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ABSTRACT

Using a growth accounting framework, we find that developing Asia grew rapidly over the past three
decades mainly due to robust growth in capital accumulation. The contributions of education and total
factor productivity in the region’s past economic growth remain relatively limited. We also make long-
run growth projections for developing Asia by combining the growth accounting framework with
growth regression approach. Our baseline projections based on the model of conditional convergence
show that the gross domestic product (GDP) growth rates of the 12 developing Asian economies covered
by this paper will be consistently lower for the next two decades than their historical performance.

8}; However, policy reforms in education, property rights, and research and development can substantially
032 raise GDP growth in the region and partly offset the slowdown in growth caused by the convergence
047 phenomenon. Even under the baseline scenario, the region’s share in the world economy will increase
053 from the current 34 percent in 2009 to close to a half in 2030.
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1. Introduction

Developing Asia weathered the global economic crisis of 2008/
09 well. It was the first region to emerge from the turmoil, helped
by decisive and large-scale fiscal and monetary policy measures.
Domestic demand has been resilient, especially in the region’s
larger economies, and the economic cycle clearly suggests that
economies have bottomed and begun to recover. A number of
Asian economies even posted double-digit gross domestic product
(GDP) growth in the first half of 2010.

Now, as the recovery takes firm hold, the region faces a more
crucial challenge for its sustained growth in the long run. The
question is whether the economies in the region can return to the
rapid growth of the past few decades.

* This paper was prepared for the Asian Development Bank’s TA7470-REG:
“Long-term Projections of Asian GDP and Trade.” We thank the participants in the
workshops in Seoul and Hong Kong, China for helpful comments and Lea Sumulong
for excellent research assistance. The views expressed in this paper are those of the
authors and do not necessarily reflect the views or policies of the Asian
Development Bank or its Board of Governors or the governments they represent.
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Developing Asian economies! have grown impressively over a
period of nearly 30 years. The region’s real GDP in purchasing
power parity (PPP) terms climbed from about $3.3 trillion in 1980
to an estimated $24.5 trillion in 2009. That is an increase of 7.5
times, compared with just three times for the world economy
during the same period. Real per capita GDP expanded in excess of
four times during the period, while average global income
registered less than a two-fold increase. Such robust, prolonged
growth has clearly raised incomes, lifted millions out of poverty,
and expanded developing Asia’s global economic influence.

Per capita GDP in developing Asia remains below the global
average, but is rapidly catching up. In 1980, the income of the
average Asian was just over a quarter of the world average; by
2009, it had risen to nearly two thirds.

Several factors were responsible. While Asia’s economic growth
had been considered a “miracle” in the 1990s (World Bank, 1993;
Lucas, 1993), a number of empirical studies were able to explain
the determinants. They highlight the role of investment, human

1 Developing Asia here includes the People’s Republic of China; Hong Kong,
China; India; Indonesia; the Republic of Korea; Malaysia; Pakistan; the Philippines;
Singapore; Taipei,China; Thailand; and Viet Nam. These economies account for
about 95% of emerging Asia’s GDP, and are thus representative of regional trends.
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resources, fertility, and institutional and policy variables. For
example, Sachs et al. (2001) find that East Asia’s rapid growth was
due to its (i) large potential for catching up; (ii) favorable
geography and structural characteristics; (iii) demographic divi-
dend; and (iv) economic policies and strategy that were conducive
to growth. The empirical studies show that the role of economic
policies, particularly those relating to openness, played a highly
significant role in the region’s sustained growth.

The standard growth model, such as the extended version of
the neoclassical growth model as described by Barro and Sala-i-
Martin (2003), predicts the conditional convergence of income, in
which a country with a low level of initial income relative to its
long-run or steady-state level of potential income will tend to
grow faster than a country that is already nearing its potential.
Controlling for the factors that influence the long-run or steady-
state income level, this implies that a poorer country is expected
to grow faster than a higher income country. This is because in
poorer countries, levels of physical and human capital and
technological progress are farther from their long-run levels, and
thus can accumulate capital and learn existing technology more
quickly than more advanced economies. In other words, the
greater potential for catching up among poorer countries allows
them to grow more quickly.

Across developing Asia, growth rates in per capita income have
varied in the past three decades. The People’s Republic of China
(PRC), with the lowest initial level of income per capita in 1980,
grew fastest at 8.2% between 1981 and 2007, allowing it to develop
from an economically desolate country into a global powerhouse.
In Hong Kong, China; the Republic of Korea; Singapore; and
Taipei,China, with relatively higher levels of initial income per
capita, average growth rates declined during the three decades.
This generally supports the conditional convergence hypothesis in
which poorer countries tend to grow faster and richer countries
slower.

However, the more important question now is whether this
rapid economic growth can continue in the next two decades. Does
convergence imply that as income levels in Asian economies
increase they can no longer achieve high rates of growth? We
believe this is not necessarily the case. The conditional conver-
gence theory predicts that, through appropriate policies and
institutional changes, an economy can shift its growth path higher
and expand the long-run or steady-state level of potential income,
thereby continuing to enable the long-run target level of potential
income to remain in excess of the current income. Other growth
theories, such as the various models of endogenous growth, also
predict that policies can have permanent impact on an economy’s
rate of growth.

Measures are thus needed to ensure developing Asia’s sustained
growth in the coming decades. In considering the variations in the
initial levels of income per capita across developing Asia, the
challenge for the region ranges from closing the gap with the
steady-state or long-run levels of potential income for low-income
economies, to expanding the steady-state or long-run potential
income levels for high-income economies. Lower-income econo-
mies have more opportunity for factor accumulation, and can thus
focus on policies that encourage increases in human and physical
capital, such as improvements in the quality and quantity of
education and in the investment climate. Indeed, physical capital
accumulation accounted for most of GDP growth in the less mature
Asian economies until 2007. More mature economies with larger
capital stocks, meanwhile, will be subject to diminishing returns to
capital and must progressively rely on productivity increases to
drive growth. Improvements in total factor productivity were
actually significant contributors to GDP growth in Hong Kong,
China; the Republic of Korea; Singapore; and Taipei,China from
1981 to 2007.

But why is it important for Asia to sustain its growth beyond the
crisis? Despite its remarkable growth in recent decades, develop-
ing Asia still remains as a relatively poor region and is home to two
thirds of the world’s poor. Long run growth is essential to reduce
poverty in the region on a sustainable basis. Also, just as the last 30
years of growth in developing Asian economies brought large
changes to the global and regional economies, Asia’s performance
in the coming decades is also expected to substantially influence
the global and regional landscape. Knowing how the region will
evolve in the next few decades is crucial to how Asian policy-
makers prepare for their future role in the global community.

Today more than ever, Asia’s influence in the global economy
has deepened dramatically as the region helps pull the global
economy out of recession. Nonetheless, while it is generally
expected that Asia’s economic expansion will carry on, it is unlikely
that the economies that achieved very strong growth in recent
years, such as the PRC, Viet Nam, and India will maintain such rapid
growth rates in, say, the next 20 years. It would thus be interesting
to know how Asia’s economic environment will be transformed in
the two decades ahead.

In particular, we would like to find answers to the following
questions: How will Asia’s growth likely pan out? Will a different
group of economies take the helm in driving regional growth
prospects? If so, what would be the impact on the global and
regional economies? What will be the contribution of labor, human
capital, physical capital, and technology diffusion to Asia’s future
growth? How will Asia fare relative to the industrialized
economies of the United States (US), Japan, and the European
Union? What would be the impact of Asia’s continued growth in
the global balance of power in the coming decades?

While our study is clearly not the first attempt to address these
questions, we can be differentiated for having a focus specifically
on developing Asia. Also, we explicitly incorporate growth
regression analysis into the conventional growth accounting
approach to produce long-run GDP forecasts. In most GDP
projections based only on growth accounting, each component
of GDP growth is forecast independently of the others with no
attention paid to possible inconsistencies between them. By
estimating a simultaneous equation system of GDP growth
components and incorporating it into growth accounting, we
can increase internal consistency among the forecasts. These
differences of our paper will hopefully lead to more plausible and
valid description about the future of developing Asia.

Section 2 briefly describes developing Asia’s performance from
1981 to 2007. Section 3 lays out the sources of growth for the 12
Asian economies using a growth accounting framework. Section 4
analyzes the determinants of developing Asia’s growth using a
system of equations. Section 5 presents the estimation results and
projects GDP growth through 2030 for the developing Asian
economies. Section 6 concludes.

2. Sources of growth, 1981-2007

The aggregate production function is used, and the level of
output per labor is produced by combining productive inputs and
total factor productivity (TFP). We assume a Cobb-Douglas
production function as,?

Y = AK¥(hL)' ™ M

where K denotes the stock of physical capital, h represents the
amount of human capital per labor, L represents the number of
laborers, and A denotes a measure of TFP. The production function

2 Note that by assuming neutral technological progress, rather than labor-
augmenting progress, our framework considers the role of productivity more
important.
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can be rewritten in terms of output per labor, y = Y/L, i.e.,
y =AK*R'", (1)

where k is physical capital per labor.

Following the pioneering work of Solow (1957), the growth
accounting method has long been used to break down the growth
rate of aggregate output into contributions from the growth of
inputs as well as the growth of productivity.

This method is applied to the Cobb-Douglas production
function in Eq. (1):

AlnY=AlnA+ao-AlnK+(1-a)-Alnh+(1 -a)-AlnL (2)
This equation can be rewritten in per labor terms as:
Alny=AInA+o-Alnk+ (1 —a)-Alnh (2)

Following the above formula, the growth of output per labor is
decomposed into growth rates of physical and human capital per
labor and the total factor productivity. This equation allows us to
decompose the differences in GDP per labor across countries into
the differences in the capital-labor ratio, the differences in human
capital, as well as the differences in TFP.

To conduct the decomposition of output, the output per labor is
measured by the level of GDP per labor force. GDP data is taken
from the Penn-World Tables (PWT) 6.3 of Heston et al. (2009). The
labor force is from the ILO Laborsta database. We do not have
reliable data on the number of work hours for most countries.

Physical capital stock data is constructed using the perpetual
inventory method, which is based on aggregate investment data in
the PWT 6.3.2 Specifically, the capital stock in time t is computed as
follows: K¢ = Ki¢_1(1 — 8) + I;;. The data comes from Barro and Lee
(2010).

Regarding the capital share parameter, it is assumed that « is
0.4 and constant across countries.

Human capital per labor is assumed to have a relation to the
number of years of schooling as follows:*

h = e 3)

In this equation, ¢(s) measures the efficiency of a unit of labor,
with s years of education being relative to one without any
schooling. We further assume that ¢(s) is linear,

h=e" (3)

In this equation, § measures the average marginal return to an
additional year of schooling. Barro and Lee (2010) find that, after
controlling for the simultaneous determination of human capital
and output, by using the 10-year lag of parents’ education as an
instrumental variable (IV) for the current level of education, the
estimated rate-of-return to an additional year of schooling is close
to the typical Mincerian return estimates found in the labor
literature. We assume 6 = 8%.°

3 In computing initial capital stock, most researchers follow Harberger's
approach (1978), which assumes that the economy is initially in a steady state.
Recall that in the steady state, the growth rates of capital and output are the same
(dK/K = dY]Y). Since (K; — K;_1)[K¢_1 = (I/K¢_1) — 8, then (I/K; 1) — 8 = g, where K is
capital stock, I is capital flow or investment, § is the depreciation rate, and g is the
growth rate of output. Rearranging terms yields, K;_; =I;/(g + §). To control for
short-term fluctuations in output, Harberger suggested the use of average growth
rate of output centered around, say, a three-year period. Nehru and Dhareshwar
(1993), King and Levine (1994), Bernanke and Gurkaynak (2001), and Barro and Lee
(2010) employed a modified version of this approach in computing for an initial
capital stock estimate. The annual depreciation rate of physical capital is assumed
to be constant at 0.06. We exclude the first 5 years of available capital stock
observations generated by the perpetual inventory method.

4 See Barro and Lee (2010).

5 Bernanke and Gurkaynak (2001) and Bosworth and Collins (2003) assume that
the average marginal return to an additional year of schooling is 8%.

Following convention, TFP growth is measured as Solow
residual:

AlnA=AlIny—a-Alnk—- (1 -«) -Alnh. (4)

This is a standard methodology in growth accounting, although
not free from shortcomings.® Alternative approaches to measuring
TFP, such as the time trend method (e.g., Kim and Lau, 1996) and
the frontier analysis (e.g., Fare et al., 1994) have their own
drawbacks. See Wei and Hao (2011) for more discussions on the
measurement of TFP.

Table 1 reports the growth rates of output, factor inputs, and TFP
for each of the three decades under review, i.e., 1981-90, 1991-2000,
and 2001-07 and also for 1981-2007. Three countries stand out as
having their GDP per labor rates steadily rising over the three
decades—the PRC, Viet Nam, and the Philippines. GDP per labor in the
PRC has increased, from just 5.8% in the first period, to 7.9% in the
second, and 10.2% in the third.” Viet Nam’s performance has been
more modest, starting at 3.0% in the 1980s, rising to 4.4% in the 1990s,
and then to 5.1% in the 2000s. The Philippines case is even more
moderate, beginning with a 1.0% contraction in GDP per labor during
1981-90, followed by a small 1.1% increase in 1991-2000, and a 2.6%
rise in 2001-07. The Republic of Korea and Taipei,China recorded
gradual declines in growth of GDP per labor over the three decades.

Fig. 1 shows the contributions of the growth of each factor to the
growth of output for the 12 Asian economies. We can see from
Fig. 1 that among the 12 economies in our sample, it is only in the
PRC where TFP growth contributed the most to GDP growth
between 1981 and 2007. Specifically, TFP in the PRC grew by an
average of 4.1% from 1981 to 2007.%° Singapore recorded the
second fastest growth in TFP, at about 2.0% during the same period.
In the majority of the other economies, growth in physical capital
accounted for the large part of the growth in GDP. In the PRC,
capital stock per labor increased by an average 7.8% per year in
1981-2007. Growth in capital stock per labor was also rapid in the
Republic of Korea and Viet Nam, at 6.4% and 6.1%, respectively. The
Philippines and Pakistan are exceptions, as GDP growth in these
economies was mainly driven by growth in the labor force.
Education seems to be the least important contributor to growth
among most of the Asian economies. The Philippines and Malaysia
are exceptions, with TFP growth the smallest contributor to GDP
growth. While the PRC stands out as the country with the highest
growth rate, the Philippines’s growth is conspicuously slow. From

6 As is well known, the Solow residual has business cycle effects mixed with
productivity growth effects. Also, it does not distinguish between two different
sources of TFP growth, i.e., technical efficiency change and technological progress.
However, a frontier analysis by Koop et al. (2000) reports that, for Asia over the
1965-1990 period, TFP growth was driven almost entirely by technological
progress: of 3.6 percent TFP growth, 3.5 percent was attributable to technological
progress and 0.1 to technical efficiency change. This provides some support to the
traditional approach to TFP.

7 The Chinese numbers need to be taken with cautions. Summers and Heston
(1994) explain in PWT 5.6 that, since “it is widely felt that (China’s) growth rates are
too high,” they arbitrarily lowered the reported consumption growth and
investment growth during 1980-1993 by 30 percent and 40 percent, respectively.

8 There are widely different views on the contribution of TFP growth to China’s
GDP growth. Young (2003) argues that, after correcting for measurement errors in
deflators and labor inputs, TFP growth in the nonagricultural economy of China
during 1978-1998 was only 1.4 percent per year. Similarly, Woo (1998) reports TFP
growth of 1.1-1.3 percent per year for 1979-1993. On the other hand, World Bank
(1997) reports that TFP in China grew at 4.3 percent per year during 1978-1995.
Islam and Dai (2007) use standard growth accounting called “primary approach”
and obtain a similarly high estimate of TFP growth (4.57 percent per year) for 1991-
2002.

9 The particularly high TFP growth of China during 2001-2007 may partly reflect
business cycle effects, as TFP is measured as a residual. While a measurement
problem as to physical capital and human capital may also be accountable for the
exceptional TFP growth, we find that our estimates of physical and human capital
growth and TFP growth for China are similar to those of Bosworth and Collins (2008)
for corresponding years in 1978-2004.



104 J.-W. Lee, K. Hong/Japan and the World Economy 24 (2012) 101-113

Table 1

Basic growth accounts, 1981-2030 (annual average growth rates).

Actual Projections
1981-90 1991-2000 2001-07 1981-2007 2011-20 2021-30

China, People’s Rep. of
GDP 8.34 9.09 11.15 9.35 6.09 4.98
GDP per labor 5.81 7.91 10.22 7.73 5.75 5.06
Labor input 2.53 1.18 0.93 1.61 0.34 -0.08
Education 0.70 1.19 0.83 0.91 0.65 0.15
Capital per labor 5.93 8.72 9.16 7.80 7.50 7.02
Total factor productivity 3.02 3.72 6.06 4.07 2.36 2.17
Hong Kong, China
GDP 6.24 3.85 4.67 4.95 4.40 2.83
GDP per labor 4.59 2.16 3.33 3.36 3.88 3.44
Labor input 1.65 1.69 1.34 1.58 0.52 -0.61
Education 1.11 —0.08 0.92 0.62 0.72 0.48
Capital per labor 5.62 4.71 1.79 4.29 5.62 4.86
Total factor productivity 1.67 0.33 2.06 1.27 1.20 1.21
India
GDP 5.39 4.74 6.76 5.51 4.67 4.28
GDP per labor 3.04 2.69 4,73 3.35 2.94 2.90
Labor input 235 2.06 2.03 2.16 1.73 1.38
Education 1.10 0.60 0.74 0.82 0.58 0.28
Capital per labor 2.70 3.45 5.78 3.78 3.56 3.68
Total factor productivity 1.30 0.95 1.97 1.34 1.16 1.26
Indonesia
GDP 5.68 4.11 4.51 4.80 4.66 4.12
GDP per labor 2.64 1.53 2.58 2.21 3.16 3.08
Labor input 3.04 2.58 1.93 2.58 1.50 1.04
Education 0.09 0.80 0.79 0.54 0.46 0.28
Capital per labor 5.69 3.11 -0.04 3.25 3.79 3.84
Total factor productivity 0.31 -0.19 2.12 0.59 1.37 1.37
Korea, Rep. of
GDP 8.96 5.33 3.97 6.32 4.39 3.42
GDP per labor 6.34 3.80 2.91 4.51 3.97 3.66
Labor input 2.63 1.53 1.06 1.81 0.42 -0.24
Education 0.85 1.37 0.64 0.99 033 0.29
Capital per labor 7.52 7.32 3.61 6.43 4.08 3.93
Total factor productivity 2.82 0.05 1.08 135 2.14 1.91
Malaysia
GDP 5.85 7.40 5.14 6.24 5.51 4.79
GDP per labor 243 412 2.78 3.15 3.59 341
Labor input 3.42 3.28 2.36 3.09 1.92 1.38
Education 1.39 1.38 0.94 1.27 0.52 0.27
Capital per labor 4.67 5.83 1.15 4.19 4.02 4.16
Total factor productivity -0.27 0.96 1.76 0.71 1.67 1.58
Pakistan
GDP 5.96 3.51 6.16 5.10 6.76 6.33
GDP per labor 2.71 0.55 243 1.84 2.70 2.83
Labor input 3.25 2.96 3.73 3.27 4.06 3.50
Education 0.62 0.76 1.49 0.90 0.88 0.49
Capital per labor 2.30 1.10 0.11 1.29 2.85 3.38
Total factor productivity 1.42 -0.35 1.49 0.78 1.04 1.19
Philippines
GDP 2.02 3.76 4.81 3.39 5.96 5.53
GDP per labor —-1.00 1.10 2.57 0.70 3.84 3.71
Labor input 3.02 2.66 2.24 2.69 2.12 1.82
Education 0.67 0.67 0.53 0.63 0.38 0.30
Capital per labor 0.07 0.69 0.18 0.33 3.50 3.74
Total factor productivity -1.43 0.42 2.18 0.19 2.21 2.03
Singapore
GDP 7.00 7.84 4.86 6.76 5.24 3.28
GDP per labor 3.80 4.93 2.71 3.94 3.65 3.34
Labor input 3.20 291 2.15 2.82 1.59 —-0.06
Education 1.32 1.15 0.77 1.11 0.63 0.48
Capital per labor 3.99 4.13 0.84 3.23 5.26 4.71
Total factor productivity 1.42 2.59 1.92 1.98 117 1.17
Taipei,China
GDP 7.61 6.40 3.66 6.14 3.68 2.48
GDP per labor 5.22 4.90 2.36 4.36 3.78 3.44
Labor input 2.40 1.50 1.30 1.78 —-0.09 —-0.96
Education 0.89 0.97 1.27 1.02 0.47 0.30
Capital per labor 5.52 7.42 2.98 5.56 4.93 4.45
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Table 1 (Continued )

Actual Projections

1981-90 1991-2000 2001-07 1981-2007 2011-20 2021-30
Total factor productivity 248 1.35 0.41 1.52 1.52 1.48
Thailand
GDP 7.54 3.71 4.85 5.42 4.01 3.58
GDP per labor 4.30 3.05 3.34 3.59 3.87 3.64
Labor input 3.24 0.65 1.51 1.84 0.15 —0.06
Education 0.81 0.70 0.91 0.80 0.76 0.52
Capital per labor 3.89 6.42 0.76 4.02 4.16 4.01
Total factor productivity 2.26 0.06 2.48 1.50 1.74 1.72
Viet Nam
GDP 5.69 6.50 7.41 6.44 4.86 3.74
GDP per labor 3.02 4.40 5.12 4.08 3.73 3.37
Labor input 2.67 2.10 2.29 2.36 1.14 0.36
Education -0.92 0.78 1.02 0.21 0.49 0.12
Capital per labor 1.50 9.13 8.29 6.08 291 3.08
Total factor productivity 2.98 0.29 1.19 1.52 2.27 2.07

Source: Calculations from Heston et al. (2009), ILO (2010), and Barro and Lee (2010).

GDP =growth domestic product.
Note: The projections are based on the estimation results in column (2) of Table 2.

Fig. 1, we can see that it has the least commonality with the other
economies in the region. We now go to a decadal view of the
growth contributors for each economy.

In the 1980s and 1990s, capital was the main source of GDP
growth in the PRC. This changed in the 2000s, when TFP growth
began to account for more than half of the growth in output. Since
the 1980s, labor’s contribution to GDP growth has been on a
declining trend. Meanwhile, as in previous studies including
Bosworth and Collins (2008), the contribution of education is
estimated to be small. This result, however, does not necessarily
imply that human capital does not matter, for a couple of reasons.
First, our measure of human capital is a function simply of the
number of schooling years and thus does not incorporate quality of
education. Second, as Benhabib and Spiegel (1994) suggest, human
capital may affect TFP indirectly through the adoption and
implementation of new technologies.

The major sources of growth for Hong Kong, China follow the
patterns recorded in the PRC - capital in the first two decades, and
TFP in the third - albeit with differing magnitudes. No definitive
trends in labor and education are evident during the three periods
reviewed.

In India, growth in capital stock was consistently the main
growth driver in the 1980s, 1990s, and 2000s. In the first period,
growth in labor and TFP accounted for almost the same rates of

10 -

9

PRC HKG IND INO KOR  MAL

M Labor O Education

[ Capital

contribution to GDP growth, at about 25% each. In the second, the
contribution of TFP growth declined to about 20%, allowing labor to
shore up a greater share of GDP growth. In the final period, the
situation was reversed, with TFP growth explaining a significantly
larger share of growth in GDP (about 30%) than labor growth
(about 18%). Across all three periods, education was the smallest
contributor to growth.

Growth in capital stock explained more than half of the GDP
growth in Indonesia in the 1980s and 1990s. By the 2000s, capital
fell to third place as a growth contributor. Meanwhile, growth in
labor input consistently maintained its rank as the second most
important donor to GDP growth. From being an almost non-
contributor in the 1980s, education has emerged as a consistent
source of GDP growth, accounting for more than 10% of total
growth during the 1990s and 2000s.

In the Republic of Korea, capital has been the primary growth
source for the last three decades. The share of labor was likewise
been consistent, at about 16-18% of GDP growth during the periods
in review. The contributions of TFP growth and education, however,
were unstable, ranging from 1 to 31% and 6-15%, respectively.

For Malaysia, labor and education were relatively stable sources
of growth during the 1980s, 1990s, and 2000s. The share of labor has
hovered between 27% and 35%, while that for education has ranged
from 11 to 14%. Growth of capital stock has contributed steadily less

PAK PHI SIN TAP  THA VIE

| Total factor productivity + GDP

Fig. 1. Contributions to GDP growth, 1981-2007 (percentage points). GDP = gross domestic product; PRC = People’s Republic of China; HKG = Hong Kong, China; IND = India;
INO = Indonesia; KOR = Republic of Korea; MAL = Malaysia; PAK = Pakistan; PHI = Philippines; SIN = Singapore; TAP = Taipei,China; THA = Thailand; and VIE = Viet Nam.

Source: Calculations from Heston et al. (2009), ILO (2010), and Barro and Lee (2010).
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to GDP growth over the three decades, while TFP growth has
progressively explained a larger share of output growth.

Growth in capital stock and in labor has remained the top two
GDP growth contributors in Pakistan in the three review periods.
However, while capital stock growth dominated in the 1980s,
growth in labor prevailed during the 1990s and 2000s. The share of
education has been rising over the three decades, starting from just
about 6% in the 1980s to about 15% in the 2000s. TFP growth
contributed about 24% of GDP growth in the 1980s and 2000s, but
subtracted about 10% in the 1990s.

GDP growth in the 1980s in the Philippines was largely explained
by growthinlaborand capital. Education also contributed positively,
but its share was relatively small. During that decade, TFP growth
subtracted from growth. In the 1990s, labor and capital were still the
top sources of GDP growth, jointly accounting for more than three
quarters of the total. Education and TFP growth, meanwhile, each
contributed about 11%. By the 2000s, TFP growth had gained the top
spot among the sources of GDP growth, with a share of about 45%.
Labor growth was still number two, contributing 28% to the total.
Capital was a close third, accounting for about 20%. Education barely
contributed during the decade.

In Singapore, the share of capital stock growth in GDP growth
has been steadily declining over the three growth periods, while
the share of TFP growth has been steadily rising. The shares of labor
and education have generally been stable at about 22-27% and 9-
11%, respectively.

In the 1980s and 1990s, the ranking of the sources of GDP
growth in Taipei,China was the same—capital stock, TFP, labor, and
education. In the 2000s, capital stock growth was still the largest
growth contributor, but labor and education tied for the number
two spot. TFP growth fell to fourth place.

There is no evident pattern in the contributors to GDP growth in
Thailand. In the 1980s, capital stock, TFP, and labor contributed
from 26 to 38% of total growth. The share of education was just
about 6%. In the 1990s, growth in capital stock explained more than
three fourths of GDP growth. The shares of labor and education
were about 11% each, while TFP growth was a measly 2%. By the
2000s, there was a drastic change in the ranking of the growth
sources. TFP growth contributed more than half of GDP growth,
while capital and labor shares were at 19% each. The share of
education remained at 11%.

In Viet Nam, TFP growth was the primary contributor to GDP
growth in the 1980s, with a share of about 52%. Growth of capital
stock and labor were similar, at about 28-29%. At that time,
education subtracted from growth. In the two succeeding decades,
capital stock growth was the major contributor to GDP growth. The
shares of labor and education were similar during the last two
periods, at 19% and 8%, respectively. The share of TFP growth,
meanwhile, sharply increased from about 4% in the 1990s to 16% in
the 2000s.

3. Determinants of growth

Asia’s rapid growth path can be explained by an extended version
of the neoclassical growth model that incorporates the role of human
capital and technology catch-up (see Barro and Sala-i-Martin, 2003;
Sachs et al,, 2001). This model predicts ‘conditional convergence’ of
income (output) per capita: a country with low initial income per
capita relative to its own long-run (or steady-state) potential level of
income per capita will grow faster than a country that is already
closer to its long-run potential level of output per capita. The farther
an economy is located from its steady-state output level, the greater
is the gap of reproducible (physical and human) capital and technical
efficiency from their long-run levels. The gap of existing capital from
the steady-state level encourages high rates of capital accumulation,
by providing higher rates of return to capital. The greater technology

gap offers the chance for rapid technology “catch-up” via the
diffusion of technology from more technologically advanced
economies. Hence, the lower the initial level of per capita output
relative to the steady state, the higher subsequent growth tends to
be. This framework presumably helps to explain why an industrial-
ized economy such as Japan, with its relatively large capital stock
and with it already operating near the world’s technological frontier,
grows more slowly than emerging Asian countries that are catching
up with the leaders.

The ‘conditional convergence’ framework implies that each
country has its own steady-state levels of output per labor and
productivity to which it is converging. Crucially, the long-term
levels depend on various external environmental and policy
variables. Countries with favorable economic policies and eco-
nomic structure tend to have a higher steady-state level of income,
and therefore faster growth at any given initial level of income.

The basic model is summarized in the following system of
equations:

AInA; = B4[In(A®) — In(Ar_1)] (5)
Alnk; = B [In(k*) — In(ke_1)] (6)
Alnh; = B,[In(h*) — In(he_1)] (7)
Alny, =AlnA; +o - Alnk; + (1 —a) - Alnh; (8)

Alny, = B4[In(A*) — In(Ar_1)] + o - Bi[In(k*) — In(k; 1)] + (1 — @)
- Bulin(h*) — In(h;_y)]

where the growth of each component of GDP (i.e., A, k, and h) is
explained by its convergence from the initial level at time t — 1 to
the steady-state level (denoted by superscript SS). Ba, Bk, and By
denote the coefficients of the adjustment speed of components A, k,
and h, respectively.

Fig. 2 supports the convergence hypothesis. The PRC, which had
the lowest initial level of GDP per labor, grew the fastest from 1981
to 2007. Singapore and Hong Kong, China, with significantly higher
GDP per labor in 1980, registered relatively lower rates of growth.
The Philippines tends to be the outlier, with relatively low initial
GDP per labor level, yet recording the lowest growth rate during
the three-decade period. Convergence is more apparent in capital
stock per labor and TFP, as shown by the steeper fitted lines in the
figures. Note that this relationship holds without controlling for
the determinants of the steady-state levels.

Considering the determinants of the steady-state levels of A, k,
and h, the equations can be rewritten as (see the companion papers
by Park (2010), Shioji and Vu (2010), and Lee and Francisco
(2010)):

AInA; = f(InA¢_1,Inli fe_ex;_q,he,In pop,_;, Aln RND;) (57

Alnk;= f(Ink,_1,AlnA¢, InA;_y, <;> ,Alnpop,,opene, prop_right;)
t

Alnh; = f(Aenrol;, sh_pop,'>~%4) (7

where In A;_; denotes the log of the initial level of TFP, In life_ex, 4
the log of the initial life expectancy at birth, In pop,_; the log of
initial population, Aln RND, the growth rate of R&D capital stock,
In k;_ the log of the initial capital stock per worker, In A;_; the log
of the initial level of TFP, (S/Y), the saving rate, Aln pop, the growth
rate of population, open, a measure of openness defined as
(exports + imports)/GDP, and prop_right, the Heritage Foundation’s
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Fig. 2. Convergence in GDP per labor and its factors, 3 decades. GDP = grow
domestic product; TFP = total factor productivity; PRC = People’s Republic of China;
HKG = Hong Kong, China; IND = India; INO = Indonesia; KOR = Republic of Korea;
MAL = Malaysia; PAK = Pakistan; PHI = Philippines; SIN = Singapore; TAP =
Taipei,China; THA = Thailand; and VIE = Viet Nam.

Source: Calculations from Heston et al. (2009), ILO (2010), and Barro and Lee
(2010).

“Property Rights” index, A enrol;, the change in enrolment rate for
level j = primary, secondary, and tertiary, and sh_popt;'>~2* the
share of population 15-24 years old to total population.'®

As dictated by the convergence hypothesis, the growth of each
component of GDP is specified as a function of the component’s
initial level. Also, cross influences between the components are
allowed, with the initial level and/or the growth rate of one
component affecting the growth rate of another. For example, the
initial level of educational attainment is related to TFP growth, and
TFP growth is related to the growth rate of capital stock per worker.
As additional determinants, initial life expectancy (due to its
correlation with people’s overall health), population size (due to
the non-rivalrous nature of technological innovation), and
research and development (R&D) investment (for obvious reasons)
are considered for TFP growth. Population growth is expected to
have a negative impact on capital accumulation as in the Solow
model, while openness and the protection of property rights have a
positive impact on capital accumulation. The accumulation of
human capital is determined by the relative size and school
enrolment of the young-age population.

(8/Y), is also endogenously determined as follows (see the
companion paper by Horioka and Terada-Hagiwara (2010)):

<§> = f(li fe_ex,, de p_young,,dep_old;,Iny,, Alny,, labor_part65),
t
9)

where life_ex, denotes life expectancy at birth; dep_young, the youth
dependency ratio that is defined as population aged 14 and below
divided by population aged 15-64; dep_old, the old dependency
ratio defined as population aged 65 and above divided by population
aged 15-64; and labor_part65, the labor force participation rate of
elderly people. A longer lifespan is expected to increase savings
because people may want to save more in preparation for longer
post-retirement spans. Dependency ratios and the GDP growth rate
are standard determinants of savings, according to the Life-Cycle
Hypothesis. In addition to the GDP growth rate, the level of per capita
GDP may also be important for savings, according to the Keynesian
consumption theory. Finally, a greater labor participation rate
among the elderly may increase aggregate savings by lowering the
proportion of dependents among the elderly.

4. Estimation results

Egs. (5°), (6’), (9), and (8) provide a simultaneous equation
system with three endogenous variables — Aln A;, Aln k;, (S/Y); -
and one accounting identity about Aln y,. All other variables are
either exogenous or predetermined. We assume that Aln h; is
exogenously determined because both its determinants, the
enrolment rate and the age structure of population, are exogenous
to our specification. Following the convention in the literature, we
will assume that all equations are linear.

Since some of the equations contain endogenous variables
among the explanatory variables, we need to use instrumental
variables (IV) estimation to produce consistent estimates. Also,
there may be contemporaneous correlation of errors across
equations which should be taken into account to improve
efficiency. For these reasons, we estimate the equation system
using 3SLS (Three-Stage Least Squares). While system methods are
more sensitive to specification error than single equation methods,
we find that our system estimation results are largely similar to
equation-by-equation IV estimation results.

10 The initial levels of TFP and life expectancy at birth can alternatively be defined
as relative to levels in the United States, as in Park (2010). We obtain the same
results regardless of how the initial levels are defined, because year dummies are
included in all regressions.
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Our sample is an unbalanced panel that covers both developing
and developed economies in 1981-1990, 1991-2000, and 2001-
2007. For each period, the first year of the period corresponds to
the initial year t—1 from the above equations. From our initial data
set with about 200 countries, we first excluded obvious outlier
observations in some of the key variables.!' We then picked those
countries that have no missing values in any of the variables used
for at least two out of the three periods. This leaves us with 159
observations from 61 countries. We take the period average for all
contemporaneous conditions and the beginning period values for
all initial conditions. To control for possible time-fixed effects,
period dummy variables are included in all regressions.

In addition to time-fixed effects, we control for Asia-fixed
effects and PRC-fixed effects. In particular, we include the Asia
dummy in each of Egs. (5°), (6’), and (9) and include the PRC
dummy in Eq. (6’). This is intended to represent the view that
developing Asia’s economic growth, particularly in the PRC, has
been higher than can be explained by other economies’ experi-
ences and that the PRC has been most outstanding in its capital
accumulation. We do not control for all country-fixed effects
because, while the fit of the model can improve greatly by the
inclusion of individual country dummy variables, the issue of
cross-country differences in growth will be largely unaddressed.'?

Our estimation results are provided in Table 2. For a robustness
check, we estimate the system both with and without the Asia and
the PRC dummies. As columns (1) and (2) show, we obtain similar
results in both specifications and the results are largely consistent
with theoretical expectations. First, regardless of the specification
used, convergence is strongly supported by the data. For both
Aln A; and Aln k,, the coefficient on the corresponding initial level
is significantly negative. Second, there seem to be substantial
interactions among endogenous variables. For example, in column
(1), the saving rate in the Aln k, equation and the GDP growth rate
in the (S/Y); equation each has a significantly positive coefficient.
The coefficients remain positive in column (2), even if less
significant and smaller than in column (1). Note that this is not
caused by endogeneity biases because we used 3SLS in our
estimation. Third, among other results, the positive effect of the
level of TFP on Aln k, and the positive effect of per-capita GDP on
(S/Y), are particularly robust. Fourth, the Asia dummy and the PRC
dummy are always positive, indicating that Asia in general and the
PRC in particular have shown extraordinary performance in all
the components that cannot be explained by the variables in the
regression. The dummy variables are also statistically significant
for the saving rate equation and the Aln k, equation. Barro (2001)
similarly finds that a dummy variable for five crisis-hit Asian
countries enters his investment equation with a significantly
positive coefficient.!® Fifth, although not reported in that table, we
find that the overall fit of the regression among the Asian
economies is relatively low for Aln k, and high for (S/Y),.

5. Growth projections, 2011-2030
5.1. Baseline projections

Once the equations are estimated, we can solve out the system
to derive reduced form equations for the endogenous variables

1 Specifically, we excluded the growth rate of R&D stock greater than 0.4, the
growth rate of capital-per-worker greater than 0.1 or lower than —0.07, the
population growth rate greater than 0.07, and the saving rate lower than —0.5.

12 Similar problems exist with time-fixed effects. All cross-period differences in
growth are controlled away by period dummy variables. This problem can be
particularly critical in making forecasts for future periods. See footnote 10.

13 Although it is unclear what cultural or economic influences the dummy
variables represent, inclusion of the variables clearly improves the fit of the
regression.

Table 2
Estimation results.

(1) (2)

TFP growth
log(TFP)
log(Life_expect)
Years of schooling
log(population)
R&D stock growth
Asia dummy

-0.0204 (~6.24)
0.0449 (3.17)
0.0006 (1.07)
0.0019 (3.18)
0.0498 (2.61)

~0.0189 (~5.34)
0.0340 (2.19)
0.0012 (1.96)
0.0007 (0.99)
0.0409 (1.85)
0.0044 (1.29)

K/L growth

log(K/L) —0.0250 (-6.52) —0.0179 (—4.4)
log(TFP) 0.0316 (3.73) 0.0222 (3.00)
TFP growth 1.2077 (4.42) 03274 (1.21)
Population growth —0.2696 (—1.05) —0.6857 (—2.79)

Saving rate
Openness
Property right
Asia dummy
PRC dummy

0.1414 (4.97)
0.0049 (1.19)
0.0004 (4.77)

0.0578 (1.79)
0.0037 (0.97)
0.0005 (5.84)
0.0149 (2.89)
0.0420 (3.27)

Saving rate
Life expectancy
Old dependency

0.0029 (1.41)
~0.3876 (~2.31)

0.0029 (1.41)
~0.4597 (—2.65)

Young dependency -0.1262 (-1.08) —0.2440 (-2.09)
Elderly participation 0.2663 (3.97) 0.2977 (4.3)
GDP growth 3.0528 (3.45) 1.3071 (1.33)
log(GDP per capita) 0.1137 (5.23) 0.1062 (5.13)
Asia dummy 0.0560 (2.25)
Number of countries 61 61

Observations 159 159

Source: Authors’ calculations.

TFP=total factor productivity; R&D=research and development; K=physical
capital; L=1abor; GDP=gross domestic product.

Note: Z-ratios are in parentheses. The system of equations is estimated by the 3SLS
(Three-Stage Least Squares) method. Column (1) shows results with the no dummy
variable specification. Column (2) shows results for the specification with an Asia
dummy for all equations and a PRC dummy for the K/L equation.

where only exogenous and/or predetermined variables appear on
the right hand side.!” This is straightforward because of the
linearity of our system.

Using the reduced form equations in addition to the forecasts of
exogenous variables, we can produce forecast series of the
endogenous variables. Since historical data for the endogenous
variables are currently available only up to 2007, while our
projection period starts from 2010, we first need to fill in the gaps
by assuming arbitrary numbers. We assume that, for each
endogenous variable, the 2001-2007 historical average will hold
for 2008 and 2009. We have alternatively used the 2001-2007 fitted
values instead of the historical average and found that our results
change only marginally. For exogenous variables, we take the
forecasts provided by other sources—projections of L are from Kim
(2010), while h forecasts are from Lee and Francisco (2010).
Exceptions are the following: (i) we assume that R&D stock growth,
openness, and property rights will remain constant in each country
at their respective 2001-2007 average values for the next two
decades; (ii) Viet Nam’s R&D stock growth is given by the average of
the other Asian countries excluding the four newly industrialized
economies of Hong Kong, China, the Republic of Korea, Singapore,
and Taipei,China; and (iii) property rights in Taipei,China are
assumed to be of the same level as in the Republic of Korea.

We use the estimation results in column (2) of Table 2 for our
baseline projections. Although not reported here, similar results
are obtained with column (1) of Table 2.'> Our baseline forecasts

14 In each estimated equation, the coefficients on year dummies do not exhibit a
clear trend. Thus, we simply take the average of the coefficients on three period
dummies and add it to the constant term.

15 The results are available from the authors upon request.
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are provided in the last two columns of Table 1. The main results
are as follows. Firstly, the forecasts of GDP growth are consistently
lower than the historical averages over 1981-2007 across
countries. In particular, forecasts for the PRC’'s growth at 6.09%
for 2011-2020 and 4.98% for 2021-2030, are substantially lower
than the historical average of 9.35%. Only for Pakistan and the
Philippines do the forecasts exceed the historical average.
Secondly, the forecasts closely track the historical cross-country
variation in GDP growth. The correlation between 2001-2007
average GDP growth and 2011-2020 average GDP growth as
shown in Table 1 is 0.5. For GDP per labor growth, the correlation
between the historical average and our forecast is 0.76. Thirdly, in
all 12 economies, the GDP growth rate is projected to decrease
between 2011-2020 and 2021-2030. This result is driven by the
“convergence” in both factor accumulation and TFP growth.

In general, the projected performance of the 12 Asian
economies explains the cross-country catch-up phenomenon.
The low-income economies of the region are generally expected to
grow faster than the high-income economies. The model predicts
that those that experienced fast growth over the last three decades
would tend to grow slower in the future. These countries include
Hong Kong, China; the Republic of Korea; Singapore; and Taipei,-
China. Meanwhile, the PRC, India, and Viet Nam, which have
generally recorded rising growth rates over the past three decades,
are projected to register slowing growth in the next two decades.
However, countries that might have grown below their potential
growth rates over the past decades would tend to expand more
rapidly than their historical performance. Pakistan and the
Philippines belong to this group.'®

Fig. 3 shows the sources of growth for developing Asia as a
whole and selected individual economies from the 1980s through
2030. On the whole, the contribution of labor is declining as a result
of fertility decline and population ageing. It is only in those
countries which have not yet fully reaped the demographic
dividend, such as ASEANS5, India, and Pakistan, where labor is
expected to continue accounting for a substantial share in GDP
growth. The contribution of education to GDP growth is also
forecast to decline.

In many emerging Asian economies, TFP growth is projected to
contribute more to GDP growth in the next two decades thanin the
past 30 years. This is especially true for Indonesia, the Republic of
Korea, Malaysia, Pakistan, the Philippines, Thailand, and Viet Nam.
In the PRC, the portion of GDP growth explained by TFP growth is
projected to decline over the next 20 years. Nevertheless, TFP
growth will remain an important source of the PRC’s future GDP
growth. TFP growth in Hong Kong, China and Taipei,China are
forecast to remain at about the same rates recorded in the last
three decades.

For most economies in developing Asia, the contribution of
growth in capital stock over the next 20 years is set to decline. This
is because in the earlier years of our sample, capital had been a
major source of growth for these countries, and as the marginal
productivity of capital declines, the contribution of growth in
capital stock to GDP growth tends to fall. The exceptions are
Pakistan and the Philippines, where growth in capital stock
accounted for a smaller share of GDP growth between 1981 and
2007. From 2011 through 2030, this situation is set to improve as
growth in capital stock contributes more significantly to GDP
growth for Pakistan and the Philippines.

16 pakistan and the Philippines have had low growth largely due to institutional
weakness and governance failures. These structural problems may well persist for
decades to come, preventing the catch-up effect to materialize. Our model does not
fully address these problems. Thus, our projections for Pakistan and the Philippines
are best interpreted as an estimate of the potential growth rate that these
economies can achieve when their capacity is fully utilized.

5.2. Reform scenario

As mentioned above, our baseline projection assumes that R&D
stock growth and property rights will remain constant at their
historical means for the next two decades. Changes in the average
years of schooling are based on the assumption that for the
younger population (15-19 and 20-24 years old), primary,
secondary, and tertiary enrolment rates continue to grow over
time according to their respective historic trends and follow a
similar logistic growth path towards the maximum enrolment
rate.!” Population is assumed to grow according to the United
Nation’s medium variant fertility rate assumption. The distribution
of educational attainment among the older age groups (25 years
and above!®)is assumed to be the same as that of the age group five
years younger five years ago. However, these variables may
improve over time, particularly in countries with currently
unfavorable conditions, because there is so much room for
government policy reforms.

In order to examine the potential impacts of policy reforms on
GDP growth, we consider a scenario where all three policy oriented
variables - years of schooling, R&D stock growth, and property
rights — improve at the same time over the baseline case. These are
the same three key variables that determine productivity growth
in the endogenous growth model of Aghion and Howitt (2005).'°
First, the growth rate of R&D stock per worker is adjusted upward
in proportion to the deviation of each country from the per-worker
R&D level of the US. In particular, we assume that the R&D growth
rate in country i increases by following a formula such as
0.02 x (log of per worker R&Dys — log of per worker R&D;). Our
scenario assumes that R&D growth accelerates in each economy in
a pattern consistent with Park (2010).2° For reforms in property
rights, we consider full convergence by 2020 of the property rights
index in each economy to 90, the 2009 level of the US; Hong Kong,
China; and Singapore. For example, the PRC’s property rights index
gains 6.1 points every year to increase from 29 in 2010 to 90 in
2020.2! The index remains constant after 2020. An education
policy reform is assumed such that primary, secondary, and
tertiary enrolment rates across all emerging Asian economies will
continue to grow logistically over time and by 2030, converge to
the best prevailing enrolment rates among them. The same reform
will also result in convergence in primary, secondary, and tertiary
completion rates among emerging Asian countries by 2030 to the
best prevailing completion rates among them, also following a
logistic growth time trend.

GDP growth projections under the reform scenario are reported
in Table 3. As expected, gains from the policy reforms are most
evident among less developed economies with low initial values of
the policy variables. The increase in the GDP growth rate ranges
from 1.2 to 1.8 percentage points in India, Indonesia, Pakistan, the

17 The enrolment rate at time t for level j = primary, secondary, and tertiary is
enrol;, = enrol* /(1 + e~di-bjtimey \where enrol* is the maximum enrolment rate
(i.e., 100); a and b are parameters of the logistic growth curve.

18 For the population 65 years and over, educational attainment is adjusted
following the assumption that mortality rate is higher for less educated.

19 In Aghion and Howitt (2005), countries with productive R&D, high education,
and good property right protection will converge to the growth rate at the
technology frontier, while countries with low R&D, poor education, and low
property rights will stop growing.

20 park (2010) reports that, among OECD economies and the newly industrialized
economies of Hong Kong, China, the Republic of Korea, Singapore, and Taipei,China,
the R&D growth rate is negatively correlated with the log of initial R&D stock
relative to that of the US. When the R&D gap between US and country i is negative,
the R&D growth rate is set equal to the historical average.

21 If the PRC remains as a communist country, the level of PRC’s property right
index may not increase as much as assumed in the scenario by 2020. When the
PRC’s property right is alternatively assumed to increase by 3 points every year to
reach 90 by 2030, the GDP growth rate forecast decreases slightly to be 6.4 percent
for 2011-2020 and 6.0 percent for 2021-2030.
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Sources of GDP Growth, Developing Asia
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Fig. 3. Sources of GDP growth, 1981-2030 (percentage points). GDP = gross domestic product. Note: Developing Asia comprises all 12 countries considered in the paper. The
NIEs comprise Hong Kong, China; Republic of Korea; Singapore; and Taipei,China. ASEAN5 comprise Indonesia, Malaysia, Philippines, Thailand, and Viet Nam.
Source: Authors’ calculations from Heston et al. (2009), ILO (2010), Barro and Lee (2010), and own projections.

Philippines, and Viet Nam, and the gain typically accelerates
between 2011-2020 and 2021-2030. For the four newly industri-
alized economies of Hong Kong, China; the Republic of Korea;
Singapore; and Taipei,China, the increases are much smaller, with
an average of 0.2 percentage points for 2011-2020 and 0.16
percentage points for 2021-2030. For the PRC, the GDP growth rate
increases by about 1 percentage point in each decade.

The increases in GDP growth rates arising from policy reforms
can be decomposed into the contributions of the resulting
improvements in years of schooling, capital per labor, and TFP.
Results from our reform scenario show that increases in TFP growth
can contribute to GDP growth in developing Asian economies

ranging from 0.02 to 0.49 percentage points. India, Indonesia,
Pakistan, the Philippines, and Viet Nam are the major beneficiaries of
higher TFP growth, raising their average GDP growth per year from
2011 to 2030 by at least 0.34 percentage points.

The extent of the contribution of education to GDP growth is
very similar to that of TFP. GDP is forecast to grow by an additional
0.02-0.50 percentage points annually on account of higher years of
schooling in the 12 Asian economies. The contribution of education
to GDP growth is especially large for India, Pakistan, and Viet Nam,
averaging 0.39 percentage points from 2011 to 2030.

The impact of increases in growth in capital per labor on GDP
growth is more diverse across emerging Asian economies. Its
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GDP projections - alternative specifications.
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Baseline projections

Reform scenario

projections

2011-20 2021-30 2011-20 2021-30
China, People’s Rep. of
GDP 6.09 4.98 7.00 6.23
GDP per labor 5.75 5.06 6.66 6.31
Labor input 0.34 —0.08 0.34 —-0.08
Education 0.65 0.15 0.85 0.30
Capital per labor 7.50 7.02 8.93 9.75
Total factor productivity 2.36 2.17 2.58 2.23
Hong Kong, China
GDP 4.40 2.83 4.62 2.92
GDP per labor 3.88 3.44 4.10 3.53
Labor input 0.52 —-0.61 0.52 —-0.61
Education 0.72 0.48 0.86 0.55
Capital per labor 5.62 4.86 5.68 4.90
Total factor productivity 1.20 1.21 1.32 1.24
India
GDP 4.67 4.28 6.13 5.78
GDP per labor 2.94 2.90 4.39 4.40
Labor input 1.73 1.38 1.73 1.38
Education 0.58 0.28 1.77 0.76
Capital per labor 3.56 3.68 4.65 5.74
Total factor productivity 1.16 1.26 147 1.65
Indonesia
GDP 4.66 4.12 6.16 5.82
GDP per labor 3.16 3.08 4.66 4.78
Labor input 1.50 1.04 1.50 1.04
Education 0.46 0.28 1.14 0.54
Capital per labor 3.79 3.84 5.26 6.55
Total factor productivity 1.37 1.37 1.88 1.83
Korea, Rep. of
GDP 4.39 3.42 4.65 3.70
GDP per labor 3.97 3.66 4.23 3.94
Labor input 0.42 -0.24 0.42 -0.24
Education 033 0.29 0.52 0.39
Capital per labor 4.08 3.93 4.33 4.40
Total factor productivity 2.14 1.91 2.19 1.94
Malaysia
GDP 5.51 4.79 6.24 5.59
GDP per labor 3.59 3.41 4.32 421
Labor input 1.92 1.38 1.92 1.38
Education 0.52 0.27 0.92 0.45
Capital per labor 4.02 4.16 4.86 5.72
Total factor productivity 1.67 1.58 1.83 1.65
Pakistan
GDP 6.76 6.33 8.42 7.97
GDP per labor 2.70 2.83 4.36 4.47
Labor input 4.06 3.50 4.06 3.50
Education 0.88 0.49 2.03 0.62
Capital per labor 2.85 3.38 4.36 6.22
Total factor productivity 1.04 1.19 1.40 1.61
Philippines
GDP 5.96 5.53 7.09 6.81
GDP per labor 3.84 3.71 4.98 4.99
Labor input 2.12 1.82 2.12 1.82
Education 0.38 0.30 0.79 0.41
Capital per labor 3.50 3.74 4.65 5.85
Total factor productivity 221 2.03 2.64 2.40
Singapore
GDP 5.24 3.28 535 3.29
GDP per labor 3.65 3.34 3.76 3.35
Labor input 1.59 —0.06 1.59 —0.06
Education 0.63 0.48 0.76 0.46
Capital per labor 5.26 4,71 5.28 4.73
Total factor productivity 117 117 1.19 1.18
Taipei,China
GDP 3.68 2.48 3.89 2.73
GDP per labor 3.78 3.44 3.98 3.69
Labor input -0.09 -0.96 -0.09 -0.96
Education 047 0.30 0.59 0.39

Table 3 (Continued )

Reform scenario
projections

Baseline projections

2011-20 2021-30 2011-20 2021-30

Capital per labor 4.93 4.45 5.17 4.90
Total factor productivity 1.52 1.48 1.56 1.50
Thailand

GDP 4.01 3.58 4.75 4.25
GDP per labor 3.87 3.64 4.60 4.31
Labor input 0.15 —-0.06 0.15 —0.06
Education 0.76 0.52 0.94 0.42
Capital per labor 4.16 4.01 4.94 5.39
Total factor productivity 1.74 1.72 2.06 1.91
Viet Nam

GDP 4.86 3.74 6.43 5.73
GDP per labor 3.73 3.37 5.30 5.36
Labor input 1.14 0.36 1.14 0.36
Education 0.49 0.12 1.20 0.40
Capital per labor 291 3.08 4.86 6.83
Total factor productivity 2.27 2.07 2.63 2.39

Source: Authors’ calculations.
GDP = gross domestic product.

contribution to GDP growth ranges from 0.01 to 1.14 percentage
points per year over the next 20 years. The largest contribution is
recorded in Viet Nam, with GDP growing by an additional 1.14
percentage points annually in 2011-2030. In the PRC, India,
Indonesia, Pakistan, and the Philippines, higher growth in capital
per labor contributes at least 0.60 percentage points to GDP
growth.

These results suggest that through policy reforms, developing
Asia can substantially increase its growth performance and partly
offset the slowdown in growth caused by the convergence
phenomenon.

5.3. Comparison and discussion of GDP projections

Our study’s growth projections are comparable to those of
earlier studies. Table 4 presents our forecasts for GDP growth
relative to the forecasts of three other sources, i.e., Maddison
(2007), Fogel (2007), and Goldman Sachs (Wilson and Stupnytska,
2007).

We find that our GDP growth forecasts are generally higher
than Maddison’s projected GDP growth rates. Apart from the
difference in the average level, however, our forecasts are highly
correlated with Maddison’s: the correlation coefficient is 0.73 with
our baseline projection and 0.80 with our reform scenario
projection. Fogel’s GDP growth projections for the PRC and India
are more optimistic than the results from both our baseline and
reform scenarios. In contrast, GDP growth projections by Goldman
Sachs are on average in between our baseline results and reform
scenario results. The correlation between our forecasts and
Goldman Sachs is not particularly high: the correlation coefficient
is 0.1 for the baseline specification and 0.4 for the reform scenario
specification.

Table 5 presents our forecasts for the levels of per capita GDP
and GDP in 2030, both under the baseline and reform scenario,
along with the actual values in 2007. The PWT 6.3 provides per
capita GDP series in PPP-converted US dollars using 2005 as the
base year, for 1950-2007. By combining the per capita GDP value
for 2007 with our growth forecasts, we extend the per capita GDP
series up to 2030. Total GDP forecasts are simply per capita GDP
forecasts multiplied by total population forecasts.

Under our baseline specification, GDP is forecast to increase
between 2007 and 2030 by 2.7 times, on average, among the 12
developing Asian economies. In particular, GDP in the PRC is
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Table 4
Comparison of projections of GDP growth.
GDP growth
Lee and Hong: Baseline Lee and Hong: Reform Maddison: Fogel: Goldman Sachs:
2011-30 2011-30 2004-30 2001-40 2008-30
China, People’s Rep. of 5.5 6.6 5.0 8.4 5.8
Hong Kong, China 3.6 3.8
India 4.5 6.0 5.7 7.1 6.2
Indonesia 4.4 6.0 35 4.8
Korea, Rep. of 3.9 4.2 2.6 3.2
Malaysia 5.2 59
Pakistan 6.5 8.2 5.0
Philippines 5.7 7.0 5.2
Singapore 43 4.3
Taipei,China 3.1 33 2.8
Thailand 3.8 4.5 29
Viet Nam 43 6.1 7.0

Source: Authors’ calculations from Maddison (2007), Fogel (2007), Wilson and Stupnytska (2007), and own projections.

GDP =gross domestic product.

Table 5
GDP and per capita GDP projections.

GDP ($ 2005 PPP billion)

2007 Actual

2030 Baseline

2030 Reform

Per capita GDP ($ 2005 PPP)

2007 Actual

2030 Baseline

2030 Reform

China, People’s Rep. of 11,250 44,300
Hong Kong, China 301 587
India 4322 12,801
Indonesia 1217 3025
Korea, Rep. of 1151 2707
Malaysia 444 1346
Pakistan 608 2573
Philippines 451 1168
Singapore 203 417
Taipei,China 617 1087
Thailand 612 1463
Viet Nam 319 874

54,984 8511 30,291 37,596
606 43,121 71,756 73,978
17,206 3826 8622 11,590
4166 5186 11,142 15,346
2856 23,850 55,082 58,117
1568 17,891 38,149 44,442
3577 3588 9683 13,463
1487 4791 9388 11,953
422 44,619 76,308 77,235
1138 27,005 45,698 47,866
1684 9406 19,910 22,918
1247 3743 8288 11,828

Source: Authors’ calculations.
GDP =gross domestic product, PPP = purchasing power parity.

forecast to grow 3.9 times, from $11.25 trillion in 2007 to $44.3
trillion in 2030.

The expansion in per capita GDP levels across the region is
likewise substantial. Per capital GDP is projected to increase 2.2
times on average among the 12 countries, and 3.6 times in the PRC.

Using our baseline projections, we estimate the share of the
Asian economies in world GDP through 2030. For historical data
from 1980 to 2007, we use real GDP in 2005 PPP terms from Heston
et al. (2009). From 2008 to 2010, we use GDP growth rates from
IMF (2010). From 2010 onwards, we apply the projected GDP
growth rates under our baseline specification for developing Asian
economies, while we use Maddison’s forecasts for GDP growth for
the world, the US, the European Union, and Japan.??

From Fig. 4, we see that as of 2009 the PRC has become the
largest economy in the world in 2005 PPP terms. In 2009, the PRC’s
share in global output at 18.8% has surpassed the 17.7% share of the

22 A similar analysis has been done in a series of papers by Goldman Sachs.
However, our results are not directly comparable with those of Goldman Sachs
because Goldman Sachs uses the market exchange rate instead of the PPP exchange
rate in converting each country’s GDP into common currency units. The discrepancy
between the market exchange rate and the PPP exchange rate can be substantial. In
the case of the PRC, the PPP exchange rate is about one fourth of the market
exchange rate. Also, according to the Balassa-Samuelson effect, the discrepancy
between the two exchange rates is negatively correlated with the income level. For
example, Frankel (2005) shows that a one percent relative increase in real per capita
GDP is associated with about 0.35% real appreciation of the market exchange rate.
This implies that, when the market exchange rate is used for international
comparisons of GDP, one needs to make adjustments for the real appreciation in
accordance with income growth. Since our forecasts are based on constant PPP
terms, there is no effect of real appreciation on the movement of the GDP share of
each economy.

US and the 18.3% share of the European Union. As the PRC
continues to grow at about 5.5% per year in the next two decades, it
will remain the world’s largest economy, with its share in global
GDP rising to 30.8% by 2030. In contrast, the shares of the US and
the European Union will decline to 15.4% and 13.3%, respectively.

As a whole, Developing Asia will account for roughly a half
(50.6%) of the world economy in 2030. This is almost double the
34.3% share of the region in 2009. India’s share will also grow, but
at a much more modest rate—from 6.9% in 2009 to 9.1% in 2030.
Similarly, Pakistan will account for a larger share of world output in
2030. From 0.9% in 2009, Pakistan’s share will grow to 1.6% in 2030.

100%
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Fig. 4. Share of world GDP (percent, in 2005 PPP terms). GDP = gross domestic
product; PRC=People’s Republic of China; RDA=rest of developing Asia;
JAP = Japan; USA = United States; EU = European Union; ROW = rest of the world.
Source: Authors’ calculations from Heston et al. (2009), IMF (2010), and own projections.
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If, instead, the GDP growth forecasts under our reform scenario
specification prevail in the next 20 years, then the PRC’s share in
2030 will rise to 37.8% of world GDP. India’s share will grow to
12.1% and Pakistan’s share will increase to 2.2%. Developing Asia
will account for a total of 63.5%.

6. Conclusion

The developing Asian region has grown strongly over the past
three decades, but the pace clipped twice: in the 1997/98 Asian
financial crisis and the 2008/09 global financial crisis. Neverthe-
less, the region managed to rebound quickly from both.

Using a growth accounting framework, we examine the factors
that contributed to developing Asia’s rapid economic performance
from 1981 to 2007. We find that the region’s economic expansion
has generally been marked by robust growth in capital accumula-
tion. While labor input, education, and total factor productivity
have on the whole been positive as well, their contributions to GDP
growth have been much more moderate.

We then generated baseline projections of GDP growth for our
sample economies for 2011-2020 and 2021-2030, by combining
the growth accounting framework with regression results for key
components of GDP growth. We find that GDP growth projections
for the next two decades tend to be lower than the historical
performance of the 12 developing Asian economies. Only in
Pakistan and the Philippines did GDP growth projections turn out
to be higher than past figures. Forecasts for 2011-2020 also tend to
be higher than those for 2021-2030, driven largely by the
“convergence” phenomenon.

For Asia to continue growing strongly, economies should either
increase their rates of factor accumulation or raise productivity.
Authorities can implement various reforms to achieve these.
However, the demographic dividend is likely to wane for most
economies in the coming years, so there is not much room for
reform in the area of labor inputs. Education was a small
contributor to GDP growth between 1981 and 2007, particularly
in economies where enrolment and completion rates have fallen
short of best practice rates in the region and in the world. Reforms
to lift enrolment and completion rates could thus raise the
contribution of education to GDP growth in the next 20 years.

The majority of the 12 developing Asian economies have already
registered high rates of capital accumulation in the past three
decades, and the marginal productivity of capital is set to decline. But
if the investment climate is kept attractive, such as through
improvements in property rights protection, capital could continue
to flow into the regional economies. In addition, improvements in
productivity, such as through greater spending on research and
development, could increase GDP growth in 2011-2030. Our
simulation results confirm that improvements in government policy
relating to education, property rights, and research and develop-
ment can increase our projected GDP growth significantly.

Our reform scenario results also show that considerable gains
could be achieved by less developed Asian economies with low initial
values of the three policy variables. For instance, GDP growth will
increase by more than 1 percentage point in the PRC, India, Indonesia,
Pakistan, the Philippines, and Viet Nam. This suggests that policy
reforms can substantially increase developing Asia’s growth perfor-
mance and partly offset the slowdown in growth caused by the
convergence phenomenon. If Asia adopts growth-friendly policies, it
can continue to expand at robust rates in the next 20 years.
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