us to choose
Taiwan as an example to explore the impact of demographic transitions on economic

growth.

3.2 Parameters

Table 1 summarizes the parameters in each steady state. Eight parameters differ
across the steady states, while the others remain unchanged. The first two parame-
ters are survival rates for children and for young adults. Survival rates are higher in
2004 because of improvements in sanitation, cleaner drinking water, and the devel-
opment of antibiotics and medical science. The increase in TFP reflects a neutral
technological progress. Labor income share (to total income) can be broken down
into two components: the skilled labor income share of total labor income and the
unskilled labor income share of total labor income. We assume the labor income
share of total income is unchanged. However, the shares of skilled labor income
and unskilled labor income are different in the two steady states because they are
determined by the skill premium and the ratio of skilled labor to unskilled labor. In
addition, factor weights, p and 6, of the production function are different between
the two steady states since they are determined by the unskilled labor income share

and the physical capital income share. Finally, we also believe that time costs and
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education costs both increased in 2004. Bar and Leukhina (2010) summarize the
possible reasons for the rise in time costs as discussed in the literature for the rise in
time costs. For example, children contribute less to home production when the econ-
omy industrializes, and the government introduces child labor laws and education
reforms. Mauldin, Mimura, and Lino (2001) empirically show that parents’ after-tax
income is positively related to expenditures on children’s education. Furthermore,
the skill premium grows over time, implying that skilled workers’ time becomes more
valuable relative to that of unskilled workers. Since only skilled young adults can
provide education in our model, the education cost rises in the second steady state.
In Greenwood and Seshadri (2002), parents decide to spend more time on education
in response to technological change. Thus increases in time costs and education
costs are required to target fertility and the fraction of skilled labor in 2004. The
details are discussed below.

We assume that the time period in this economy is twenty-five years. Taiwanese
annual data from 1956 to 2004 are thus used to construct a twenty-five year survival
rate. The mortality rate is calculated by the number of deaths in one generation
divided by the population in that generation. However, the number of deaths is
reported in three age groups: 0-14 years old, 15-64 years old, and 65 years old or
above. We assume that different ages in the same age group are subject to the same
survival rate. For example, suppose the survival rate for 0-14 years old in the data

is m,, and the survival rate for 15-64 years old is 7,. Then we construct the survival

1 10 25

rate for children as 7 = 7,°m,!1°, and the young adult survival rate is 7¥ = m,
Figure 4 shows the constructed sequences for both survival rates. Both survival rates
increased before 1970 and then become much flatter. During the period 1956-1970,
the survival rate for children rapidly increased from 84 percent to 93 percent while
the survival rate for young adults only increased by about 5 percent. After 2000,
the survival rate for children remained around 96 percent and the survival rate for

young adults was about 93 percent. In the calibration, we choose the 15th point
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(¢ =0.9305 and ¥ = 0.9090) to be the survival rates in the first steady state and
the last point (7¢ = 0.9666 and 7Y = 0.9351) as the survival rates in the second
steady state.

Preference parameters for the first steady state are chosen as follows. From
1982 to 2007, the annual stock market return was about 10 percent in Taiwan.?”
Thus, we choose the annual discount factor to be 0.93. Deaton and Paxson (1997)
estimate consumption by age in Taiwan. Relative to consumption at the age of
25, consumption increases as age increases. At its peak, relative consumption is
about 1.5 (in logarithm scale).?® Lee, Mason, and Miller (2000) confirm this result.
However, there are only two points in our model: young adults and old adults. We
choose ¢ to match consumption at the peak relative to middle age.? Thus, o is
equal to 0.5. We choose the elasticity of altruism with respect to the number of
children € to be 0.5. This number is chosen so that about 5 percent of children
have parents educated at or above the college level in 1975.3° The final preference
parameter is the altruism coefficient 1. We choose it to equal 0.238 so that we can
match the fertility rate of 3.365 in 1972. In the second steady state, we assume the
preference does not change. Thus we apply the same preference parameters for the
second steady state.

Following the suggestion by Hulten and Wykoff (1981), the annual depreciation

27 Annual TAIEX is used to calculate the stock market return. The 25-year accumulated return

is computed. The annual stock market return is around 10 percent.
Z8Deaton and Paxson (1997) estimate that consumption at the peak relative to the age of 25,

log( Cpeak ), is about 1.5. The peak occurs around the age of 55-60. They also discuss high

Cage2s
consumption at the oldest ages in Taiwan.
29The middle age is about 40. We choose ¢ to match relative consumption which is roughly

equal to one.
30In 1975, about 3 percent of infants were born from mothers who attained at least a college

education; 7 percent of infants were from fathers who were college educated or above. Here, we
use the average since we do not have sex distinction in our model. Data source: Macroeconomics

Database, DGBAS, Executive Yuan, Taiwan.
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rate d, of 9.05 percent is employed in Thangavelu and Heng (2004). Thus, we use
this annual depreciation rate in our calibration.3! Then the depreciation rate for 25
years is computed by § = 1 — (1 — §,)?. TFP in the first steady state is equal to
one. TFP in the second steady state is chosen to be 1.628 in order to match the
annual growth rate of per capita GDP during the period 1970-2004, which was 8.5
percent.>?

In addition to the depreciation rate and TFP, we need to pin down four param-
eters (o, p, i1, and ) in the production sector. Krusell et. al. (2000) estimates that
the elasticity of substitution between unskilled labor and physical capital is about
1.67.3% They also estimate the elasticity of substitution between skilled labor and
physical capital to be about 0.67. Therefore, we choose a to be 0.401 and p to be
—0.493.

We use physical capital income share and unskilled labor income share (the ratio
of unskilled labor income to total labor income) to pin down the factor weights p and

6 in the production function. Young (1995) and Young (2003) estimate the total

31Following Hulten and Wykoff (1981), Sun (2004) employs a depreciation rate of 9.25 percent
for Taiwan’s manufacturing sector. However, this is an average depreciation rate based on fewer

industries. Thus we use the depreciation rate in Thangavelu and Heng (2004).
32We use 35 years to discount the growth rate of GDP per capita from the first steady state to

the second steady state. The annual GDP per capita growth rate of 8.5% is computed as follows.
First, GDP per capita of 2004 relative to GDP per capita of 1970, 1971, 1972...., 1978 is computed,
respectively. GDP per capita is measured by local currency. Second, we average the above relative
GDP per capita. This average is used to represent the growth of GDP per capita from 1970 to
2004. Third, 35 years is used to discount the growth rate. If only GDP per capita of 1970 is
applied, the annual growth rate of GDP per capita during the period 1970-2004 is 10.32%. In
comparison, the average growth rate of GDP per capita from 1970 to 2004 (compute the growth
rate for every year and then take the average) is 7.65%. In our experiment, TFP grows from 1 to

1.628, which implies the annual TFP growth is about 1.4 percent.
33 Johnson (1997) reports the elasticity of substitution between L, and L, is about 1.5, which is

close to Krusell et. al. (2000).
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labor income share in Taiwan to be 0.67. Therefore, we set the physical capital
income share to be 0.33. The unskilled labor income share is calculated by the

following formula:

Wy Ly B 1
wels +wyLy Lol g 1’

where [, is the ratio of skilled workers to total workers and [, is the ratio of unskilled
workers to total workers. A skilled worker in this paper is defined as a worker who
has a college degree or above. In 1978, the fraction of skilled workers was about
8.51 percent, and the skill premium was 1.761. Thus, the ratio of unskilled labor
income to total labor income for the first calibration is 0.8594. This implies the
unskilled labor income share of output is 0.5758 and skilled labor income share of
output is 0.0942. In 2004, the skill premium was about 2.199, and the fraction of
skilled workers was 32.9 percent. Therefore, the ratio of unskilled labor income to
total labor income for the second calibration is 0.4914. In this case, the unskilled
labor income share of output is 0.3292 and skilled labor income share of output is
0.3408. Finally, ¢ and 6 are determined by the physical capital income share and

the unskilled labor income share:

K(r+06) _ (1= pm)(0k +(1—0)12)5 "0k
Y s+ (- )0k + (1 0)IE)
Wy Ly _ 1
w,Ly+w,Ly — ZE(ke 1 (1 - 0)i8)5 (1 - )i, + 1

Solving the above equations in a steady state, we obtain p as 0.1755 and 6 as 0.3281
for the first steady state; p is 0.2025 and € is 0.1963 for the second steady state.
The details of this are discussed in the algorithm subsection.

There are three costs associated with children: the good cost p, the time cost ¢,
and the education time cost ¢;. We set p to be 0. During the period 1989-1998, Liu
and Hsu (2004) estimate that parents needed an extra 28.2 percent of their original
income after the first child was born in order to maintain the same quality of life.

The second child accounted for an extra 24.8 percent of their income. The marginal
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cost of the third child was 22.4 percent. The fourth child was an extra 20.8 percent.
Thus, the more children parents have, the lower the marginal cost of a child. To
pin down the time cost in the first steady state, we average the marginal cost of the
first four children. Thus, it costs an extra 24.05 percent of parents’ income to raise
a child. This implies that the time cost is about 0.11. We apply 0.1102 in the first
steady state.>® The fertility rate is 1.18 in 2004. Considering the economic scale
of raising children, we use the marginal cost of the first child to pin down the time
cost. Thus a family needs an extra 28.2 percent of its income to raise a child. The
time cost is equal to 0.175. We employ 0.1775 for the second steady state.

The number of teachers per student in public schools is used to determine the
education time cost. In 1972, one student had 0.03 teachers. Thus, an education
time cost of 0.0297 is used. A public school student had about 0.07 teachers in 2004.
We employ the education time cost of 0.073 in the second steady state.

3.3 Algorithm for Solving Steady States

The two steady states are solved independently. The first steady state is solved using
the parameters reported in Table 1. Then we change the parameters and repeat the
procedure to solve the second steady state.

The population of young adults in 1972 is the initial population. Originally, the
population was classified into three age groups: younger than 15, between the ages

of 15-64, and older than 65. To match the time periods in the model, we adjust

34The marginal cost of raising a child is an extra 24.05 percent of parents’ income. For example,
in a family with an income of 50,000 dollars, the extra cost is equal to 12,025 dollars. In other
words, this family needs an extra 12,025 dollars to maintain the same quality of life. Thus, 12,025
dollars is 19.39 percent of 62,025 dollars. Then we obtain the time cost by solving the following
equation:

ow; = 0.1939(1 — ¢n)w;.

Applying n = 3.365 to the above equation, we have ¢ = 0.11.
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these categories to be younger than 24, between the ages of 25-49, and older than
50. The initial ratios of skilled workers for the first and the second calibrations are
8.5 percent and 32.9 percent, respectively. The population of skilled workers and
unskilled workers are then normalized by the population of young adults. The initial
physical capital per young adult is 0.0011, such that the annual capital-output ratio
is equal to 0.83 in 1970. It is equal to 0.0091, so that the annual capital-output ratio
is 1.55 in 2004.

We initially guess A, ws, and w,. Then we solve the partial equilibrium. The
first-order condition (19) implies that the fertility rate is a function of lifetime utility
and wage rates. Furthermore, lifetime utility can be rewritten as a function of the
fertility rate and wage rates.>® Using the initial guess for wage rates, we can solve
the fertility rate for each type: ngs, Ny, and ny,.

Once we have fertility, we solve the fraction of skilled workers and the fraction
of unskilled workers using labor supply (25) and (26). Physical capital per labor is
calculated. Then the physical capital income share and the unskilled labor income
share are solved together to pin down the production weights p and 6.

Now we can solve for new wage rates and the interest rate by marginal prod-
uct. Furthermore, we can determine asset holdings for each type using the budget
constraint and the Euler equation. The lifetime utility for each type is calculated.

Finally, we update w, and w, using a linear combination of the initial wage rates
and the new wage rates. A\, is updated by the following equation:

V v
Mus = Aus us . 28
(Vuu) (28)

where v is the update speed. Since A\, is the fraction of unskilled parents having

skilled children, in equilibrium the lifetime utility of having unskilled children should

35For example, the lifetime utility for skilled parents having skilled children is given by:

1 1

Vs =
1—9Y(rng)l=c1 -0

(cly 7 + Brve ;[7),

where consumption is determined by the budget constraint.
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be equal to the lifetime utility of having skilled children. If the lifetime utility of
having skilled children is higher, Vs > V.., unskilled parents prefer to educate their
children, so A, has to increase. On the other hand, unskilled parents want to have
unskilled children if V,,; < V,,,. In this case, A\, has to decrease.

For the next iteration, the population of skilled young adults and the population
of unskilled young adults are updated using the population evolution equations.
Aggregate physical capital is updated by (27).

The convergence procedure stops if two criteria are satisfied at the same time:
(i) The initial wage rates and new wage rates are very close. (ii) V,s and V,,, are
close to each other. After the convergence, we compute output per capita for this

steady state. Then, we repeat the above process to solve for the second steady state.

3.4 Steady State Properties of the Model

The calibrated results are reported in Table 2. Young adults would like to have more
children if the survival rate for children increases, regardless of the type of young
adults. However, people become longevity and the cost of children in the second
steady state rises. Thus, the fertility rate declines. The fertility rate of skilled
parents decreases by around 68 percent, the fertility rate of unskilled parents with
skilled children declines by 68 percent, and the fertility rate of unskilled parents
with unskilled children falls by 61 percent.

The ratio of skilled workers to total workers increases to 32.9 percent in the
second steady state. Three channels drive this result. The first is human-capital
accumulation. The skill premium provides an incentive for parents to send their
children to school. Thus, in the second steady state, more parents educate their
children. Second, although the time cost goes up, the total time that a young
adult spends on his children declines. For example, a skilled young adult spends 30

percent of his time on his children at the first steady state, while a skilled young
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adult spends only 15 percent of his time raising his children at the second steady
state.?¢ Thus, skilled young adults spend more time working and teaching. Third,
the ratio of teachers to skilled labor declines from 18 percent to 12 percent.?” Due to
lower fertility rates, the demand for teachers decreases. More skilled young adults
work in the production sector. Thus, there is more skilled labor in the second steady

state and the fraction of skilled workers goes up.

4 Experiments

This section provides several counterfactual experiments. In each case, we solve a
transition path from one steady state to another. Specifically, each transition path
starts with the first steady state, which is reported in the last section. Permanent
shocks take place at period four.?® After shocks, a transition path converges to a
new steady state.

The algorithm for a transition path is slightly different from Section 3.3. Given
the initial steady state, we first compute the state variables {K, N¥, N¥} for the
second period. All state variables are normalized by the population of young adults.
To solve a transition path, we initially guess a sequence of {wsg, wy, T, Aus, Vss, Viu }
for each period. In our model, the interest rate tomorrow and children’s utility are

foreseeable to a young adult. Thus, we also need to guess r, Vi, V,,,, for period t+1 in

36By assumption, each young adult has one unit of time. A young skilled adult spends ¢ns of
his time on raising children. ¢ngs is equal to 0.3 at the first steady state and is about 0.15 at the

second steady state.
3"The fraction of teachers as a percentage of available skilled labor is computed by

Ps (nssNg'i'nus Aus N}i)
(1—(1)77,33)]\/'5? !
38In the model, parents have full information. Therefore, parents will adjust their decisions a

few periods earlier. To observe the early changes, the permanent shocks are imposed at period
four rather than period one. Period four is arbitrary. It is not interpreted as the shocks take place

after 100 years.
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order to solve the last period. Then, for each period, we solve the partial equilibrium,
compute the ratio of skilled workers to total workers and physical capital per worker,
calculate new wage rates and the new interest rate, and compute asset holdings and
consumption to obtain new lifetime utilities. At this point, we already have a new
sequence of these variables {wg, wy, 1, Vss, Vis, Vau }. We then construct tests to check
the distance between our initial guesses and the new values. The difference between
Vs and V,, is also tested for \,s. Finally, we update the sequence of each variable
using a linear combination of the original value and the new value. A, is updated
by (28). This procedure stops if the following criteria are satisfied at the same time:
(i) the original values of {ws, wy,r, Vs, Vi } are close to the new values; and (ii) Vs

and V,, are close to each other.

4.1 Contribution to Growth

During the period 1970-2004, Taiwan experienced not only demographic change but
also technological progress. This sub-section discusses their contributions to and
interactions with economic growth.

In the experiments, the following cases are considered: (1) TFP growth; (2) A
change in the factor weight u; (3) A change in the factor weight 6;3 (4) Changes in
the both factor weights (or skill-biased technological progress);* (5) Demographic
changes; (6) TFP growth and skill-biased technological progress; (7) Demographic
changes and TFP growth; (8) Demographic changes and skill-biased technological
progress; (9) Total changes (i.e., demographic changes, TFP growth, and changes

in factor weights).

39As discussed in Section 3.2, factor weights are jointly determined by the income share of
physical capital and the income share of unskilled labor. In cases (2) and (3), we change one factor
weight at a time. Thus, the income share of physical capital will change and may not be equal to

0.33. The income share of unskilled labor may also change.
40The case of changes in both factor weights is named “Tech” in all tables and figures.
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In each case, the corresponding parameter permanently changes from the first
steady state value to the second steady state value, as reported in Table 1. Other pa-
rameters remain unchanged. For example, TFP growth refers to the TFP increases
from 1 to 1.628 and other parameters stay at the first steady state.

Demographic changes include changes in four parameters: the survival rate for
children, the survival rate for young adults, the time cost, and the education time
cost. It is important to note that we include rising time costs and education costs
in demographic changes. Section 3.2 has discussed possible reasons for rising time
costs and education costs. Furthermore, Bar and Leukhina (2010) find that the
increasing cost of raising children helps to explain the decline in the general fertility
rate. Therefore, we group the rise of the two survival rates, the time cost, and the
education cost together in order to generate a decline in fertility.

Table 3 summarizes the results. The growth rates of output per capita (annual
growth rate) are reported in column 3.“' The overall annual growth rate of per
capita output is 8.5 percent (the last row). Thus, the contribution of each case
is reported as the percentage of the overall growth rate (column 4). For example,
demographic changes account for 3.2 percent of annual growth rate of per capita out-
put. Therefore, demographic changes have contributed about 38 percent (3.25/8.50)
of the overall growth rate in Taiwan during the past four decades. Figure 5 provides
the transition path of per capita output that is affected by demographic changes.

Table 3 shows that TFP growth explains about 28 percent of simulated output

growth. Skill-biased technological progress explains another 29 percent. The con-

41Tn the experiment, it takes 7 periods (175 years) to converge to the second steady state. If we
use 175 years to convert the growth rate of per capita output to an annual basis, the annual growth
rate due to demographic change is 0.64 percent. Since the overall growth rate of per capita GDP
(8.5% per year) is computed from 1970 to 2004, to be comparable, one period is equal to five years
when we convert the growth rate of per capita output into an annual basis. The inconsistency is

a common problem in OLG models.
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tribution of demographic changes is about 38 percent. The remaining 5 percent is
due to their interactions.

Summarizing the above experiments, this paper concludes that the late demo-
graphic change has contributed more than one-third of the growth rate observed
in Taiwan during the period 1970-2004, while the standard catching-up argument
(TFP growth) explains another third, the remaining growth can be attributed to
skill-biased technological progress.

The contribution of demographic change to growth is certainly significant but we
may still under-estimate the impact of demographic change. First, the demographic
dividends of Taiwan started in the 1950s but our transition path starts at 1970 be-
cause of data availability. We ignore the first twenty years, which were characterized
by a rapid decline in fertility. Second, instead of efficiency units of labor, we use
the number of workers as inputs. It is believed that during the period 1970-2004,

workers’ health improved remarkably due to health policies and medical advances.

4.2 Interactions between Technological and Demographic
Changes

Table 3 shows that the interaction between technological and demographic changes
can explain about 5 percent of the overall growth: 3 percent can be explained
by the interaction between TFP growth and demographic changes; more than 1
percent is related to TFP growth and skill-biased technological progress; and less
than 1 percent is due to the joint effects of skill-biased technological progress and
demographic changes.

To further explore the interactions, we calculate the percentage changes of the
labor-population ratio (%), physical capital per labor (k), and the ratio of skilled
labor (I,) that are affected by the interactions. For example, the percentage change

of the labor-population ratio due to the interaction between skill-biased technological
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progress and demographic changes are computed as follows. First, transition paths
for changes in factor weights and for demographic changes are calculated separately.
Second, the two individual changes occur together to obtain a joint transition path.

Third, the percentage change (A%) is calculated by:

L L L
A L o N joint,ss2 1 N Tech,ss2 1 N Dem,ss2 1
-\ I T )
N N ssl N ssl N ssl

where %j is the labor-population ratio caused by the joint effect in the period in

oint,ss2
which the transition converges to; %881 is the labor-population ratio at the beginning,
which refers to the first steady state reported in the last section. “Tech” refers to
the skill-biased technological progress. “Dem” is the demographic changes.

Figures 6-8 show the transition paths of interactions. All transition paths are
plotted on a logarithmic scale. Table 4 summarizes their magnitudes. Percentage
changes due to interactions are reported in Part A. For example, the interaction
between skill-biased technological progress and demographic changes results in an
increase in the labor-population ratio by about 5 percent, physical capital per labor
by 177 percent, and the ratio of skilled labor by 20 percent over the past four decades.

Greenwood and Seshadri (2002) show that technological change increases the
marginal costs of raising children, reduces fertility rates, and gives rise to human-
capital accumulation. Similar results are observed in Column 3 of Table 4. Besides,
our results also support the argument in Galor (2005a) that technological progress
raises the demand for skilled labor and therefore motivates parents to substitute
quality for quantity of children. Ultimately, fertility declines and the quality of the
population is improved.*?

In Part B, the percentage changes are converted into the percentage contribution
of total changes. We find that the three interactions (not the synergy effects) explain

almost 50 percent of the physical-capital accumulation; more than one-fourth of

42 Also see Galor and Weil (1999); Galor and Weil (2000); and Galor (2005b) for the connection

between technological change, demographic transition, and human capital accumulation.
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the human-capital accumulation; and about 7 percent of the increase in the labor-
population ratio.

Among the three interactions, the interaction between skill-biased technological
progress and demographic change causes a higher rise to the labor-population ratio.
One possible cause of this is the decline in the gender wage gap suggested by Galor
and Weil (1996) and Lagerlof (2003): Capital-skill complementarity reduces the
gender wage gap (because capital is more complement to women’s labor than to
men’s), and therefore leads to a lower fertility rate and higher women’s labor force
participation rate.

In 1980 of Taiwan, women’s wages were about 64 percent of men’s. The gender
wage gap was stable during the early 1980s and then started to decline. In 2008,

43 At the same period of time,

women’s wages rose to about 80 percent of men’s.
women’s labor force participation rate increased from 39 percent in 1980 to 50
percent in 2008. Thus, the decline in the gender wage gap lowers fertility, gives a
rise in women’s labor force participation, and therefore increases the fraction of the
labor force as a percentage of the total population.

There is no gender distinction in our model, therefore it is not easy to directly
measure the effects of the gender wage gap on fertility. However, higher women’s
wages provide economic incentives for women to work, resulting in an increase in the
cost of raising children. In our numerical analysis, the effects of the gender wage gap
would be reflected in the increase in the time cost of raising children (from 0.1102

to 0.1775 in Table 1). A more complicated model is required if we want to separate

the effects of gender the wage gap from the overall effects.

43The wages refers to the average monthly earnings (on payrolls) of employees who work in
industry and services. The average monthly earnings include regular wages (salary and fixed
monthly subsides and bonuses) and other non-regular wages (for example, monthly bonuses, holiday
and performance bonuses, employee bonuses, travel expenses, meal allowances, and wage increment

reimbursements).
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4.3 Decomposition into Three Channels

Equation (5) shows that demographic changes affect output per capita through three
channels: the labor-population ratio (%), physical capital (k), and human capital
(Is). Define output per worker as y = F(k,ls,1 — ls). The impact of demographic
changes through each channel is measured as follows:

Channel of the fraction of working-age population (and the corresponding de-

pendency ratio):
Ype,2 _ (%)2 Fl(klu ls,lu 1— ls,l) .
Ype,1 (%)1 Fl(]fl, ls1,1— ls,1>’

Channel of physical-capital accumulation:

)1 Fi(ka,ls1,1—11)
1 Fi(k,lsq, 1 —11)]

ypc,Z o (

ypc,l (

] i

Channel of human-capital accumulation:

1 Fi(ky, Lo, 1= L)
)1 Fl(kh ls,17 1-— ls,l)’

ypc,Z o (

Ype,1 (

2| =t

where x5 refers to variable x in the steady state that the transition path converges to.
x1 denotes variable x in the steady state that the transition path starts from. Fj(.)
is the production technology at the first steady state. To explore the importance
of each channel, for example, the first channel, GDP per capita is calculated using
the labor-population ratio in the second steady state, while other variables and
production technology are taken from the first steady state.

Table 5 summarizes the effects of demographic change through each channel in
terms of annual growth rate of output per capita. Overall, the dependency ratio is
the most important channel through which demographic changes influence economic

growth. The ratio of labor force to total population increases from 0.099 to 0.222.44

44The ratio of labor force to total population is computed by the following equation:

£ _ [1 - (d) + (bs)nss]%_sz - Qbsnus)\usx_g + (1 - anus)Aus%_z + (1 - (bnuu)(l - )\us)%_g
N N '

NvY
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Thus, the decline in the dependency ratio generates about 2.32 percent per year of
per capita output growth. This contribution accounts for about 72 percent of total
growth resulted from demographic change. Besides, the contribution of human-
capital accumulation is small. The increase in human capital (from 0.085 to 0.115)
generates only a 0.02 percent growth per year.

If we take joint effects into account, our conclusion will be different. Table 6
reports annual per capita output growth generated by demographic change and
technological progress through the three channels. In general, the accumulation of
physical capital becomes the most important channel. In addition, compared to
the pure effects of demographic change, the channel of human-capital accumulation
becomes more important when demographic change and technological progress occur
at the same time. For example, the second column is the decomposition caused by
the joint effect of demographic change and skill-biased technological progress. In
this case, the effects of a decline in fertility through human-capital accumulation
generate 1.4 percent per year of per capita output growth, whereas the channel
of human-capital accumulation in Table 5 only accounts for 0.02 percent per year.
The intuition is easy. When an economy has a labor-intensive technology, such as in
an agricultural society, a lower dependency ratio (the relative quantity of workers)
can generate a higher GDP per capita. However, when the production technology
becomes more skill-intensive, such as in an industrial society, the quality of workers
becomes relatively more important.

There are three points we should keep in mind here. First, the annual GDP
growth rates in Table 5 come from demographic changes only while the annual
GDP growth rates reported in Table 6 are caused by joint effects (not interactions).
Thus Table 6 shows the synergy effects. Furthermore, the second row of Table 6,
the impact of the dependency ratio on GDP growth, is calculated by changes in the

N’!I

In the first steady state, x—z is 0.079; % is 0.921; Ay, is 0.043; and NWy is 0.189. In the second

steady state, they are equal to 0.112, 0.888, 0.094, and 0.314, respectively.
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growth due to technological progress, not directly due to a change in the dependency

instead of E This is because the second part is the
ratio. Third, adding up the decomposition of the annual growth rate in Table 5 (also
Table 6) is not necessarily equal to the annual growth rate reported in Table 3. Due

to the method of decomposition, they are not orthogonal.

5 Discussion

5.1 Land Reform in Taiwan

Galor, Moav, and Vollrath (2009) argue that land reforms reduce a landlord’s eco-
nomic incentive to block education reforms, leading to an increase in education.
Therefore, land reforms may have played an important role in the growth process in
Taiwan. This possibility does not contradict the mechanisms in our model; rather,
it provides a possible ultimate cause behind some of the economic changes cap-
tured through parameter shifts in our analysis (such as the increasing skill bias of
technology).

In the case of Taiwan, major land reforms were implemented during the period
1949-1953. These included farmland rent reduction, sale of public land to tenants,
and the land-to-the-tiller program (to help tenants acquire landownership and to
enforce landlords to convert landholding into industrial stocks).

For farmers who had been tenants, the reforms increased their income.*> There-
fore, children’s education investments became affordable, leading to an increase
in the accumulation of human capital and an increase in the supply of educated
labor. In addition, the land reforms in Taiwan were accompanied by educational re-
forms (the implementation of Nine-Year Universal Compulsory Education), leading

to further human-capital accumulation. Therefore, the land reforms and education

45See Table 13 and 14 in Koo (1968).
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reforms combined resulted in an increase in the supply of skilled labor.

One important question is whether land reforms could be considered the sole
cause of increased human capital accumulation. If land reforms alone brought about
human-capital formation without accompanying technological change, a decline in
the skill premium would be observed. Unfortunately, the data of wage rate by
education for the period of 1950-1970 are unavailable. As shown in Table 2, the
skill premium increased from 1.76 in 1970 to 2.20 in 2004. One possible explanation
for this is the content of the land-to-the-tiller program. For the land sold under
the program, the landlords were compensated 70 percent in food bond (rice bonds
and sweet potato bonds) and 30 percent in government enterprise stocks.’® Thus,
the financial resources of the landlords were transferred from the land to industrial
enterprises. Besides, holding farmland no longer profitable after the rent reduction.
On the other hand, the government of Taiwan introduced industrial policies in order
to develop industrial sectors. For example, the policy of Import Substitution in
the 1950s; the policy of Export Orientation and the establishment of the Export
Processing Zone in the 1960s. These policies provided the economic incentive for
landlords to transfer their financial resources to industrial enterprises. Therefore,
physical capital was accumulated and the demand for skilled labor increased. The
labor force moved from agricultural to industrial sectors.

The land reforms and industrial policies of Taiwan influenced both the demand
and supply of educated labor in the 1950s and the 1960s. Thus, land reforms
may help explain a part of the subsequent human-capital accumulation and growth
process in Taiwan. Besides, the development of the high-tech industry in the early

1980s would further increase the demand for skilled labor, leading further human-

46The government enterprise stocks included the stocks in the Taiwan Cement Corporation,
the Taiwan Paper and Pulp Corporation, the Taiwan Agricultural and Forestry Development

Corporation, and the Taiwan Industrial and Mining Corporation.
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capital formation.*

5.2 Capital-skill Complementarity

This paper employs a CES production function with capital-skill complementarity.
Fernandez-Villaverde (2001) suggests that more productive capital raises the skill
premium when physical capital and skilled labor are more complementary than
physical capital and unskilled labor. The increase in the skill premium motivates
parents to substitute quality for quantity of children which leads to a decline in
fertility.

The empirical literature finds evidence to support the capital-skill complemen-
tarity hypothesis, such as Griliches (1969); Fallon and Layard (1975); Hamermesh
(1993); Goldin and Katz (1998); Duffy, Papageorgiou, Perez-Sebastian (2004); and
Yasar and Paul (2008). In particular, Papageorgiou and Chmelarova (2005) find
strong evidence in the case non-OECD countries.

To test if our results are sensitive to the assumption of capital-skill comple-
mentarity, we use a Cobb-Douglas production function and repeat the numerical
experiments. As reported in Section 3.2, the income shares are 0.33, 0.0942, and
0.5758 at the first steady state; and 0.33, 0.3408, and 0.3292 at the second steady
state for physical capital, skilled labor, and unskilled labor, respectively. We apply
the same income shares in the calibration with a Cobb-Douglas production func-
tion. TFP at the second steady state increases to 3.85 in order to match the annual
growth rate of per capita output at 8.5%. Other parameters remain unchanged.

The results are in general, similar to our findings with capital-skill complemen-
tarity. With a Cobb-Douglas production function, demographic transition alone
generates a growth rate of output of about 2.96% per year. Therefore, the con-

tribution of demographic transition is about 35% of the simulated output growth

4"Hsinchu Science Park was established in 1980.
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(2.96/8.50), meaning that more than one-third of the total growth can be attributed
to demographic transition. In addition, when the effects of demographic transition
are decomposed into the three channels, changes in the dependency ratio remain
the most important channel, which generates an annual growth rate of 2.27%. The
accumulation of physical capital and human capital generate 0.70% and -0.04%, re-
spectively. Thus, while capital-skill complementarity improves the fit of the model
and allows for greater interaction between factor accumulation and the return to hu-
man capital, our main finding remains unchanged with a Cobb-Douglas production

function.

5.3 Steady-state Assumption

The experiments in this paper begin at 1970 due to data availability. We assume that
1970 is a steady state. All transition paths start with this steady state. However,
the demographic change in Taiwan actually began earlier than 1970. The fertility
rate in 1951 was about 7 children per woman. It decreased to 5.6 in 1961 and fell
further to a rate of 3.7 in 1971. Therefore, the decade of the 1970s was in the midst
of the demographic change and was not a relatively stable period of time.

To test whether the steady-state assumption has a major impact on our findings,
the initial state variables (£ and %Z
those in 1970, such as 70 percent or 50 percent of 1970. The modified state variables

) are artificially modified as a percentage of

indicate that Taiwan in 1970 was not yet in a steady state, but was on a transition
path from an initial stage with relatively few skilled workers and little physical
capital. Using the modified initial state variables as the primary condition, a new
transition path is calculated.*® The results are compared to the case with 100 percent
of the state variables in 1970 (called the primary case below).

Table 7 reports the results. In the primary case, the demographic effect is 2.6

48The demographic change then occurs in the second period of the new transition path.
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percent per year. If both state variables are 90 percent of those in 1970, the demo-
graphic effect increases slightly to 2.7 percent per year. When they are 70 percent
of those in 1970, the demographic effect becomes 3 percent per year. In conclusion,
the demographic effect increases as the state variables become smaller. The demo-
graphic effect is about 3.8 percent per year if the initial state variables are only
50 percent of those in 1970. In this case, the demographic change accounts for 40
percent (3.8/9.2) of the total growth rate of per capita output. We also estimate
the demographic change by changing one state variable at a time. The results are
similar.

The results show that the assumption of a steady state in 1970 does not have
a significant influence on the main conclusions. In addition, the demographic effect
is larger and is more important if the initial condition is smaller. This finding is in
line with our discussion that the demographic effect could be even larger if we were

able to extend our analysis back to the 1950s.

6 Conclusions

As a supplement to the existing literature on growth in the Asian Tiger economies,
this paper attempts to quantify the contribution of various sources to growth. In
particular, we shed light on the role of demographic transition. The results suggest
that more than one-third of the growth in Taiwan during the period 1970-2004 is
due to demographic change. During the same period of time, the percentage decline
in fertility was similar in the other Asian Tiger economies: the fertility rate declined
by 72 percent in Taiwan; by 73 percent in Hong Kong; by 76 percent in Korea; and
by 60 percent in Singapore. Therefore, our results are not intended to emphasize
the case of Taiwan, but rather to act as a general mechanism applicable to countries
that experience rapid decline in fertility and a fast growth at the same time.

It is important to note that we do not conclude that the effect of demographic
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change is about 3 percent per year in every country which is enjoying demographic
dividends. The contribution of demographic transition heavily depends on a coun-
try’s health policies, education policies, family planning policies, and economic poli-
cies. Different policy environments will influence the impact of demographic changes.
In future studies, it would be interesting to quantify the effect of demographic tran-

sitions in countries with very different population policies, such as China.

Appendix A: Proof for Corner Solutions

To simplify the notation, we ignore the subscript of the adult’s type, 7. At the first
stage, the optimal total expenditure of children is determined. Given this F and

the adult’s type, the following maximization problem is considered:

max { <’ + Bn? e +yn¢ E'E (i + 1= f)_€ (st + (1- f)Vu) } )

0<f<1 1—0 1—0 Ds Pu Ds Du

where ¢ = w — w%a’ — E. By assumption, §, n¢, 7¥, and o are between zero and
one; 0 <e<1;v>0;ps >p, >0; Vg >0; and V,, > 0. We want to show that
there is no interior solution, that is, the optimal f to satisfy the above maximization
problem is either zero or one.

The first derivatives of U with respect to f is:

U epie {<_€> (i 1o f)—e—l (i _ i) (st L= f)vu)

8—f Ds Pu DPs  DPu Ds Pu
11— - V:s Vu
)
Ds Pu Ds yzn

The terms outside the bracket are positive. The first term in the brackets is also

positive. If the last term is & > Z—Z, the first-order condition cannot be satisfied,
and then there is no interior solution. For an interior solution to be possible, it has
to be the case that % < X—Z. Thus, in the following discussion, we focus on this case.

First, we set the first derivative to zero to solve the unique f. Then we plug this f
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into the second derivative to show that the second-order condition for a maximum
can not be satisfied. Setting (29) to be zero, f is given by:
R -
= 1 T\(Ve _ Vuy
(1- 5)pu(p—s - p—u)(p—s pu)
The second derivatives of U with respect to f is:

82U _ cl—e l—¢ -f 1_f ! 1 1
e e ) B G 1

) G G 5) (-3 )
Ds Pu Ps  Pu Ds Pu Ds Pu

The whole term outside the brackets is negative. Therefore, the second derivative is

positive if the whole term in the brackets is negative. Plugging in f, the inequality

Vi Vi Vi Va Vi V
(I4e) | 2L- L)< ) 42—

becomes:

Ps  Pu Ps  Pu) DPs  DPu
After some algebra, this inequality yields V, < V. Thus, if V, < Vi, the second-

order condition for a maximum can not be satisfied. The interior solution does
not exist. On the other hand, if V,, > Vj, parents always would certainly prefer
unskilled children because they are cheaper. We conclude that there exists only
corner solutions. Parents have either skilled or unskilled children. They do not

want a mixture of children types.

Appendix B: Data Sources

Hong Kong

Data are from WDI, except the fraction of skilled labor. The fraction of skilled
labor is from Census and Statistics Department, the Government of the Hong Kong
Special Administrative Region. “Skilled labor” is defined as sixth form and post

secondary.
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Korea

Data are from WDI, except the fraction of skilled labor. Before 2000, the fraction
of skilled labor is from Lee (1997); after 2000 is from Korean Statistical Information
Service (KOSIS). “Skilled labor” is defined as college, university, and above.

Taiwan

GDP per capita, gross savings (as a percentage of GNP), GNP, average earnings
of employees on payrolls by gender, and women’s labor force participation rate are
from Macroeconomics Database, DGBAS, Executive Yuan. Fertility and population
age structure are from Statistics, Department of Household Registration, Ministry of
the Interior, Executive Yuan. The fraction of skilled labor is from Council of Labor
Affairs, Executive Yuan. “Skilled labor” is defined as college, university, and above.
The number of deaths is obtained from Health Statistics, Department of Health,
Executive Yuan. Annual TAIEX is obtained from Taiwan Stock Exchange Corp.
Wages by education in 1978 are from Report on the Survey of Personal Income
Distribution in Taiwan Area, Republic of China 1978, DGBAS. Wages by education
in 2004 are from The Survey of Family Income and Expenditure 2004, DGBAS. The
number of students per teacher is obtained from Department of Statistics, Ministry

of Education.

Singapore

All data are obtained from WDI, except for the items mentioned below. The data
source of gross savings as a percentage of GDP in 2005 is the Department of Statis-
tics, Singapore. The fraction of skilled labor in 1970 and 1980 are both from Bercu-
son and Carling (1995), other years are obtained from the Department of Statistics,
Singapore. In 1970, “skilled labor” is defined as university and above because of the

lack of available data; others are defined as post-secondary and above.
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Table 1: Parameters for Calibration

1970 2004
Parameter SS1 SS2
Survival rate for children ¢ 0.9305 0.9666
Survival rate for young adults ¥ 0.9090  0.9351
Time period 25 years 25 years
Annual discount factor 6, 0.93 0.93
Risk aversion o 05 0.5
Elasticity of altruism e 0.5 0.5
Altruism coefficient ¥ 0.238 0.238
Annual depreciation rate 6, 0.0905 0.0905
Elasticity of substitution (L, and K) = 1.67 1.67
Elasticity of substitution (L and K) 1%%) 0.67 0.67
Total factor productivity A 1 1.628
Physical capital income share 0.33 0.33
Unskilled labor income share 0.8594  0.4914
Factor weight (unskilled labor) w o 01755 0.2025
Factor weight (physical capital) 6 0.3281  0.1963
Education time cost os 0.0297 0.073
Time cost ¢ 0.1102 0.1775
Good cost p 0 0
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Table 2: Calibrated Results
1970 2004
Data SS1 Data SS2
Ngs 2.695 0.873
Nus 2.947 0.930
N 4.453 1.738
Average fertility 3.365 3.365 1.180 1.180
ls 0.085 0.085 0.329 0.329
Ws 1.761 1.759 2.199 2.113

Wy

Ype (annual growth)

8.50% 8.50%

Table 3: Contribution to Growth

Ype,SS1 Ype,S552 Ype % of total

Changes in parameters (annual growth)

TFP 0.0047 0.0108 2.41% 28.35
Factor weight p 0.0047 0.0060 0.70% 8.24
Factor weight 6 0.0047 0.0094 2.00% 23.53
Tech (p & 6) 0.0047 0.0109 2.43% 28.59
Dem 0.0047 0.0144 3.25% 38.24
TFP & Tech 0.0047 0.0259 5.00% 58.82
Dem & TFP 0.0047 0.0352 5.92% 69.65
Dem & Tech 0.0047 0.0332 5.74% 67.53
Dem & TFP & Tech (total) 0.0047 0.0780 8.50% 100

Note: “Tech” refers to skill-biased technological progress; “Dem” denotes demographic

changes.
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Table 4: Magnitude of Interaction

Tech & Dem TFP & Dem TFP & Tech Total Effects

A. Percentage changes due to interactions

A(L/N)  4.96% 3.52% 2.46% 152.32%
Ak 177.23% 217.01% 168.75% 1156.25%
Al 19.99% 18.93% 41.13% 286.25%

B. Percentage of total effects

A(L/N)  3.26% 2.31% 1.62% 100%
Ak 15.33% 18.77% 14.59% 100%
Al, 6.98% 6.61% 14.37% 100%

Note: “Tech” refers to skill-biased technological progress; “Dem” denotes demo-

graphic changes.

Table 5: Three Channels-Demographic Effects

GDP per capita

(annual growth)

Dependency ratio 2.32%
Physical capital 0.83%
Human capital 0.02%

Note: Due to the way we do the decompo-
sition, adding up the decomposition of the
annual growth rate is not necessarily equal
to 3.25 %.
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Table 6: Three Channels-Joint Effects

GDP per capita  Tech & Dem TFP & Dem Total Effects

(annual growth)

Dependency ratio 2.47% 2.41% 2.68%
Physical capital 2.55% 3.13% 4.53%
Human capital 1.42% 1.41% 2.77%

Note: “Tech” refers to skill-biased technological progress; “Dem” is demo-
graphic changes. Due to the way we do the decomposition, adding up the
decomposition of the annual growth rate is not necessarily equal to the

growth rates reported in Table 3.

Table 7: Sensitivity Tests

State Total  Demographic Contribution
Variable Growth Effects

~ and (8) (B) (B)/(A)
100% for both 8.42% 2.61% 31.0%
90% for both 8.55% 2.73% 31.9%
70% for both 8.86% 2.99% 33.8%
50% for both 9.24% 3.75% 40.6%
90% for K/NVY 8.53% 2.75% 32.2%
70% for K/NV 8.77% 3.02% 34.5%
50% for K/NVY 9.08% 3.70% 40.7%
90% for NY/NY  8.45% 2.59% 30.7%
70% for NY/NY  8.54% 2.90% 34.0%
50% for NY/NY  8.66% 2.96% 34.2%

Note: Column (A) and (B) are the growth rate of per capita

output per year.
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Log of GDP per capita
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Figure 1: Growth and Fertility in the East Asia Tigers
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Age 15-64 (% of total)

Saving (% of GDP)

Skilled labor (% of total)

Figure 2: Three Channels in the East Asia Tigers
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labor may not be comparable across countries because of different

education systems.
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Figure 3: Facts in Taiwan
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Survival Rate

Figure 4: Constructed Survival Rates in Taiwan
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Figure 5: Transition of Demographic Effects
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Figure 6: Total Changes
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Figure 8: Technological and Demographic Changes
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