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Abstract

The demographic dividend that contributed substantially to economic growth in
developing Asia in the past is dissipating. Population ageing affects growth
through savings, capital accumulation, labor force participation, and total fac-
tor productivity. We examined the impact of ageing on those 4 channels in 12
developing Asian economies that collectively make up the bulk of the region's
population and output. We then made projections about the effects of demo-
graphic change on the economic growth of the 12 from 2011 to 2020 and from
2021 to 2030. Our results indicate that there will be a sizable adverse econom-
ic impact where population ageing is more advanced.

Keywords: ageing, growth, labor force, total factor productivity, saving,
investment, Asia.

1. Introduction

Logically, demographic structure — the age structure of a country's population —
should affect that country's economic performance. A country with a youthful
population will be more productive than a country with an older one as it will
have a larger labor force relative to population size. More workers produce
more goods and services, so younger countries tend to grow faster economical-
ly than older countries. A general loss of economic dynamism explains why
advanced economies with maturing populations are concerned about population
ageing and also helps to explain why such economies have become more open
to immigration in recent years. The on-going shift of global economic power
from advanced economies to developing economies to some extent reflects the
demographic differences between the two.

Due to a wide range of economic and social factors, developing Asia has
begun to follow in the demographic footsteps of the advanced economies; the
demographic transition now underway in the region shares many of the same

1 This paper was published earlier as a chapter in Aging, Economic Growth, and Old-Age Security

in Asia, Park, D., Lee, S.-H., and Mason, A. (co-editors), Routledge, 2012.
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features. Rising living standards have led to mortality declines that in turn have
resulted in a fall in birth rates and a rise in life expectancy. Better healthcare
has been a key factor in both, and improvements in female education and the
greater participation of women in the labor force along with reduced reliance
on children for old-age support have also contributed to lower birth rates. In
short, developing Asia's population ageing follows the general historical pattern
of countries growing older as they get richer.

Developing Asia's seemingly inexhaustible supply of workers for export-
oriented industrialization catapulted the region from the periphery to the center
of the world economy, but the working-age population in the region is ageing
and is expected to do so at accelerated rates in the coming decades though this
will vary from economy to economy. Some economies still have youthful
populations while in others ageing is a much more immediate issue. Regardless
of these differences, the region as a whole will have to address the economic
consequences of the demographic transition to sustain growth in the medium
and long term.

Our objective was to project the impact of the demographic transition on
the economic growth of 12 developing Asian economies from 2011 to 2020 and
from 2021 to 2030 using projections of age structures readily available from the
United Nations (UN) population database. To make our projections, we first
used past data to estimate the impact of the old-age dependency ratio and the
youth dependency ratio on three primary determinants of economic growth:
labor force participation, capital accumulation, and the growth of total factor
productivity (TFP). On the basis of those estimates, we projected how the two
dependency ratios would affect the three determinants in the next two decades.
We made separate projections for each of the two channels through which de-
mographic change can influence capital accumulation, i.e., directly and indi-
rectly via savings. Summing the projected impact of the two demographic vari-
ables gave us the projected impact on growth.

Our analysis is based on well-grounded theoretical rationales for why de-
mographic change can have a significant influence on economic growth.
The economic needs and contributions of individuals vary over the course of
their economic lifecycles. It is well known that working-age adults tend to work
and save more than youth or those aged 60 and older. That is, the ratio of con-
sumption to production is generally high for youth and low for working-age
adults. Children rely on parents for material needs during the early years of life.
After retirement, adults rely on income from savings, transfers from children,
and pension benefits. Between youth and retirement, adults work to provide for
their families and to save for retirement. A larger labor force therefore contrib-
utes directly to economic growth, and higher savings rates contribute to growth
by boosting the investment rate.
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The theoretical basis for the relationship between demographic change on
one hand and labor supply and savings on the other is well established. It is also
intuitively plausible that population ageing may directly affect investment. To
the extent that physical capital can substitute for labor, an economy can accu-
mulate more capital in order to compensate for the slowdown in the growth of
the labor force. Capital and labor can, however, also be complements; this
would dilute the positive effect of ageing on investment. Changes in the age
structure of the labor force can also influence the investment rate. For example,
older workers may need more capital than younger workers to compensate for
their diminished physical strength. In addition, demographic change will have a
sizable effect on the structure of demand for services and goods for the elderly
and may bring about structural changes in production, for example, the capital
intensity of production that can in turn influence the investment rate.

Finally, economic intuition suggests that demographic changes will affect la-
bor productivity. Older workers tend to have more experience and knowledge,
but younger workers tend to be physically stronger and have stronger incentives
to invest in human capital. Alesina, Spolaore, and Wacziarg (2003) point out that
declining fertility affects not only the size of the working-age population but also
its age structure. Due to age-specific differences in labor productivity, the aggre-
gate productivity of a country with larger numbers of older, experienced workers
will be higher than that of a younger country. Since labor productivity grows
fastest and peaks between the ages of 35 and 54, the productive capacity of a
country with a large proportion of workers in the prime age group should be
markedly higher than that of a country with more younger or older workers. An
analysis of a balanced panel of 84 countries by Gomez and Hernandez de Cos
(2008) found evidence that an increase in the share of workers in the prime age
group had a positive but curvilinear effect on per capita gross domestic product
(GDP). While labor productivity and TFP are separate concepts, the former will
have a significant effect on the latter under certain conditions. In fact, the two
appear to be equivalent if we assume a Cobb-Douglas production function. In
this connection, in a study of 10 Canadian provinces from 1981 to 2001 with
projections up to 2046, Tang and MacLeod (2006) found that older workers
were, on average, less productive than younger workers and that an ageing la-
bor force had a negative effect on productivity.

Our quantitative projections will give developing Asia's policymakers
some insights into the impact of demographic change on economic growth that
will help them design and implement appropriate policies for sustaining growth
as the demographic dividend dissipates. The exact impact of ageing and hence
the appropriate policy response will necessarily differ from economy to econ-
omy given the wide diversity of demographic profiles in the region.
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2. Population Ageing in Developing Asia: Trends
and Prospects

The 12 economies in our sample are the People's Republic of China (PRC),
Hong Kong (China), India, Indonesia, the Republic of Korea, Malaysia, Paki-
stan, the Philippines, Singapore, Taipei (China), Thailand, and Viet Nam. They
encompass a very wide range of income and development levels. In terms of
purchasing power parity, GDP per capita in 2009 ranged from US$ 2,609 in
Pakistan and US$ 2,953 to US$ 43,299 in Hong Kong, China and US$ 50,633

in Singapore (Fig. 1).
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Fig. 1. Gross Domestic Product Per Capita, Purchasing Power Parity in
2009 for 11 Asian Economies

Source: World Bank 2010.

In general, all the economies in our sample are clearly experiencing a demo-
graphic transition toward older populations. Table 1 shows the old-age ratio —
the ratio of those aged 65 or older to the working-age population (people aged
15-64) — and the youth-dependency ratio — the ratio of those aged 0—14 to the
working-age population. Figs 2 and 3 show slightly different definitions of the
old-age and youth-dependency ratios with total population replacing the work-
ing-age population as the denominator.” For both definitions, the share of the
elderly has grown visibly throughout the region and is projected to grow further
in the next two decades. Conversely, the share of youth has shrunk and will
continue to shrink in the coming years.

% Taipei (China) is not included in Figs 2 and 3 due to a lack of United Nations data.
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Table 1. Actual and Projected Demographic Changes in 12 Asian
Economies from 1981 to 2030

Actual Projections
1981- 1991- 2001-  2011-  2021-
1990 2000 2007 2020 2030

China, People's Rep. of

Youth dependency 0.481 0.409 0.328 0.273 0.260

Old-age dependency 0.081 0.092 0.106 0.137 0.200
Hong Kong, China

Youth dependency 0.336 0.268 0.203 0.150 0.173

Old-age dependency 0.109 0.139 0.163 0.210 0.340
India

Youth dependency 0.668 0.613 0.540 0.440 0.363

Old-age dependency 0.064 0.068 0.073 0.083 0.107
Indonesia

Youth dependency 0.654 0.522 0.437 0.363 0.307

Old-age dependency 0.062 0.069 0.082 0.100 0.130
Republic of Korea

Youth dependency 0.448 0.321 0.270 0.200 0.193

Old-age dependency 0.067 0.086 0.124 0.183 0.287
Malaysia

Youth dependency 0.664 0.588 0.496 0.407 0.347

Old-age dependency 0.064 0.062 0.066 0.090 0.130
Pakistan

Youth dependency 0.827 0.800 0.686 0.580 0.497

Old-age dependency 0.076 0.068 0.066 0.073 0.083
Philippines

Youth dependency 0.758 0.683 0.599 0.500 0.430

Old-age dependency 0.058 0.058 0.063 0.080 0.103
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Actual Projections
1981- 1991- 2001-  2011-  2021-
1990 2000 2007 2020 2030
Singapore
Youth dependency 0.337 0.307 0.279 0.183 0.193
Old-age dependency 0.074 0.089 0.115 0.193 0.357
Taipei, China
Youth dependency 0.449 0.343 0.270 0.183 0.163
Old-age dependency 0.080 0.111 0.133 0.180 0.299
Thailand
Youth dependency 0.554 0.403 0.336 0.293 0.287
Old-age dependency 0.068 0.082 0.100 0.127 0.190
Viet Nam
Youth dependency 0.747 0.632 0.471 0.337 0.300
Old-age dependency 0.085 0.088 0.095 0.097 0.143

Note: Youth and old-age dependency rates, obtained from World Bank 2010 are defined
as the percentage of the population below age 15 and over age 64 divided by the work-
ing-age population (age between 15 and 65), respectively. Projections of ageing were
obtained from UN 2009.

Sources: World Bank 2010; UN 2009.
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Fig. 2. Population Aged 65 and Older as a Share of Total Population in
11 Asian Economies from 1950 to 2050
Source: UN 2009.
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Fig. 3. Population Aged 0-14 as a Share of Total Population in 11
Asian Economies from 1950 to 2050

Source: UN 2009.
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Although the trend toward older populations is region-wide, there is neverthe-
less a great deal of diversity in the demographic profiles of the 12. By 2021-
2030, the ratio of elderly to the working-age population will exceed 33 % in
Hong Kong (China) and Singapore. In striking contrast, the corresponding fig-
ures for Pakistan and the Philippines will be only 8.3 % and 10.3 % respective-
ly (Table 1).

Due to its very rapid growth, developing Asia is compressing industrializa-
tion and economic transformation into a much shorter time period than the ad-
vanced economies did, and the region is replicating the demographic transition
of the advanced economies within a much shorter time frame as well. In fact,
the sheer speed and scale of the region's population ageing are unprecedented
and are largely driven by the region's exceptional economic growth.

3. Sources of Growth

As demographic change affects growth through a number of different channels,
in order to estimate the impact of population ageing on economic growth we
first have to estimate growth and identify its sources. In order to get the broad-
er picture in developing Asia, we estimated growth rates of aggregate GDP, per
capita GDP, per capita labor input, TFP, per capita physical capital, and educa-
tion or human capital from 1981 to 2007. We also estimated the relative contri-
bution of the different determinants of per capita GDP, i.e. per capita labor in-
put, TFP, per capita physical capital, and education.

We used a standard Cobb-Douglas aggregate production function in which
output is produced by combining productive inputs and TFP. In order to capture
the impact of demographic change we distinguished between population, P and

. Y . .
labor force, L. Per capita GDP — is the product of per capita labor force — the
P

ratio of workers to total population — and the ratio of output to labor force.
Y LY LAK“(hL)" L (KY
_:__:_#:_A(_) W (1)
p pL p L p \L

where Y = aggregate GDP, P = population, L = labor force, 4 = total factor

productivity, K = aggregate physical capital, # = human capital, and o = share
of capital in income.

. Y ..
The growth rate of per capita GDP (=—) is equal to the growth rate of per
P

capita labor force plus the growth rate of per labor GDP.

Aln {ZJ =Aln (£J +Aln [Zj 2)
P p L
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As population ageing progresses, if the labor participation rate of the elder-
ly does not change, the growth rate of per capita labor force will decrease. This
should be a very important channel through which ageing influences economic
growth; we explore it in the next section. Note, however, that this is only
a temporary effect because the growth rate of per capita labor force cannot in-
crease or decrease forever.

We can disaggregate the growth rate of per labor GDP (:% ) further as fol-

lows.
Y K
Aln(zj:Aln(A)+aAln(z]+(l—a)Aln(h) 3)
Combining (2) and (3) gives us:

Aln(zj = Aln[£J+AIn(A)+aAln[§)+(l—a)Aln(h) @y
p p

Equation (2)’ shows that the growth rate of per capita GDP is made up of
four components: the growth rates of (1) per capita labor, (2) TFP, (3) per labor
physical capital and (4) human capital.

Our data source for aggregate and per capita GDP and for investment and
population was Penn World Table 6.3, for labor force was the International
Labour Organization's Office of Statistics LABORSTA database accessed
March 15, 2011, and for human capital was Barro and Lee (2010). We calculat-
ed the physical capital stock by using the standard approach of Harberger
(1978) which assumes that the economy is initially in a steady state. Then the
remaining capital stock is constructed by the perpetual inventory method:

K, =(1-6)K,_ +1, 4)
where ¢ is the depreciation rate set at 6 %.

Following Barro and Lee (2010), we assumed that human capital per unit
of labor has a relation to the number of years of schooling as follows:
h=e”, %)
where 6 measures the average marginal return on an additional year of
schooling, and hence s is the efficiency of a unit of labor with s years of edu-
cation relative to one without any schooling. Following Barro and Lee (2010),
we set 0 =8 %.

Table 2 reports the results of our basic growth accounting exercise for per
capita GDP. We assumed that share of labor income was 0.6. The table reports
the growth rates of aggregate GDP, per capita GDP, per capita labor input,
TFP, per capita physical capital, and human capital output for the two most
recent decades — 1981-1990 and 1991-2000 — and for 2001-2007 as well as the
entire sample period 1981-2007.°

3 The last time period is 20012007 rather than 2001-2010 due to data limitations.
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Table 2. Growth Accounts for 12 Asian Economies from 1981 to 2007 (%)

1981-1990 1991-2000 2001-2007 1981-2007

China, People's Rep. of

Aggregate GDP 8.34 9.10 11.10 9.34
Per capita GDP 6.80 8.10 10.52 8.25
Per capita labor input 1.01 0.14 0.25 0.49
Total factor productivity 2.98 3.76 6.11 4.08
Per labor physical capital 5.97 8.73 9.14 7.82
Education/human capital 0.70 1.19 0.84 0.92
Hong Kong, China
Aggregate GDP 6.24 3.85 4.69 4.95
Per capita GDP 5.07 2.28 4.02 3.76
Per capita labor input 0.41 0.13 0.75 0.39
Total factor productivity 1.77 0.32 1.99 1.29
Per labor physical capital 5.58 4.70 1.80 4.27
Education/human capital 1.11 -0.08 0.93 0.62
India
Aggregate GDP 5.39 4.75 6.74 5.50
Per capita GDP 3.37 2.94 5.05 3.65
Per capita labor input 0.16 0.16 0.45 0.23
Total factor productivity 1.61 1.05 1.84 1.46
Per labor physical capital 2.66 3.44 5.76 3.76
Education/human capital 0.88 0.60 0.75 0.75
Indonesia
Aggregate GDP 5.67 4.17 4.51 4.81
Per capita GDP 3.78 2.55 3.18 3.17
Per capita labor input 1.14 1.12 0.64 1.00
Total factor productivity 0.17 —0.31 2.05 0.48
Per labor physical capital 5.87 3.15 0.01 3.34
Education/human capital 0.21 0.79 0.80 0.58
Republic of Korea
Aggregate GDP 8.96 5.34 3.98 6.33

Per capita GDP 7.78 4.46 3.55 5.46
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1981-1990 1991-2000 2001-2007 1981-2007

Per capita labor input 1.25 0.76 0.59 0.90
Total factor productivity 3.04 -0.04 1.12 1.40
Per labor physical capital 7.46 7.31 3.62 6.41
Education/human capital 0.84 1.37 0.65 0.99
Malaysia
Aggregate GDP 5.86 7.41 5.18 6.26
Per capita GDP 3.45 5.21 3.32 4.07
Per capita labor input 0.68 0.77 0.48 0.66
Total factor productivity 0.29 1.10 1.84 0.99
Per labor physical capital 4.68 5.81 1.18 4.19
Education/human capital 1.02 1.70 0.89 1.24
Pakistan
Aggregate GDP 5.99 3.50 6.16 5.11
Per capita GDP 3.03 1.06 4.08 2.57
Per capita labor input —0.12 0.49 1.50 0.53
Total factor productivity 1.84 —0.35 1.63 0.97
Per labor physical capital 2.37 1.12 0.12 1.33
Education/human capital 0.61 0.77 1.50 0.90
Philippines
Aggregate GDP 2.02 3.77 4.85 3.40
Per capita GDP —0.43 1.55 2.74 1.12
Per capita labor input 0.42 0.48 0.35 0.42
Total factor productivity -1.26 0.42 1.98 0.20
Per labor physical capital 0.02 0.68 0.18 0.31
Education/human capital 0.67 0.65 0.56 0.63
Singapore
Aggregate GDP 7.03 7.84 5.02 6.81
Per capita GDP 4.70 5.03 3.30 4.46
Per capita labor input 0.98 0.04 0.58 0.53
Total factor productivity 1.49 2.64 1.90 2.02
Per labor physical capital 3.91 4.12 0.90 3.21

Education/human capital 1.11 1.16 0.76 1.04
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1981-1990 1991-2000 2001-2007 1981-2007

Taipei (China)
Aggregate GDP 7.61 6.38 3.70 6.14
Per capita GDP 6.25 5.48 3.25 5.19
Per capita labor input 1.02 0.60 0.85 0.82
Total factor productivity 2.47 1.28 0.49 1.52
Per labor physical capital 5.52 7.40 2.99 5.56
Education/human capital 0.91 1.06 1.18 1.03

Thailand
Aggregate GDP 7.53 3.81 4.82 5.45
Per capita GDP 5.93 2.67 4.10 4.25
Per capita labor input 1.43 -0.30 0.49 0.54
Total factor productivity 2.40 0.04 2.61 1.58
Per labor physical capital 4.04 6.47 0.81 4.10
Education/human capital 0.81 0.56 1.12 0.80

Viet Nam
Aggregate GDP 5.69 6.45 7.38 6.41
Per capita GDP 3.44 4.84 6.30 4.70
Per capita labor input 0.50 0.38 1.00 0.58
Total factor productivity 2.95 0.38 1.39 1.60
Per labor physical capital 1.35 9.04 8.23 5.98
Education/human capital -0.92 0.77 1.04 0.22

Note: We report annual average growth rates. The labor share is set at .6 for all econo-
mies.

Source: Authors' calculations.

Again, it is worth repeating that our variable of interest is per capita GDP, not
per labor GDP. The growth rate of per capita GDP steadily decreased in the
Republic of Korea and Taipei, China, both of which are maturing, high-income
economies, while the growth rates in the PRC and Viet Nam — two fast-
growing economies at much lower income levels — accelerated from 1981 to
2007. The growth rate of per capita GDP from 2001 to 2007 was lower than
that for the entire sample period in the Republic of Korea, Malaysia, Singapore,
Taipei (China), and Thailand. The average growth rate of per capita labor input
was higher than 0.5 % from 1981 to 2007 in Indonesia, the Republic of Korea,
Malaysia, Pakistan, Singapore, Taipei (China), Thailand, and Viet Nam, but it
is likely that this trend will be reversed as the populations age.
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Fig. 4 shows the relative contributions of per capita labor input, TFP, per
capita physical capital, and education to the growth rate of per capita GDP. Our
results indicated that in most countries, per capita physical capital has played
a major role in economic growth which is consistent with the results of most ex-
isting studies and with the widespread perception that high investment rates con-
tributed substantially to developing Asia's growth by rapidly augmenting the
physical capital stock and hence productive capacity. At the same time, TFP
growth also played a key role. This suggests that changes in technical efficiency
along with technical progress made a substantial contribution to the region's eco-
nomic growth. In the case of the PRC, in fact, growth in TFP contributed more to
economic growth than capital accumulation. For the region as a whole, labor in-
puts and education accounted for only a relatively small share of growth.

9
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Fig. 4. Contribution to Per Capita Gross Domestic Product Growth
from 1981 to 2007 in 12 Asian Economies

PRC = People's Rep. of China; HKG = Hong Kong, China; IND = India; INO = Indone-

sia; KOR = Rep. of Korea; MAL = Malaysia; PAK = Pakistan; PHI = Philippines; SIN =

Singapore; THA = Thailand; TAP = Taipei, China; VIE = Viet Nam.

Source: Authors' calculations.

4. The Impact of Demographic Change on Developing
Asia's Economic Growth

We estimated the effects of the old-age dependency and youth ratios on 4
sources of growth in the 12 economies: labor force participation, TFP, the capi-
tal to labor ratio, and the savings rate. More precisely, we measured the impact
of ageing on the growth rate of per capita GDP (=Y/P) based on equation (2)’:

Aln(zj=Aln(£J+Aln(A)+aAln(%jJr(l—a)Aln(h) @

p p
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Suppose the growth rate of per capita GDP changed. According to equation
(2)’, this means that there were changes in any of the four components on the
right-hand side. It is reasonable to expect that the four components are simulta-
neously determined, so although it would be best to form a system of four equa-
tions, it would be too complicated. To simplify the analysis, we assumed that
the first and the last terms — labor force participation and education — were in-
dependently determined. We assumed that the labor participation rate was de-
termined primarily by the level of per capita GDP and by demographic factors.
The results of the regression analysis are reported in Table 3.

Table 3. Impact on Ageing of the Growth Rate of Labor Force
Participation

(1] (2]

Random Effects Fixed Effects
Old-age dependency —0.056*** —0.068**
[0.008] [0.028]
Youth dependency —0.003 —0.016**
[0.003] [0.007]
Per capita GDP 0.010%%*x* 0.003
[0.004] [0.011]
Per capita GDP"2 —0.000%* 0
[0.000] [0.001]
Observations 514 514
R-squared 0.32 0.125

** Significant at 0.05 and *** significant at 0.01 using a two-tailed test
Note: Both dependent and explanatory variables are 10-year averages.
Source: Authors' calculations.

The dependent variable is the growth rate of the per capita labor force, i.e. the
labor force divided by the total population. The independent variables are old-
age dependency, youth dependency, per capita GDP and per capita GDP
squared. We included the squared term to capture possible non-linear effects.
Both dependent and explanatory variables are 10-year average values.

Table 3 includes the results for both random effects and fixed effects.
The old-age dependency ratio is highly significant in both results while the
youth dependency ratio is significant only in the fixed-effects regression. As
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expected, both coefficients are negative. The coefficient indicates that if the
old-age dependency ratio increased by 10 %, the growth rate of per capita labor
would decrease either by 0.56 % (random effects) or by 0.68 % (fixed effects).
This effect is expected to persist for 10 years. Thus, as expected, our results
indicate that demographic change has a significant impact on labor force partic-
ipation.

In addition to labor force participation — the first term — we also assumed
education and human capital — the last term — was independently determined.
To calculate it, we used the projections made by Lee and Francisco (2010) (see
Table 4). Intuitively, the first and the last terms cannot increase or decrease
forever because there are limits to their values. For example, the labor force
participation rate cannot decrease to zero. Hence the impact, if any, should be
temporary. For the second and third terms — TFP and physical capital per la-
bor — we followed the growth projection framework of Lee and Hong (2010)
but considered the impact of demographic change and quantified its im-
portance.

The system of three equations is TFP:

Aln(4,)=f,(Z,). (6)
Physical capital per labor:
Aln(k)=1.(S,. Z,). @)

(St):ﬁ[Aln[Z—’j, ZJ (8)

t

K
where & is physical capital per labor (: Tj and S, is the savings rate at time ¢.

Savings rate:

t

Furthermore, Z,, Z;, and Z;, are exogenous variables affecting Aln(At),

Aln(k,) and S, respectively. We added equation (8) for the savings rate be-

cause it influences physical capital per labor. Originally equations (6), (7) and
(8) were derived from Park (2010), Shioji and Vu (2010), and Horioka and Te-
rada-Hagiwara (2010), respectively. Lee and Hong (2010) combine these three
to form a system of equations.

When you plug (3) into (8), it becomes:

S, =f.(In(4,)+aAln(k )+(1-a)Aln(h,).Z,), (8)

where we explicitly included the time subscript and utilized the fact that

K

ko=t

t
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Now equations (6), (7) and (8)’ form a three-equation system with three
endogenous variables: In(4,), Aln(k;) and S,.

All other variables including Aln(%,) were considered as exogenous.

Lee and Hong (2010) included the following exogenous variables:

Z4 = (In(4; 1), In(Life, ), hy, In(pop,_1), ARND), 9)
Zi = (ki 1), Aln(4, 1), In(4, 1), In(pop, 1), open,, propright,), ~ (10)
Zy = (life,, Old,, Young,, In(y,), Aln(y,), labor_p65,), (11)

where Life, = life expectancy at t — 1, pop; | = population at t — 1, ARND, =
= growth rate of research and development, open, = a measure of openness,
(exports+imports)/GDP, propright, = the Heritage Foundation's Property Rights
Index, Old, = the old-age dependency ratio defined as the population aged 65
and older divided by the population aged 15-64, Young, = youth dependency
ratio defined as the population aged 14 and younger divided by the population
aged 1564, labor_p65, = the labor force participation rate of elderly people.

A major departure from Lee and Hong (2010) is that we included the de-
mographic variables old-age and youth dependency ratios in either Z,, or Z,
and reported the results when the demographic variables were included in both
Z4 and Z;,. The data sources for our variables were as follows: (i) The World
Bank's World Development Indicators (WDI) (World Bank 2010) for old-age
and youth dependency ratios except for Taipei, China for which we relied on
the Council for Economic Planning and Development,* (ii) Penn World
Table 6.3 for the savings rate (S/Y=(Y-C-G)/Y), (iii) WDI and research and
development stock growth for life expectancy, (iv) Lee and Hong (2010) for
research and development, (v) Penn World Table 1 for openness, (vi) The Her-
itage Foundation for property rights,” and the International Labour Organiza-
tion's LABORSTA database® for labor force participation and the labor force
participation rate of the elderly.

Column 1 in Table 4 replicates the analysis of Lee and Hong (2010), and
the results are reasonably similar. Column 2 is the result of the regression when
we included the demographic factors (the old-age and youth dependency ratios).
We excluded population growth from the explanatory variables in Column 2
when the dependent variable was per capita physical capital since other demo-
graphic factors were already included. Our variables of interest are the old-age
and youth dependency ratios since we are interested in the impact of demo-
graphic change on the different sources of economic growth. Both demographic
variables have a negative effect on TFP growth. This implies that the age struc-
ture of the labor forces affects labor productivity and the productivity of all
productive inputs. On the other hand, neither the old-age nor the youth depend-

* URL: http://www.cepd.gov. tw/econtent.
3 URL: http:// www.heritage.org/.
® URL: http//laborsta.ilo.org/.
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ency ratio was significant for capital accumulation. Therefore, demographic
change does not seem to have a direct effect on investment. At the same time,
the savings rate had a positive and highly significant effect on capital accumu-
lation, and both the old-age and youth dependency ratios had a negative effect
on the savings rate. Therefore, although demographic change does not exert a
direct effect on capital accumulation, it does so indirectly through its negative
effect on the savings rate.

Table 4. Estimation Results

(1] (2]

Total Factor Productivity (TFP)

Growth
Initial TFP —0.020%** —0.018%**
[0.003] [0.003]
Initial life expectancy 0.050%** —0.006
[0.012] [0.015]
Years of schooling 0 0
[0.001] [0.001]
Initial population 0.001** 0
[0.001] [0.001]
Research and development stock 0.064%%% 0031
growth
[0.020] [0.021]
Old-age dependency —0.068***
[0.024]
Youth dependency —0.061***
[0.011]
K/L Growth
Initial per labor physical capital —(.023%*** —0.027***
[0.003] [0.003]
Initial TFP 0.022%%** 0.01
[0.006] [0.009]
Growth rate of TFP 0.680%** —0.046
[0.240] [0.570]
Growth rate of population —0.447*
[0.254]
Savings rate 0.122%** 0.141%**
[0.025] [0.030]
Openness 0 0
[0.003] [0.003]
Property rights 0.000%** 0.000%**

[0.000] [0.000]
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(1] (2]

Old-age dependency 0.062
[0.059]
Youth dependency —0.044
[0.049]
Savings Rate
Life expectancy 0.001 0.003*
[0.002] [0.002]
Elderly participation 0.268*** 0.261***
[0.060] [0.060]
GDP growth 2.479%** 2.619%**
[0.786] [0.838]
Initial per capita GDP 0.109%** 0.109%**
[0.018] [0.018]
Old-age dependency —0.638*** —0.597***
[0.154] [0.160]
Youth dependency —0.204%** —0.199*
[0.107] [0.113]
Observations 170 170

Note: Column 1 is a replication of the estimation made Lee and Hong (2010). Column 2
includes demographic variables (old-age dependency and youth dependency ratios) as
explanatory variables in all three equations.

K/L=aggregate physical capital/labor force

Source: Authors' calculations.

5. Projections of the Impact of Demographic Change

We used the regression estimates in the previous section to make projections
about the impact of demographic change on the future economic growth of the
sample. More precisely, we projected the impact of the old-age and youth de-
pendency ratios on the change in the future growth rate of per capita GDP.
There are three channels through which demographic change affects growth: (i)
per capita labor force, (ii) TFP, and (iii) capital accumulation. The third channel
is further divided into direct impact and indirect impact through the savings
rate. To simplify the analysis, we assumed that the 2001-2010 averages were
the same as those for 2001-2007. Table 5 reports the projections for 2011-2020
and for 2021-2030.
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The following example will help to illustrate how we can interpret the projec-
tions in Table 5. According to Table 1, the youth and old-age dependency ratios
in the PRC are expected to change from 0.328 to 0.273 and from 0.106 to
0.137 respectively from 2001 to 2020. The fixed-effects regression estimates in
Table 3 imply that the change in the youth dependency ratio will increase the
growth rate of the per capita labor force by 0.087 % while the change in
the old-age dependency ratio will reduce it by 0.209 %. The estimates in the
first panel of Table 4 imply that the impact of changes in the youth and old-age
dependency ratios on the TFP growth rate would be 0.334 % and — 0.208 %,
respectively. In order to understand how the changes affect the growth rate of
physical capital per labor, we relied on the reduced form equations converted
from the estimates in the second and third panels in Table 5. According to those
equations, the youth dependency ratio directly increases the growth rate of
physical capital per labor by 0.112 % and increases it indirectly through
the savings rate by 0.072 %. The old-age dependency ratio directly increases
the growth rate of physical capital per labor by 0.089 % but indirectly reduces it
through the savings rate by 0.121 %.

Combining the three channels, the collective impact of the change in the
youth dependency ratio is to increase the PRC's growth rate of per capita GDP
by 0.605 % while the total impact of the change in the old-age dependency ratio
is to decrease it by 0.449 %. Overall, demographic change raises the growth
rate of per capita GDP by 0.156 %. In the decade 2021-2030, the PRC's youth
dependency ratio is expected to further decrease to 0.260 and the old-age de-
pendency ratio is expected to further increase to 0.200 (see Table 1). The three
channels indicate that the change in the youth ratio will increase the growth rate
of per capita GDP by 0.148 % and the change in the old-age ratio will decrease
it by 0.933 %. Overall the demographic changes are expected to decrease the
growth rate of per capita GDP by 0.785 %. We repeated the exercise for the rest
of the sample. As in the PRC, the youth dependency ratio exerted a positive
effect on economic growth while the old-age dependency ratio exerted a nega-
tive effect.

Table 5 reveals a great deal of diversity among the 12 economies with re-
spect to the size and timing of demographic effects on economic growth.
In Hong Kong (China), Republic of Korea, and Singapore where population
ageing is well under way, demography will already have a negative impact on
growth in 2011-2020, i.e. they will pay a demographic tax rather than earn a
demographic dividend in the immediate future. In the PRC, Taipei (China),
Thailand, and Viet Nam where ageing began at a later stage, demographic im-
pacts will still be positive from 2011 to 2020 but will turn negative in 2021—
2030. India, Indonesia, Malaysia, Pakistan and Philippines will continue to reap
a demographic dividend in 2021-2030; however, even in those youthful econ-
omies the dividend will be visibly smaller in 2021-2030 relative to 2011-2020.
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All in all, our projections resoundingly supported the popular belief that the
contribution of demography to developing Asia's growth is set to decline sub-
stantially as the region ages.

6. Quantitative Estimates of Past Demographic
Dividends

We used the same regression estimates in Section 4 but combined them with
actual changes in the old-age and youth dependency ratios to quantitatively
estimate the size of the demographic dividend in the sample in the decades
1981-1990, 1991-2000 and 2001-2010. Quantitative estimates of past demo-
graphic dividends are useful for comparative purposes and provide a better per-
spective on estimates of future dividends.

In contrast to the projections in Table 5, Table 6 shows that all developing
economies in Asia earned a demographic dividend in the past. This was true
even for those that according to Table 5 will begin to pay a demographic tax in
the immediate future. For example, in 1981-1990 in the Republic of Korea, the
collective impact of the change in the youth ratio was to raise the annual
growth rate of per capita GDP by 2.196 % while the collective impact of the
change in the old-age dependency ratio was to reduce the growth rate by
0.094 %. Overall, therefore, demographic change raised the annual growth rate
of per capita GDP in 1981-1990 by 2.102 %, and the country reaped a reduced
but still sizable demographic dividend of 1.133 % in 1991-2000, but the divi-
dend disappeared in 2001-2010. These estimates resoundingly confirm the no-
tion that economic growth in developing Asia benefited substantially from fa-
vorable demographic trends in the past.
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7. Conclusion

While developing Asia is following in the demographic footsteps of the ad-
vanced economies, the sheer speed and scale of the transition make preparing
for a grayer future all the more challenging and complex as the transition to an
older population will deprive the region of one of the main drivers of its past
economic success. According to Bloom, Canning and Fink (2011), favorable
demographics can explain much of East Asia's spectacular economic growth in
the second half of the 20" century. The rapid declines in infant and child mor-
tality that began in the late 1940s triggered a fall in birth rates from 40 births
per 1000 in 1950 to 20 per 1000 by 1980. The lag between mortality and fertili-
ty declines gave rise to a baby boom generation that was larger than the cohorts
that preceded and followed it. When the baby boomers reached working age,
both the savings rate and the size of the labor force shot up. Bloom, Canning
and Malaney (2000) found that this demographic dividend accounted for up to
33 % of East Asia's economic miracle between 1965 and 1990.

Our central objective was to project the impact of demographic change on
economic growth from 2011 to 2030 in the 12 developing Asian economies that
collectively make up the bulk of the region's population and output. Our projec-
tions indicate that the region's demographic transition will have a substantial
effect on its economic growth in the next two decades; in fact, the demographic
dividend that drove economic growth in the past will turn into a demographic
tax that will subtract from it. The magnitude and timing of the transition from
dividend to tax will differ from economy to economy, but the positive impact
of demography on economic growth will weaken across the region even in
youthful economies where the demographic dividend will persist in 2021-2030.
Our projections support the notion that a primary means of sustaining economic
growth in the sample in the future will be successful adaptations to rapidly
changing population structures.

Ageing populations pose a number of difficult policy challenges for devel-
oping Asian nations; the unprecedented nature of their transition means that the
earlier experiences of the advanced economies can provide at best only limited
guidance. Although the need to prepare for older populations is greatest where
ageing is most advanced, youthful economies should take advantage of their
larger window of opportunity to prepare also. Just as reaping the demographic
dividend requires appropriate institutions and policies, so does managing the
impending demographic transition. Working longer and encouraging more
women to participate in the labor force can mitigate the negative impact of age-
ing on growth. Therefore, to the extent that governments implement policy re-
forms that bring about those responses — more and better childcare and raising
the legal retirement age — our projections overestimate the demographic effects.
In this context, a particularly challenging issue for policymakers will be to pro-
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vide adequate income support and healthcare for the elderly without jeopardiz-
ing growth by imposing excessive burdens on the working-age population.
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