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Abstract  
The spectacular growth rates in the Asian miracle economies (AMEs) are often attributed to factor 

accumulation whilst ignoring the forces that have been responsible for it. Using data for six AMEs 

over the period from 1953 to 2009, this paper extends the conventional growth accounting exercise 

by allowing for the population growth drag and endogeneity of capital deepening, savings, labor 

force participation and schooling. It is shown that growth has been predominantly a result of the 

demographic transition and productivity growth, where the latter has been driven by R&D, 

knowledge spillovers through imports and R&D absorptive capacity.  
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1. Introduction 

Following the neoclassical revival in the 1990s, capital accumulation has often been regarded as the key 

driver behind the spectacular growth performance of the Asian miracle economies (AMEs), whereas 

technological progress has played only a subsidiary role – the so-called Krugman-Young hypothesis (Krugman, 

1994; Young, 1995; Hsieh, 2002). King and Levine (1994) refer to the capital accumulation hypothesis as 

“capital fundamentalism”. These findings, which are based on growth accounting exercises, suggest that the 

miraculous growth experienced by the AMEs is predominantly driven by transitional dynamics in a neoclassical 

growth framework. In the event that savings-induced transitional dynamics have been the dominant factor for 

growth, the rates of return to capital must have been initially high and then declining along with capital 

accumulation. However, based on calibrations of transitional dynamics under different assumptions, King and 

Rebelo (1993) conclude that transitional dynamics in the Solow growth model cannot account for some 

important sustained cross-country differences in the rates of economic development. Furthermore, King and 

Levine (1994) show that capital accumulation is not a fundamental cause, but is rather a feature, of economic 

growth. 

Although growth accounting exercises have provided useful insights into the sources of growth of the 

AMEs, it is not clear which factors have been responsible for factor accumulation and what are the roles played 

by TFP growth and the demographic transition in explaining factor accumulation since the early 1950s. In 

traditional growth accounting exercises, it is implicitly assumed that factor accumulation is driven by 

exogenous increases in patience, labor force participation rates and investment in schooling. However, there are 

several reasons to believe that TFP growth and the demographic transition have been the influential forces 

behind factor accumulation in the AMEs since WWII.  

First, in the endogenous growth accounting framework described by Barro (1999), Robertson (2002), 

Barro and Sala-I-Martin (2004) and Madsen (2010), capital accumulation responds endogenously to 

technological progress. An improvement in technology leads to the rates of return to capital that exceed the 

required returns among investors, thus initiating the process of capital accumulation. Hence, the contribution of 

capital deepening to growth through changing time preferences is exaggerated in standard growth accounting 

exercises. This view is broadly consistent with the findings of Klenow and Rodriguez-Clare (1997) and Hall 

and Jones (1999) that TFP growth is more important than factor accumulation in explaining growth across 

countries. 

Second, TFP growth and the demographic transition may have been the primary sources of the sharp 

increases in the savings rates of the AMEs while an exogenous shift in time preferences or forced savings may 

have been of only secondary importance. In a habit formation model, Carroll et al. (2000) show that consumers 

increase their savings rate in response to higher income growth. Since consumers’ utilities depend on past as 

well as contemporaneous consumption, a growth spurt will endogenously enhance their savings. They argue 
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that the increasing savings rates in the AMEs have been driven by growth and not the reverse. Furthermore, the 

demographic transition could have further enhanced savings during the take-off periods following the life-cycle 

hypothesis, thus giving little room for exogenous time-preference shifts in explaining the spectacular increases 

in savings rates. 

Third, the increasing educational attainment may have been a result of TFP growth in the first place. 

Bils and Klenow (2000) argue that schooling is caused by growth and not the other way around because the 

return to schooling is a positive function of expected growth. Furthermore, even if schooling is not defined as 

savings in national accounting systems, it is determined by the same factors as the savings-investment decision. 

As such, it follows that schooling could have been driven up by growth-induced savings among households. 

Households ultimately have to make a portfolio decision about their higher savings, including investment in 

schooling. Increasing investment in their children’s education is an optimal diversification strategy for 

households. Although the state provides free primary education and, to some extent also secondary education, it 

is noteworthy that government spending on education in China has been decreasing over the past two decades 

(Hsieh and Klenow, 2010). Furthermore, a large fraction of students in the AMEs have been sent overseas for 

secondary and tertiary education. 

Finally, higher female labor force participation in Asia may have been the result of more work 

opportunities created by technological progress, the adoption of new technologies from abroad, and the 

demographic transition, rather than exogenous changes in work preferences. If technological progress and the 

female labor force have been complementary, it follows that technological progress has increased the demand 

for and the relative wage of female workers, thus resulting in a decline in fertility due to the higher opportunity 

costs of having children. Galor and Weil (2000) argue that these factors were essential in explaining the 

demographic transition and take-off in the Western European countries and their off-spring one century ago.  

 The contribution of this paper is to extend the conventional growth accounting method by allowing for 

the influence of technological progress and the demographic transition on capital deepening, savings, labor 

force participation and human capital in the AMEs (China, India, Japan, Singapore, South Korea and Taiwan) 

(Sections 2-5). While endogenous capital deepening has been mentioned in the literature as an important force 

in the AMEs, its influences have not been explicitly accounted for and no papers, to our knowledge, have 

explicitly accounted for the population growth drag and the endogeneity of the changes in TFP, female labor 

force participation rates, savings rates and schooling investment.  

 Furthermore, the paper examines which factors have been responsible for TFP growth in the AMEs. 

Endogenous growth theories stress that R&D, human capital and international knowledge spillovers are the key 

drivers of productivity growth (Engelbrecht, 1997; Keller, 1998; Guellec and De la Potterie, 2004; Madsen, 

2007, 2008a; Acharya and Keller, 2009). In Sections 5 and 6, it is shown that domestic R&D, distance to the 

frontier, the interaction between R&D and distance to the frontier, and transmission of knowledge through the 
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import channel have been the principal forces behind productivity growth in the AMEs. Section 7 concludes the 

paper. 

 

2. The mechanics of growth 

The transformation of the AMEs from low-income agricultural societies to modern growth regimes is a 

complex process, involving the joint forces of demographic transitions, increased female labor force 

participation, reduced age dependency rates, increased thriftiness, higher education, and, particularly, the 

adaptation and development of new technologies. To gain deeper insights into the economic forces that have 

shaped the success of the AMEs, this section extends the framework of Mankiw et al. (1992) to allow for 

changes in working hours, labor force participation, demographics and land as a separate factor of production. 

In Sections 5 and 6 we examine the forces that have been responsible for factor accumulation. 

 

2.1 Extended growth accounting framework 

 Consider the following constant returns to scale Cobb-Douglas production function: 

 

              ,                  (1) 

 

where Y is output, A is technology, K is capital, T is land and H is quality adjusted labor. This production 

function exhibits constant returns to scale in K, T and H, holding the stock of knowledge constant. However, 

there are increasing returns to scale in K, T, H and A together.  

 Quality adjusted labor inputs consist of human capital per worker (h), annual hours worked (X) and raw 

labor (L), as follows:  

 

 H = hXL,                       (2) 

 

where h is computed following the Mincerian approach: 

 

              ,                  (3) 

 

where edu is educational attainment, defined as the average number of years of schooling among the population 

of working age, and   is the returns to schooling, which is set at 0.07 following the standard practice in the 

literature (Hall and Jones, 1999). 

Using Eq. (2), Eq. (1) can be written in terms of per worker employed: 
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Taking logs and differentiating Eq. (4) in combination with Eq. (3) yields the following labor productivity 

growth (gY/L) function: 
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where gA is the knowledge growth rate, gK/Y is the capital-output ratio growth rate, gT is the growth rate of the 

land area, gX is the growth rate of annual hours worked and n is the employment growth rate. This equation 

shows the sources of labor productivity growth once the endogeneity of capital has been allowed for. 

 In the model, we follow Mankiw et al. (1992) by allowing growth accounting to be expressed in terms of 

the K-Y ratio in order to filter out technology-induced capital deepening, which is only attributed to capital 

deepening under the conventional growth accounting framework (see also King and Levine, 1994). 

Technological progress generates capital deepening because it increases the expected per unit earnings of 

capital and, through the channel of the stock market, brings Tobin’s q in excess of its steady-state value. This 

initiates a capital deepening process that terminates when Tobin’s q reaches its steady-state equilibrium (for an 

exposition, see Madsen and Davis, 2006). Madsen and Davis (2006) and Madsen (2010) show that the K-Y ratio 

is driven by various corporate taxes and tax credits and the required stock returns, which in turn are driven by 

savings preferences. In Sections 5 and 6, it is shown that capital deepening in the AMEs is driven largely by the 

demographic transition and TFP-induced growth.  

Allowing for technology-induced capital deepening is not only consistent with economic growth models 

and asset market models but is also in line with the history of economic development. Using historical records 

from the early 20
th

 century for the largest economies in the world, Clark (1987) shows that no productivity 

advances were derived from investment in modern technology in China, India and Japan. The textile industry 

investigated by Clark (1987) adopted the same technology throughout the world, and yet it was relative 

productivity that reflected relative living standards and not the quality of equipment or whether some countries 

invested in more capital than others. Thus, it appears that investment in fixed capital was not a sufficient 

condition for a high income level. As argued by Lucas (1993), an injection of new capital into an economy does 

not automatically translate into higher growth. Technological knowledge, education and R&D are required to 

make full use of the additional fixed capital. 

Population growth is a drag on per capita growth because of diminishing returns introduced by land as a 

semi-fixed factor of production. In contrast to reproducible capital, land cannot easily be expanded in response 

to higher returns to land induced by population growth. When a factor of production is inelastic in supply, it is 

not the quantity of the factor that responds to higher demand but its price in the steady state. Reproducible 

capital will automatically respond to population growth through the Tobin’s q mechanism so that the K/L ratio 

remains unaffected by population growth along the balanced growth path. In an agrarian economy, population 

growth will reduce per capita output provided that additional labor is not channeled into the R&D sector. As the 

economy develops,   approaches zero and population growth becomes unimportant for growth. For Singapore, 
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  has been virtually zero throughout the whole sample period covered in this study (1953-2009), but it was 

quite high in China, Japan and Korea during their early stages of development.  

 Thus far we have not made any distinction between output per capita and output per hour worked since 

they are identical along the balanced growth path. However, since labor force participation and age dependency 

rates have changed substantially in Asia during the transitional period, it is useful to decompose per capita 

output as follows: 
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where Pop is the size of the population and PopWa is the population of working age. Log differentiating yields 

the per capita growth rate: 

 

                      ,                           (7) 

 

which shows that per capita income growth is the sum of the labor productivity growth rate (gY/L), the growth in 

the labor force participation rate (gLfp), and the growth in the fraction of the population of working age (gAge).

 Combining Eqs. (5) and (7) yields the complete growth equation that will be used in the growth 

accounting exercise, as follows: 
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where per capita income growth is the result of TFP growth, growth in the K-Y ratio, growth in the land area 

under cultivation, change in schooling, growth in annual hours worked, population (employment) growth drag, 

growth in labor force participation and growth in the fraction of the working age population. Barriers to capital 

accumulation are not considered here (see, for an exposition, Landon-Lane and Robertson, 2007, 2009).  

 

3. Data and graphical analysis 

The estimates of capital’s income share, α, are based on the estimates of Caselli and Feyrer (2007) in 

which capital income is purged of payments to the self-employed and land rent. To ensure that the results are 

not driven by our preferred measure of factor shares, alternative estimates are undertaken using a fixed capital 

share of 0.3 and Young's (1995, 2003) estimates. It is assumed that factor shares are constant over the whole 

period, which is not a strong assumption since the factor shares estimated by Young (1995, 2003) have been 

quite stable over the considered period. Even if our preferred capital income measure attributes a slightly lower 

share of income to capital than Young's (1995, 2003) estimates, our income share estimates are still on the high 

side given that interest on bonds, which is included as capital income in national accounts, represents returns to 

bonds and, as such, does not reflect the returns to capital. Our estimates of capital’s share for China and 
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Singapore appear to be somewhat different to Young’s. To put Young’s estimates of capital’s share of 

approximately 0.5 for China and Singapore into perspective, consider the implied return to capital. Using our 

estimates of average Y/K ratios of 1 for Singapore and 0.7 for China over the period considered, the returns to 

capital before taxes are 27% and 42%, respectively. Clearly these numbers are well in excess of the weighted 

average cost of capital, which is the relevant measure of the cost of capital. Thus, the capital income shares used 

here are on the high side, implying that excessive weight is put on capital’s contribution to growth as seen from 

Eq. (8).  

The key variables are displayed in Figure 1. Construction of variables and data sources is discussed in 

the Data Appendix. First consider the trends in TFP (A) and per capita output (Y/Pop), which have both been 

steadily increasing over time. The cross-country dispersion of TFP has fallen over time. However, per capita 

income does not appear to have converged over time as India has failed to catch up to the other countries. 

Today, India’s TFP is almost as high as China’s and yet its per capita income is significantly lower than that of 

China. The main cause of this discrepancy is that India has a much higher marginal productivity of capital than 

other countries, as reflected in a relatively high Y-K ratio. From Eq. (4) it can be seen that low labor 

productivity is associated with a high Y-K ratio. India’s high marginal productivity of capital in the pre-

liberalization period of 1953-1990 suggests that investment was predominantly driven by public sector 

investment. The ratio of public to private investment during this period fluctuated between 2.24 and 7.32. As 

the return to capital in India converges to that of the other countries, per capita income will start converging as 

well. Thus, return-induced capital deepening is likely to be influential for growth in India in the future. 

The K-Y ratio has been increasing over time for all countries. Japan’s K-Y ratio probably reached its 

steady state level of 2.5 in 1990, which is comparable to the contemporary K-Y ratios in the mature OECD 

countries. Assuming that the steady-state K-Y ratio is about 2.5, other AMEs still have some way to go to reach 

their balanced growth K-Y ratio, particularly India. Annual hours worked, X, has generally decreased over time 

along with increasing per capita income. The decrease has been up to 30% over the period considered and, as 

such, has reduced per capita output growth. The steep decline in hours worked in Japan since 1990 may reflect a 

change towards work sharing to prevent more unemployment, although the equilibrium unemployment rate, 

according to the natural rate hypothesis, is invariant to the labor supply.  
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Figure 1: time series plots of key variables (1953-2009). 

  

  

  

  
Notes: Data sources are described in the Data Appendix. A = TFP, Y/pop = per capita real GDP, K/Y = capital-output 

ratio, X = annual hours worked, n = population growth, Lfp = labor force participation rate, and Age = the fraction of the 

population of working age. 
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The growth rates in employment, n, have decreased in most countries over the years, reflecting falling 

population growth rates.
1
 This has been an important factor behind the transformation from the post Malthusian 

growth regime to the modern growth epoch. Due to the diminishing returns introduced by land as a semi-fixed 

factor of production, population growth has, until recently, acted as a growth drag in the AMEs. An exception is 

Singapore where the employment growth rate has fluctuated around a relatively constant mean as a result of 

cyclical movements in foreign workers employed on a casual basis or on short-term contracts.  

The labor force participation rate (Lfp) is estimated as the share of the working age population that is in 

the labor force. The participation rates have generally increased; however, there has been a large disparity 

across countries. China, Japan, Korea and Singapore have experienced increasing rates over most of the period, 

predominantly as a result of the increasing female participation. Conversely, India has experienced a decreasing 

rate for most of the period. According to Rao (2006), this reflects increasing female attendance at educational 

institutions, few job opportunities and a general withdrawal from the labor force.  

Finally, apart from Japan, the fraction of the population of working age has risen, thus contributing to 

the increasing per capita income. The increase has been particularly steep over the period from 1965 to 1990 for 

China, Korea, Singapore and Taiwan. The age profile will reverse somewhat in the future following Japan’s 

lead and will, temporarily, slow the per capita growth rate. For India, however, this may take a long time. 

 

4. Accounting for Growth 

Table 1 decomposes per capita income growth into its components following Eq. (8). All figures are 

annualized growth rates. 1973 is chosen as the benchmark because it marks the first oil price shock and the 

period in which a large demographic transition is well underway. The reduction in agricultural land use has 

hardly affected growth, which is not surprising given that it has not changed much over time. Population 

(employment) growth rates have been a drag on the economies throughout the whole period, particularly before 

1973 in China, India and Korea. The population growth drag is now approaching zero as land becomes an 

unimportant factor of production and as the population growth rates approach zero. The reduced age 

dependency rate has increased growth by approximately 0.5 percentage points annually over the entire period in 

China, Korea, Singapore and Taiwan. The reduced age dependency, which reflects reduced fertility in the wake 

of the demographic transition, will reverse itself as the working age cohort starts retiring – a trend that has 

already started in Japan in 1993 (see Figure 1).  

 

 

                                                 
1
 For a given age dependency ratio and labor force participation rate, employment echoes population without exerting any change in 

real wages in the general equilibrium. According to the natural rate hypothesis, a decreasing labor supply puts upward pressure on 

wages in the short run, and this leads to a corresponding reduction in employment. In the long run, reduced employment lowers the 

marginal productivity of capital. This results in a lower capital stock to such an extent that wages return to their initial level. See 

Blanchard (1988) for an exposition.  
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Table 1: Sources of growth in miracle economies (Eq. (8))  

  Contribution by component 

 

Growth 

of 

output 

per 

capita  

T
F

P
 

C
ap

it
al

 

d
ee

p
en

in
g

 

L
an

d
 a

re
a 

E
d
u
ca

ti
o
n
al

 

at
ta

in
m

en
t 

H
o
u
rs

 

w
o
rk

ed
 

E
m

p
lo

y
m

en
t 

L
ab

o
r 

fo
rc

e 

p
ar

ti
ci

p
at

io
n

 

P
ro

p
o
rt

io
n
 o

f 

w
o
rk

in
g
 a

g
e 

p
o
p
u
la

ti
o
n

 

 Y/pop A K/Y T       X n Lfp Age 

China          

1953-1973 3.599 1.065 1.646 0.020 0.334 0.000 -0.133 0.711 -0.043 

1953-2009 5.730 3.715 0.997 0.035 0.382 -0.185 -0.114 0.482 0.419 

India          

1953-1973 1.187 1.399 0.267 0.002 0.088 0.021 -0.025 -0.537 -0.028 

1953-2009 2.406 2.161 0.230 0.001 0.205 0.004 -0.027 -0.344 0.175 

Japan          

1953-1973 7.719 5.925 0.833 -0.002 0.290 0.337 -0.011 0.025 0.321 

1953-2009 4.150 3.230 0.638 -0.004 0.309 -0.204 -0.006 0.135 0.053 

Korea          

1953-1973 4.792 0.769 1.893 0.004 0.314 0.409 -0.049 1.253 0.199 

1953-2009 5.022 2.113 1.299 -0.003 0.458 -0.016 -0.034 0.713 0.491 

Singapore          

1953-1973 4.665 -0.047 4.556 -0.001 0.296 -0.194 -0.003 -0.481 0.539 

1953-2009 4.413 0.869 2.469 -0.004 0.394 -0.163 -0.003 0.351 0.501 

Taiwan          

1953-1973 5.889 5.679 0.201 0.002 0.194 -0.056 -0.017 -0.685 0.572 

1953-2009 5.306 4.503 0.410 -0.007 0.416 -0.426 -0.012 -0.117 0.540 
Notes: the data are annualized geometric growth rates. Capital’s shares are based on the measure suggested by Caselli and Feyrer 

(2007). 

 

Non-TFP-induced capital deepening, as represented by the increasing K-Y ratios, has, on average, 

contributed to about 1 percentage point annual growth during the period 1953-2009. This figure represents 

approximately 20% of the average per capita growth rate during the same period. Had the endogenous response 

of capital deepening to TFP growth not been taken into account, we would have arrived at the conclusion that 

capital deepening has, on average, contributed 2.1 percentage points to per capita growth. Changing labor force 

participation rates have contributed positively to growth in China, Korea and Singapore (on average 0.5 

percentage points during the entire period), while their contribution has been slightly negative for India and 

Taiwan. On average, the labor force participation rate has increased moderately and contributed 0.2 percentage 

points to annual growth rates. Increasing educational attainment has, on average, accounted for about 0.4 

percentage points of the annual growth rates and the growth effects have been strongest in the post 1973 period.  

TFP has contributed the lion’s share of per capita growth in China, India, Japan and Taiwan. The TFP-

induced growth rates have been bordering on the miraculous for all the countries considered, particularly China 

and Taiwan. They are well above the rates experienced in the mature OECD countries since the industrial 

revolution. Although Korea and Singapore have experienced relatively less impressive TFP growth rates over 
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the entire period 1953-2009, their post 1973 rates have been impressive. Singapore’s TFP growth rates are 

likely to have been understated because of the exaggeration of investment during some of the periods (Hsieh, 

2002). Taking all these factors into account the TFP growth rates of these economies have been truly 

spectacular and are consistent with Robertson’s (2002) finding that growth in the Asian miracles has been 

driven more by TFP than capital deepening, noting that his results were based on Young’s (1995) data.  

Japan is an interesting case because it is often presented, in macroeconomics textbooks, as an example 

of the importance of transitional dynamics for growth. The destruction of capital stock during WWII, the story 

goes, brought the K-Y ratio well below its steady-state level, which in turn placed Japan on a capital deepening 

growth path. The calculations in Table 1 show that Japan’s post WWII increase in the K-Y ratio has not been 

unusual compared to the other Asian countries, noting that war damage to 25.7% of the 1945 capital stock has 

been allowed for in the estimates. These show that the Japanese growth miracle in the early period was driven 

predominantly by TFP growth and not by capital deepening. 

 

4.1 Comparison with Young’s estimates 

 The result that TFP growth has been the main driving force behind the high per capita income growth 

rates stands in contrast to the findings of Young (1995, 2003) who concluded that factor accumulation was the 

prime mover of the spectacular growth rates in the AMEs. This raises the question whether the discrepancy is 

due to the different methods used to estimate factor shares, and the different period covered, or that we have 

accounted for the TFP-induced increase in capital stock whereas Young (1995, 2003) has not. Table 2 

decomposes growth into its sources following Eq. (8), using the three alternative measures of capital’s share  

presented in the first paragraph of this section, focusing only on the period considered by Young (1995), 

namely, 1966-1990.  

The results show that the data period and the choice of factor shares have not driven the outcomes in 

Table 1. TFP’s growth contribution is quite insensitive to the choice of factor shares except for Singapore where 

the contribution of TFP to growth is much higher when capital’s share is fixed at 0.3 than when the other 

measures are used. Changes in the Y-K ratio have, on average for all countries, contributed 1.3 (ours), 1.6 

(Young’s) and 1.0 (fixed at 0.3) percentage points to growth, again showing that the results are not quite 

sensitive to the measurement of factor shares. Remarkably, the joint effects on growth of increasing labor force 

participation and reduced age dependency exceed the growth effects of capital deepening, suggesting that the 

demographic transition has played an important role in the transformation into the modern growth regime. 

Furthermore, and most importantly, using the factor shares estimated by Young (1995, 2003) yields the result 

that TFP growth has, on average, contributed 2.8 percentage points to growth, while our method yields a 

corresponding number of 2.6 percentage points (section A in Table 2). Thus, our results have not been driven by 

the data period or the method used to derive the factor shares. 
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Table 2: Comparison with results based on alternative estimates of capital shares (1966-1990) 

  Contribution by component 
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 Y/pop A K/Y T       X L Lfp Age 

A. Adjusted capital shares (Caselli and Feyrer, 2007) 

China 5.376 3.184 0.718 0.081 0.397 0.000 -0.144 0.365 0.776 

India 2.286 2.128 0.046 0.001 0.273 -0.070 -0.031 -0.279 0.217 

Japan 4.485 3.415 0.866 -0.006 0.380 -0.315 -0.008 0.072 0.081 

Korea 7.138 2.824 1.709 -0.003 0.657 0.488 -0.038 0.431 1.071 

Singapore 6.715 0.292 3.887 -0.007 0.372 -0.219 -0.004 1.152 1.242 

Taiwan 6.843 5.124 0.619 -0.008 0.487 -0.676 -0.018 0.396 0.919 

B. Capital shares based on estimates of Young (1995, 2003) and Gollin (2002) 

China 5.376 2.273 1.750 0.197 0.367 0.000 -0.352 0.365 0.776 

India 2.286 2.250 0.140 0.009 0.246 -0.063 -0.234 -0.279 0.217 

Japan 4.485 3.182 1.114 -0.012 0.377 -0.312 -0.016 0.072 0.081 

Korea 7.138 2.724 1.864 -0.006 0.649 0.481 -0.076 0.431 1.071 

Singapore 6.715 0.293 3.887 -0.007 0.372 -0.219 -0.004 1.152 1.242 

Taiwan 6.843 5.104 0.672 -0.019 0.483 -0.671 -0.041 0.396 0.919 

C. Capital shares fixed at 0.3 

China 5.376 3.458 0.537 0.170 0.374 0.000 -0.304 0.365 0.776 

India 2.286 2.217 0.174 0.009 0.246 -0.063 -0.235 -0.279 0.217 

Japan 4.485 3.343 0.946 -0.009 0.378 -0.313 -0.012 0.072 0.081 

Korea 7.138 2.932 1.721 -0.010 0.639 0.474 -0.121 0.431 1.071 

Singapore 6.715 2.462 1.722 -0.011 0.372 -0.219 -0.006 1.152 1.242 

Taiwan 6.843 5.003 0.800 -0.028 0.480 -0.667 -0.060 0.396 0.919 
Notes: the data are annualized geometric growth rates. Gollin’s (2002) estimates are used for India and Japan in panel B of the table.  

 

5. Endogenous factor accumulation 

 The extended growth accounting exercise is only half of the story in that all the variables, at least to 

some extent, are endogenous and partly a function of the growth and development process, as discussed in the 

introduction. The focus in this section will be to disentangle the effects of technological progress and the 

demographic transition on growth in the K-Y ratio, savings rate, growth rate of labor force participation, and the 

effects of innovations on productivity growth. Attempts have not been made to explain hours worked since the 

quality of these data is poor and official working hours data do not account for the working hours of the self-

employed, professionals and agricultural workers, thus limiting how much we can learn from such regressions.  
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5.1 Knowledge-driven TFP growth 

The finding that TFP has been the main source of growth and has, on average, accounted for almost 2/3 

of per capita growth in the AMEs begs the question as to which knowledge variables have been responsible for 

growth and whether they will continue to produce high growth rates in the future. To that end, the following 

model is estimated:  

 

                            ⁄    
       ⁄    

                  
  

           [    ⁄         
 ]              ,               (9) 

 

where the superscripts D and F refer to domestic and foreign, respectively;   is the five year first-difference 

operator; DTF is distance to the frontier, which is measured as the ratio of TFP in the US and TFP for country i; 

(R/Y) is research intensity, measured by the ratio of real R&D expenditure to real output; M is nominal imports 

of goods; Y
n
 is nominal income; S

F
 is knowledge spillovers through imports; R is real R&D expenditure; h is 

human capital; and e is a stochastic error term. 

The prediction of the first-generation endogenous growth models that TFP growth is proportional to the 

level of R&D expenditure is not allowed for in the model, following Jones' (1995) critique. Jones (1995) shows 

that the first-generation endogenous growth theories are inconsistent with the empirical observation by pointing 

out that TFP growth in the US has not increased in the post WWII period despite a marked increase in the 

number of R&D workers. Initial model checks revealed that there was no relationship between TFP growth and 

the level of R&D for the AMEs. The predictions of the second-generation growth models, including semi-

endogenous and Schumpeterian growth theories, overcome Jones' (1995) critique.  

These two leading second-generation models have quite different implications for growth. As shown by 

Ha and Howitt (2007), Ulku (2007), Madsen (2008b) and Venturini (2012, 2013), Schumpeterian theory 

predicts that TFP is growing proportionally with research intensity, where R&D expenditure is divided by 

income to allow for product proliferation and increasing complexity of new innovations as TFP increases 

(Aghion and Howitt, 1998; Peretto, 1998; Howitt, 2000, Peretto and Smulders, 2002; Ha and Howitt, 2007). 

Growth can still be sustained in the Schumpeterian framework if R&D is kept at a fixed proportion of the 

number of product lines, which is in turn proportional to the size of the population in the steady state. As such, 

to ensure sustained TFP growth, R&D has to increase over time to counteract the increasing range and 

complexity of products that lower the productivity effects of R&D activity. Similarly, the Schumpeterian model 

of Vandenbussche et al. (2006) predicts that TFP growth is proportional to the logs of educational attainment, 

which implies that growth will remain positive as long as the labor force has some education and that growth is 

proportional to educational attainment. Semi-endogenous growth theory, by contrast, abandons scale effects in 

the ideas production. This implies that TFP growth is proportional to growth in R&D and educational 
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attainment. Under this framework, levels of R&D and educational attainment have no permanent growth 

effects.  

 Following Engelbrecht (1997), Keller (1998) and Madsen (2007), TFP growth is related to growth in 

international knowledge through the channel of imports. Several empirical studies have found evidence in favor 

of knowledge spillovers through imports (Engelbrecht, 1997; Keller, 1998; Guellec and De la Potterie, 2004; 

Madsen, 2007, 2008a; Acharya and Keller, 2009). The DTF-term captures the idea that there are benefits of 

technological backwardness following the historical analysis of Gerschenkron (1952). Barro and Sala-I-Martin 

(2004, Ch. 8), for example, argue that the effective cost of innovation and technology adoption falls, the further 

a country is from the technology frontier. Distance to the frontier also impacts on TFP growth through the 

interaction with educational attainment or research intensity. In the Schumpeterian model of Howitt (2000), a 

country takes advantage of its backwardness directly through distance to the frontier and indirectly through its 

interaction with R&D. In Howitt's (2000) model, it is R&D intensity that draws a country to the technology 

frontier and the higher the research intensity, the faster it converges.  

 Of course, we could have gone one step further by investigating what fundamental factors have driven 

human capital and R&D in the first place. These factors are considered by Acemoglu et al. (2001), Galor 

(2005), Grafton et al. (2007) and Knowles and Owen (2010). However, it is beyond the scope of this paper to 

address this issue. The focus of this paper is to investigate the proximate channels through which the AMEs 

prospered because this has important implications for development policies.  

 

5.2 Savings rates  

In standard general equilibrium macro models, the K-Y ratio is determined by time preference, constant 

parameters, and taxes (Madsen, 2010). However, it is difficult to believe that time preference has more than 

halved in the AMEs during their take-off period. The increasing savings rate is much more likely to have been 

driven by age dependency rates and growth through habits in consumption as consumers seek to smooth growth 

in consumption over their life cycle, and not the level of consumption as implied by standard utility functions 

without habits. Habits have been influential in explaining the equity premium puzzle and the effects of 

monetary policies (Carroll et al., 2000). In the model of Carroll et al. (2000), utility is determined by current 

consumption relative to consumption in the previous period because consumers are stimulated by the growth in 

consumption relative to their habits and not by the increase in consumption only as in conventional utility 

functions. Their habit model implies that consumers are slow to adjust their consumption habits to accelerating 

income.  

 Incorporating habits into an endogenous growth model Carroll et al. (2000) show that the steady-state 

growth effect on savings is given by: 

 



 15 

 
  

  
 

       
  

  

  ,                (10) 

 

where s is the savings rate, A is the level of technology, g is the growth rate, and δ is the depreciation rate on 

fixed capital. Using plausible parameter values, Carroll et al. (2000) find that Eq. (10) is positive, implying that 

saving rates are increasing with higher growth rates.
2
 

According to the life-cycle hypothesis, another factor that is influential for savings is changing age 

dependency (see, for example, Bloom and Williamson, 1998). The marked reduction in age dependency rates in 

the AMEs during the period considered would automatically increase savings rates because the earnings of 

working-age individuals exceed their permanent income. Allowing for the influence of growth and age profile 

on savings the following model is estimated:  

 

 (
 

 
)
  

            
                 ,             (11) 

 

where S/Y is the gross savings rate measured as total gross savings, S, divided by nominal GDP, e is a stochastic 

error term, and AgeDep is the age dependency rate defined as the fraction of the population outside working 

age. The savings rate is not in logs since it is negative for Singapore at the beginning of the estimation period. 

Endogeneity of growth is allowed for in the empirical estimates. 

 

5.3 Female labor force participation rate 

Industrialization is often associated with higher female labor force participation because of female-

biased technological progress and because industrialization is often related to higher life expectancy (Galor and 

Weil, 2000; Soares and Falcão, 2008). Industrialization increases the demand for fine motor skills in which 

women have a comparative advantage, and, consequently, this tends to narrow the wage gap between males and 

females (Galor and Weil, 1996). This increases the opportunity costs of having children, which results in a 

decline in fertility and an increase in female labor force participation (Galor and Weil, 1996; Soares and Falcão, 

2008). Since manufacturing production and services have played key roles for growth in the AMEs, 

productivity growth-induced demand for females is likely to have been particularly important for these 

countries.  

 Life expectancy influences female labor force participation through returns to market oriented human 

capital. Longevity-induced returns to investment in human capital increase investment in human capital and the 

cost of time and, consequently, the opportunity costs of having children. Soares and Falcão (2008) show that 

both effects increase female labor force participation rates. However, they show that life expectancy at birth 

                                                 
2
 As shown by Chen et al. (2006) in a standard Ramsey model the savings rate is a positive function of the TFP growth rate because 

the TFP-growth increases returns to capital. This mechanism will only be active during the transitional period since capital deepening 

will drive returns down to their initial level in the steady state. 
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need not increase female labor force participation because reductions in child mortality increase the returns to 

investment in children and, therefore, the return to time spent at home. Thus, we consider life expectancy at 

ages 5, 10 and 15 instead. 

 Allowing for these factors suggests that the female labor force participation rate, Lfpf, depends on 

growth and life expectancy as follows: 

 

         
               

                  ,                       (12) 

 

where LexpX is life expectancy at the age of X, where X = 5, 10, 15.  

 

5.4 Educational attainment 

In an important article, Bils and Klenow (2000) show that expected growth is influential for expected 

returns to schooling. They show that the optimal years of schooling, S*, is given by: 

 

      
 

   
  *

 

       
+,                 (13) 

 

where r is a constant interest rate, θ is, again, the returns to schooling following the Mincerian approach, g is the 

productivity growth and T is the number of years that the individual is expected to stay in the labor force. Using 

some algebra it can be shown that 
   

      
  , i.e., the number of years of schooling that optimizes life income 

is positively related to the expected growth rate but is negatively related to the real interest rate. With a real 

interest rate of, say, 3 percent and returns to schooling of 7 percent, Eq. (13) implies that an increase in the 

expected perpetual growth rate from 1 to 4 percent increases the optimal length of schooling by 3.5 years. 

Conversely, if the expected growth rate is 3 percent, an increase in the real interest rate from 1 to 4 percent 

lowers the optimal length of schooling by 3.5 years.  

 Another reason for expecting a positive relationship between growth and schooling is that growth-

induced savings increase investment in education along with investment in other assets. If the real return to 

education is approximately 7 percent, it compares well with other investments. Furthermore, since educated 

individuals are less affected by unemployment in downturns than their less educated counterparts (Mincer, 

1991), it follows that the returns to schooling are countercyclical. Thus, a negative risk premium to schooling 

returns is incurred, noting that risk in the consumption CAPM depends on the covariance between consumption 

growth and growth in the returns to education. Furthermore, the savings-induced increase in schooling will be 

reinforced if credit constraints prevent privately funded schooling. 

 From Eq. (13) it follows that schooling is a positive function of life expectancy and growth: 

 

                        
                  ,            (14) 
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where GERZ is the gross enrolment rate at the educational level Z, where Z = primary, secondary or tertiary 

education, and the gross enrolment rate is the fraction of an age cohort attending school, and LexpW is life 

expectancy at the age of W, where W = 5, 10 and 15. Thus, life expectancy at the age of 5 is likely to influence 

the schooling decision at the primary schooling level, and so on. Although the model predicts a negative 

relationship between the GERZ and the real borrowing rate, the interest rate has been omitted here because it 

was consistently insignificant. 

 

6. Empirical estimates 

6.1 Estimation methods 

 The model is estimated using a pooled cross section and time series panel for China, India, Japan, 

Korea, Singapore, and Taiwan over the period from 1954 to 2009. The SUR and the 3SLS estimators are used 

and the estimates are in five-year non-overlapping intervals to filter out business cycle influences. Country and 

time dummies are included in all regressions. The 3SLS estimator allows for endogeneity and contemporaneous 

correlation between the residuals across equations. The procedure involves the following steps: (1) generate the 

predicted values from regressions for each endogenous variable on all exogenous variables, which are taken to 

be instruments, in the system; (2) retrieve the covariance matrix based on the above 2SLS estimation; and (3) 

perform the GLS estimation using the covariance matrix obtained in the previous step.  

 

6.2 Estimation results  

6.2.1 TFP growth regressions 

The results of regressing Eq. (9) are displayed in Table 3. Domestic R&D is lagged one period in the 

SUR regressions to reduce the possible endogeneity bias. The coefficients of educational attainment are 

insignificant in most cases, which may reflect measurement errors as education is likely to have positive growth 

effects; however, it is noteworthy that there is not much evidence in the literature of strong growth effects of 

human capital (see, for example, Engelbrecht, 2003). Including the level of human capital does not render the 

coefficient of human capital significant (the results are not shown). This baseline regression in the first column 

shows that both domestic and foreign R&D are important determinants of TFP growth. First, the coefficient of 

research intensity is highly significant in explaining growth. Second, the interaction between research intensity 

and distance to the frontier enters the regressions significantly. Third, the estimated coefficients of knowledge 

spillovers through imports are significant. Overall the estimated coefficients of the knowledge variables are 

consistently highly significant, suggesting that R&D has played a significant role for growth in the AMEs.  
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Table 3. Parameter estimates of Eq. (9) 

 (1) (2) (3) (4) (5) (6) (7) (8) 

 
Baseline 

model 

Capital 

shares 

fixed at 

0.3 

Young-

Gollin’s 

capital 

shares 

Annual 

data 

Alternative 

sample 

period 

from 1975 

3SLS 

estimates 

Per capita 

growth 

regression 

Per capita 

growth 

regression 

            
0.156** 

(0.034) 

0.103* 

(0.094) 

0.170** 

(0.013) 

0.075*** 

(0.001) 

0.139* 

(0.056) 

0.534*** 

(0.004) 

0.168** 

(0.010) 

0.161*** 

(0.006) 

         
0.282*** 

(0.000) 

0.254*** 

(0.000) 

0.207*** 

(0.001) 

0.215*** 

(0.003) 

0.357*** 

(0.000) 

0.198* 

(0.095) 

0.205*** 

(0.000) 

0.294*** 

(0.000) 

    
 

 
   
   

0.034** 

(0.015) 

0.029** 

(0.019) 

0.032** 

(0.011) 

0.035** 

(0.029) 

0.038** 

(0.035) 

0.081*** 

(0.003) 

0.025** 

(0.038) 

0.033*** 

(0.002) 

  
 

 
   
          

0.013*** 

(0.001) 

0.011*** 

(0.001) 

0.010*** 

(0.001) 

0.015*** 

(0.000) 

0.017*** 

(0.001) 

0.014** 

(0.018) 

0.009*** 

(0.004) 

0.013*** 

(0.001) 

      
  

 

0.001*** 

(0.001) 

0.001*** 

(0.001) 

0.001*** 

(0.001) 

0.017*** 

(0.000) 

0.001*** 

(0.007) 

0.002** 

(0.048) 

0.001*** 

(0.000) 

0.001*** 

(0.001) 

 [            
 ]  

0.022*** 

(0.000) 

0.035*** 

(0.000) 

0.023*** 

(0.000) 

0.003*** 

(0.006) 

0.036*** 

(0.000) 

0.039** 

(0.049) 

0.027*** 

(0.006) 

0.027** 

(0.048) 

       
-0.142 

(0.861) 

0.177 

(0.797) 

-0.343 

(0.637) 

0.146 

(0.303) 

1.610* 

(0.053) 

0.218 

(0.861) 

-1.820 

(0.104) 
 

                
0.279*** 

(0.000) 
 

              
-0.107*** 

(0.003) 

-0.156*** 

(0.000) 

              
0.561*** 

(0.005) 

-0.048 

(0.845) 

           
-0.775*** 

(0.000) 

0.313** 

(0.046) 

                
1.274*** 

(0.000) 
 

                 
1.250*** 

(0.001) 

1.610*** 

(0.000) 

            
        

-0.637 

(0.361) 

Notes: the numbers in parentheses are p-values. Variables in first-differenced form provide estimates in five-year differences whereas 

those in levels give five-year moving averages. Time dummies are included in the estimation but the results are not reported. *, ** and 

*** signify 10%, 5% and 1% levels of significance, respectively. R&D intensity and growth in real R&D expenditure are treated as 

endogenous in the regression in column (6) and are specified as a function of TFP growth, physical capital growth, growth and levels 

of human capital, and international knowledge spillovers. Lexpavg is the average of life expectancy at 5, 10 and 15 years of age. 

 

The estimates remain quite similar to the baseline regression when a fixed capital share of 0.3 is applied 

to all countries (column (2)). Column (3) reports the TFP growth estimates based on the capital shares of Young 

(1995, 2003) and Gollin (2002). As in the previous case, the estimates are by and large similar to those of the 

baseline model, suggesting that the results are not sensitive to the use of alternative capital shares. Using annual 

data in the estimation, the results in column (4) are in line with the regressions in the first three columns. The 
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coefficients of the R&D variables remain highly significant when the estimation period is limited to the post 

1973 period and the coefficients are slightly higher than their full-period counterpart (column (5)). This 

indicates that the coefficients for the entire period may have been slightly biased towards zero due to errors-in-

variables since the quality of the data is probably substantially better in the post 1973 period than earlier. 

The regression in column (6) is based on the 3SLS approach under the assumption that both R&D 

intensity and growth in real R&D expenditure are endogenous. These variables are specified as a function of 

TFP growth, physical capital growth, growth and levels of human capital, and international knowledge 

spillovers. The results are largely in line with those of the baseline model, suggesting that those in the first five 

columns are unlikely to be influenced by endogeneity bias. Column (7) reports the per capita growth estimates 

to investigate the extent to which growth is influenced by the variables used in the growth accounting exercises 

and to examine whether the TFP-regressions have been influenced by the imposed factor shares. The 

coefficients of the domestic and foreign R&D variables remain highly significant. Moreover, the coefficients of 

the variables included in the growth accounting Eq. (8), except land, are all highly significant and are of the 

right signs. These results are important because they show that the growth effects of domestic and foreign R&D 

are insensitive to whether growth in TFP or per capita income is used as the dependent variable. Furthermore, 

the significance of K, X, n, Lfp, and Age indicates that these variables are not only affecting growth through an 

imposed accounting relationship but are genuinely important for growth. These results also suggest that they are 

measured with reasonable precision apart from land which is significant but of the wrong sign, which may 

reflect that the identifying time-variation in land is too low to get precise coefficient estimates.  

 Finally, the reduced form regression, in which capital, labor force participation rate and human capital 

are excluded from the per capita income growth regression, is shown in the last column of Table 3. These 

variables are excluded because they are explained by productivity growth, life expectancy and age dependency 

rates. The results show that the innovation variables and age dependency remain highly significant and, as 

predicted by our model, the coefficients are higher than in the regression in column (7) in which capital stock, 

human capital, and labor force participation are included. Life expectancy is insignificant, which may reflect 

that life expectancy influences growth with a long lag as increased schooling, which is induced by higher life 

expectancy, will first influence growth when graduates join the labor force. The coefficient of population is 

opposite to what we would expect and may be an outcome of the correlation between population growth and life 

expectancy in the sample period.  

The results give important insights into the dynamic growth effects of knowledge. First, R&D intensity 

has permanent growth effects. Provided that R&D is kept in fixed proportion to GDP the economies will 

continue to grow at positive rates following the predictions of Schumpeterian growth theory. This result is 

consistent with the finding of Ha and Howitt (2007), Madsen (2008b) and Venturini (2012) for OECD 

countries. Second, for the countries that are far from the technology frontier such as China and India, distance to 
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the frontier and its interaction with research intensity will continue to promote growth until the technology 

frontier is reached. Third, India’s per capita growth rate is likely to increase as its K-Y ratio converges to that of 

other mature economies. Fourth, the contributions to growth from the foreign stock of knowledge will also keep 

on increasing income provided that the AME’s trading partners keep their research intensity constant and that 

their growth rates are governed by Schumpeterian growth – which at least appears to be the case for OECD 

countries (Madsen, 2008b).  

 

6.2.2 Savings regressions 

The savings regressions, which are reported in Table 4, show that age dependency and growth are highly 

significant determinants of the savings rate. The coefficient of age dependency of -0.3 along with an increase in 

the fraction of the population of working age by 0.2 over the entire period for China, Korea, Singapore and 

Taiwan suggests the increased age dependency has increased gross savings by approximately 15 percentage 

points, noting that the savings rate has, on average, been 0.3 for these countries over the entire period. The 

increasing growth rate has contributed to approximately a 5 percentage point increase in the savings rate. These 

results are staggering as they show that the increasing saving rates have not been driven by an exogenous 

decrease in time-preference but by increasing growth rates and, particularly, changing demographics. The 

finding that growth is influential for savings is consistent with the results of Carroll and Weil (1994), who 

demonstrate that the growth in the high-growth Asian countries can explain their high savings rates. Using 

Granger causality tests, they also find that growth is causing savings and not vice versa.  

 

Table 4: Determinants of the savings ratio 

Dep. Var. = gross domestic saving / GDP (1) SUR (2) 3SLS 

Intercept  
0.096

***
 

(0.000) 

-0.206
***

 

(0.000) 

Age dependency 
-0.301

***
 

(0.000) 

-0.296
***

 

(0.000) 

Growth rate of income per capita 
0.223

***
 

(0.000) 

0.238
***

 

(0.001) 

Notes: the dependent variable is the ratio of gross domestic saving to GDP. For the 3SLS estimation, growth rate of income per capita 

is assumed to be endogenous. The equation is specified according to column (7) in Table 3. 

 

The findings in Table 4 can easily be transformed so the results relate to gK/Y, which is used in the 

growth accounting exercise. Using the first term in the Taylor expansion yields: 

 

ln(K/Y)t = ln(Kt/Kt-1)/Yt = ln[(It - Kt-1 + Kt-1)/Kt-1]/Yt = ln[It/Kt-1 +  + 1]/Yt  (It/Yt)(Yt/Kt-1).      (15) 
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Assuming that the investment ratio and the savings rate, at least in steady state, are identical, this equation can 

be used to transform savings rates to growth rates in the K-Y ratio. Importantly, since the K-Y ratio is low in 

early development (see, for example, Figure 1) it follows that shifts in demographics and in productivity growth 

have large effects on the K-Y ratio, while they have small effects on the K-Y ratio as the economy matures. 

Thus, the negative growth effects derived from the aging of the population and the likely reduction in growth 

rates as R&D growth stops increasing in the AMEs in the future will not be as strong as the positive effects in 

the take-off phase of economic development. Considering Figure 1, it can be seen that the K-Y ratio has, on 

average, increased fivefold. Thus, the demographic transition and the entrance to the high growth regime have 

had growth effects, through savings, five times as strong as the negative effects once these economies revert 

back to their steady states. 

 

6.2.3 Female labor force participation regressions 

 The female labor force participation regressions are presented in Table 5. We focus on female labor 

force participation rates since the theory discussed in the previous section relates to females and not to males. 

Unfortunately, the data do not capture the change in female labor force participation rates in early development 

as the data are not available for all of the countries and therefore total labor force participation rates were used 

to backdate (see data appendix for details). Life expectancy at ages 5, 10 and 15 are considered in the 

regressions in the table for completeness. The estimates show that productivity growth and life expectancy are 

both significant contributors to the increasing female labor force participation experienced by the AMEs. 

 

Table 5: Determinants of female labor force participation rate  

Dep. Var. = labor force 

participation rate 

(1) Life expectancy at 

age 5 

(2) Life expectancy at 

age 10 

(3) Life expectancy at 

age 15 

(1a) SUR (1b) 3SLS (2a) SUR (2b) 3SLS (3a) SUR (3b) 3SLS 

Intercept  
1.789

***
 

(0.003) 

0.625 

(0.617) 

0.823
**

 

(0.019) 

-0.006 

(0.997) 

0.834
***

 

(0.002) 

0.018 

(0.989) 

Growth rate of income per 

capita 

0.190
***

 

(0.003) 

0.593
*
 

(0.067) 

0.181
***

 

(0.004) 

0.632
**

 

(0.050) 

0.187
***

 

(0.003) 

0.639
**

 

(0.047) 

Life expectancy at age 5 
0.516

***
 

(0.001) 

0.764
**

 

(0.011) 
    

Life expectancy at age 10 
 

 
0.753

***
 

(0.000) 

0.922
***

 

(0.006) 
  

Life expectancy at age 15 
 

   
0.764

***
 

(0.000) 

0.931
***

 

(0.005) 

Notes: the dependent variable is the female labor force participation rate. For the 3SLS estimation, the growth rate of income per 

capita is assumed to be endogenous. The equation is specified according to column (7) in Table 3. 

 

The results in Table 5 show that shifts in labor force participation rates are, to a large extent, outcomes 

of economic development and not so much derived from exogenous changes in preferences for labor market 
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attachment. The technological progress in the AMEs increased the job opportunities for women and, 

consequently, increased factor inputs into the production process and furthered the increase in per capita 

income. The increased life expectancy among youngsters has been influential for increasing female labor force 

participation throughout the entire period. In this context it is important to note that the increasing life 

expectancy has not been a consequence of economic development but more a result of the medical innovations 

and, far more importantly, improved hygiene standards such as the introduction of clean running water and 

sewage systems, and the eradication of malaria along with other diseases (Sachs, 2001). The key point here is 

that these innovations lowered health insults to infants and, thus, resulted in stronger tissues and organs that 

would reduce mortality later in life (Fogel, 1994). The decline in infant health insults among infants is indicated 

by a marked decline in infant mortality in China, Korea, Singapore and Taiwan in the 1940s and earlier (later) 

in Japan (India) (see, for infant mortality, Mitchell, 2008).
3
  

 

6.2.4 Schooling regressions 

Schooling regressions are presented in Table 6. Life expectancy and growth are highly significant 

determinants of GER’s in the SUR estimates, as predicted by the Bils-Klenow model. Even if growth is treated 

as endogenous in the 3SLS regressions, there is a very strong reason to expect it to be exogenous. Schooling 

influences growth first when the students graduate and enter the labor force, which happens with a time lag of 

10-20 years for students in primary schooling. While this period shortens at higher levels there is always going 

to be a time lag between GER’s and economic outcomes, which renders growth exogenous in the regressions in 

Table 6. For this reason the SUR estimates are likely to give a better indication of the relationship between 

GER’s and growth, since instruments lower the efficiency of the estimates. The coefficients of growth and life 

expectancy are increasing with educational levels, which is plausible because primary schooling and a fraction 

of secondary schooling have been compulsory during most of the period. Tertiary education, by contrast, is 

driven almost entirely by incentives such as expected returns from schooling. Thus, it is not surprising that life 

expectancy is 10 times more influential for tertiary education compared to primary education. 

 

 

 

 

 

 

 

 

 

 

                                                 
3
 See also Bloom and Williamson (1998) for discussion of these aspects. 
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Table 6: Determinants of gross enrolment rates  

Dep. Var. = gross 

enrolment rate 

(1) Gross primary 

education enrolment rate 

(2) Gross secondary 

education enrolment rate 

(3) Gross tertiary 

education enrolment rate 

(1a) SUR (1b) 3SLS   (2a) SUR (2b) 3SLS   (3a) SUR (3b) 3SLS   

Intercept  
0.578

*** 
(0.002) 

0.914 
(0.202) 

-14.850
*** 

(0.000) 
-14.784

*** 
(0.000) 

-36.777
*** 

(0.000) 
-36.044

*** 
(0.000) 

Growth rate of income per 

capita 
0.236

*** 
(0.000) 

0.293
* 

(0.054) 
0.630

*** 
(0.000) 

0.745
*** 

(0.002) 
0.831

** 
(0.012) 

0.994 
(0.176) 

Life expectancy at age 5 
0.959

*** 
(0.000) 

0.892
*** 

(0.000) 
    

Life expectancy at age 10 
 

 
4.416

*** 
(0.000) 

4.393
*** 

(0.000) 
  

Life expectancy at age 15 
 

   
9.200

*** 
(0.000) 

9.007
*** 

(0.000) 

Notes: the dependent variable is the gross enrolment rate at each level of education. For the 3SLS estimation, growth rate of income 

per capita is assumed to be endogenous. The equation is specified according to column (7) in Table 3. 

 

7. Conclusion and discussion  

The aim of this paper has first been to extend the standard growth accounting exercise to allow for the 

population growth drag and endogenous capital deepening; and, second, to explain the forces that have been 

responsible for the technological progress, increasing savings rates, increasing female labor force participation 

rates, and increasing schooling in the AMEs. In that sense, this paper has taken one step further than standard 

growth accounting exercises. Its principal contribution has been to show that factor accumulation has not been 

exogenous but rather has been caused by innovation-driven growth and the demographic transition. The 

increasing R&D has increased TFP growth directly, through the increasing capacity to capture technologies 

developed at the frontier, and through increasing trade links with the high-knowledge economies. Furthermore, 

the R&D-induced growth has been influential for factor accumulation through four channels: (1) increased 

capital accumulation as it increased the returns to capital and, consequently, investment Tobin’s q; (2) increased 

female labor force participation as the technological progress has been female-biased; (3) increased savings 

through the force of habits in consumption; and (4) increased schooling through enhanced returns to education. 

Overall, the regressions showed that TFP growth has been influential for factor accumulation, and therefore, 

that technological progress has been one of the two key factors behind the Asian growth miracle.  

The other key factor behind the Asian growth miracle has been the demographic transition that was 

initiated even before the AMEs started to take off. First, the reduced fertility in the post WWII period increased 

growth directly by reducing age dependency rates and, indirectly, by increasing the savings rate as implied by 

the life-cycle hypothesis. Second, the reduced fertility lowered the population growth rates and, therefore, 

reduced the population growth drag due to diminishing returns introduced by land as a fixed factor of 

production. Third, the increasing life expectancies at ages 5, 10 and 15, which were associated with the 
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demographic transition, impacted positively on labor force participation rates and school enrolment via the 

increased expected returns to investment in education. 

 The results in this paper provide some important insights into the anatomy of development among the 

AMEs. Starting from the post Malthusian growth regime, the reduced fertility made room for higher savings 

rates, lower age dependency rates, more education, and higher female labor force participation rates. Heavy 

investment in R&D has been another important factor behind the spectacular growth rates experienced by the 

AMEs.  

 Will the future bring equally spectacular growth rates among the AMEs? Based on the growth 

accounting estimates in this paper, we know that about one third of the per capita growth rates in the AMEs 

since 1953 have been a result of transitional dynamics such as the demographic transition, increasing 

educational attainment, convergence to the technology frontier and increasing K-Y ratios rates. Except for India 

and China, these factors have, to a large extent, converged to their steady states. Moreover, increasing age 

dependency will work counterproductively in the future. Thus, per capita income growth has to come from TFP 

growth in the future.  

The TFP growth rates will slow down as the AMEs get closer to the technology frontier. While this will 

take some time for China and India, which have many years of convergence ahead of them, the other AMEs are 

by now so close to the technology frontier that any independent growth effects from this source will be small in 

the future. Therefore, growth will have to be driven by knowledge. Due to the scale effects in knowledge 

production, it was found that knowledge has more than a transitory effect on growth for the Asian growth 

miracles following the predictions of Schumpeterian growth theory. Thus, the positive effects from research 

intensity and the level of human capital will ensure that growth remains positive, but not miraculous, in the 

future. Growth in the Asian miracle countries may converge to the OECD rate in due course, but is unlikely to 

cease. 
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Data Appendix 
 

Capital’s income share. Capital’s shares of income used in Table 1 are derived using the approach of Caselli and Feyrer 

(2007). The estimates for each country are: China = 0.308, India = 0.080, Japan = 0.279, Korea = 0.279, Singapore = 

0.491 and Taiwan = 0.241. Sources for the alternative capital shares used in panel B in Table 3 are Young (1995) for 

Korea, Singapore and Taiwan, Gollin (2002) for India and Japan, and Young (2003) for China.  The estimates for each 

country are: China = 0.540, India = 0.214, Japan = 0.333, Korea = 0.297, Singapore = 0.491 and Taiwan = 0.257. 

 

GDP. The following sources are used to obtain GDP and derive the GDP deflator: China: China Statistical Yearbook 

(various issues) and “Comprehensive Statistical Data and Materials on 50 Years of New China”, Beijing: China Statistics 

Press. India: National Account Statistics (various issues) and Penn World Table 6.2. Japan: Japan Statistical Yearbook 

(various issues). Korea: Korea Statistical Yearbook (various issues). Singapore: Yearbook of Statistics Singapore (various 

issues). Taiwan: Taiwan Statistical Data Book (various issues). US: Bureau of Economic Analysis (http://www.bea.gov/).  

 

Labor and demographic data. Employment and population data are obtained from the sources described above. Data for 

working age population since 1960 are obtained from the World Bank’s World Development Indicator CD Rom (2010). 

Data before 1960 are backdated using population data obtained from the domestic sources described above.  

 

Capital stock. The construction of K involves: (i) non-residential buildings and structures; and (ii) machinery and 

equipment. A depreciation rate of 3% is assumed for the former and 17% for the latter. Investment data from the earliest 

available years have been used to generate the initial stock for the year 1953 (China: 1953, India: 1950, Japan: 1870, 

Korea: 1913, Singapore: 1956 and Taiwan: 1912). The initial capital stock is obtained by using the Solow model steady-

state value of         , where    is initial real investment,   is the rate of depreciation and   is the growth rate in real 

investment over the period for which investment data are first available to 2009. The breakdown of investment series for 

China is only available from 1981. They have been backdated using the total investment series. The following sources 

have been used to obtain investment: China: China Statistical Yearbook (various issues) and “Comprehensive Statistical 

Data and Materials on 50 Years of New China”, Beijing: China Statistics Press. India: National Account Statistics 

(various issues). Japan: Madsen (2008b). 25.7% war damage has been applied to the 1945 capital stock. Korea: Timmer 

and Ark (2000) (source: “Capital Formation and Productivity Growth in South Korea and Taiwan: Beating Diminishing 

Returns through Realising the Catch-Up Potential”, paper presented at the 26
th
 General Conference of the International 

Association for Research in Income and Wealth, Cracow, Poland) and Korea Statistical Yearbook (various issues). All 

pre-1953 investment data have been discounted by 40% to account for war damage. Singapore: Yearbook of Statistics 

Singapore (various issues). Taiwan: Timmer and Ark (2000) and Taiwan Statistical Data Book (various issues). All data 

are expressed in constant 1995 dollars valued at PPP. 

 

Land area. T includes arable land, permanent cropland and permanent pasture. Data from 1960 onwards are obtained 

from the World Bank’s World Development Indicator CD Rom (2011). For China, Japan and Taiwan, the data are 

gathered from the national sources described earlier for the years 1953-1959. Prior year data are, however, not available 

for the other countries. We therefore extend the series backward by assuming a constant growth rate for India and Korea. 

For Singapore, we assume the land area was constant before 1960.  

 

Human capital. Educational attainment is measured by the average years of schooling among the adult population. 

Educational attainment is estimated as an unweighted average of the Barro-Lee (2010 version) and Baier- Dwyer-Tamura 

data (sources: http://www.barrolee.com/ and http://people.clemson.edu/~rtamura/). The data are interpolated to get annual 

series.  

 

Hours worked. Data for annual hours worked are gathered from Groningen Growth and Development Centre 

(http://www.ggdc.net/). Data for China (1991-1998) and India (1969-2009) are obtained from the “Yearbook of Labour 

Statistics”, Geneva: International Labour Office. For India, annual hours worked are estimated as the weekly hours 

worked multiplied by 52 after 1969. Prior to 1969, the hours worked were extrapolated backward using the 1969 figure. 

The same method is used for China noting that weekly hours worked are available only in 1991 and 1998. However, these 

two points are crucial since they probably capture the largest reduction in working hours that took place during the period 

1953-2009. Tynews (2007) reports that the number of weekly working days was reduced from 6 to 5 during the period 

from 1991 to 1998 (source: http://www.tynews.com.cn/big5/site1/index/2007-10/04/content_3356093.htm).  

 

http://www.bea.gov/
http://www.barrolee.com/
http://people.clemson.edu/~rtamura/
http://www.ggdc.net/
http://www.tynews.com.cn/big5/site1/index/2007-10/04/content_3356093.htm
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TFP. TFP is estimated as         
   

    
        , where the share of income going to land (    is allowed to vary over 

time as the importance of agriculture diminishes along with industrialization. Following Denison (1967),    is estimated 

as the share of agricultural GDP in total GDP.  

 

R&D expenditure. Real R&D expenditure (R) is used in the estimation. The nominal data are obtained from the 

following sources: China: China Statistical Yearbook (various issues), “Comprehensive Statistical Data and Materials on 

50 Years of New China”, Beijing: China Statistics Press, “Statistics on Science and Technology of China: 1949-1989”, 

Peking: Zhongguo Tong Ji Chu Ban She and the various issues of “S&T Statistics Data Book” published by the Ministry 

of Science and Technology. India: various issues of “R&D Statistics” published by the Department of Science and 

Technology and "Macro-Aggregates" published by the Planning Commission, Government of India. These data are 

complemented with various issues of the UNESCO Statistical Yearbook published by the United Nations Educational, 

Scientific, and Cultural Organization (UNESCO). Japan: Japan Statistical Yearbook (various issues). Korea: Korea 

Statistical Yearbook (various issues) and UNESCO Statistical Yearbook (various issues). Data before 1967 are predicted 

using the first principal component of the data for China, India, Japan and Taiwan. Singapore: Yearbook of Statistics 

Singapore (various issues). UNESCO Statistical Yearbook (various issues). Data before 1970 are predicted using the first 

principal component of the data for China, India, Japan and Taiwan. Taiwan: Taiwan Statistical Data Book (various 

issues) and Statistical Yearbook of the Republic of China (various issues). Data before 1970 are estimated using the first 

principal component of the number of patent applications (obtained from various issues of “Annual Report” and 

“Yearbook of Intellectual Property” published by the Taiwan Intellectual Property Office (TIPO)), enrolment numbers in 

science and engineering courses and R&D data for China and India. OECD: Data for 1965-2009 are obtained from OECD 

Main Science and Technology Indicators, OECD Archive (OECDDSTI/EAS), National Science Foundation and Statistics 

Netherlands. Data for earlier years are obtained from various sources documented in Madsen (2008b).  

 

Nominal R&D expenditure is deflated using an unweighted average of the economy-wide value-added price deflator and 

hourly earnings to express in real terms. The Price deflator is obtained from the same domestic sources as GDP described 

above, except for Japan where the data are available from Japan Statistical Yearbook (various issues). Hourly earnings 

data for all other countries are compiled from the “Yearbook of Labour Statistics”, Geneva: International Labour Office 

and other domestic sources described above. For China, data before 1979 are estimated by assuming that the growth rate 

of wages equals the sum of labor productivity growth and the inflation rate. Real R&D capital stock is calculated using the 

perpetual inventory method. The initial R&D capital stock is obtained using the same procedure as the physical capital 

stock with a depreciation rate of 15%.  

 

Trade openness and bilateral trade weights. Trade openness is measured by the sum of exports and imports over GDP. 

For the Asian countries, the same sources that are used to obtain GDP are used here, except for Taiwan where the data are 

collected from Taiwan Statistical Data Book (various issues). Bilateral trade weights for all countries are constructed 

using data from the IMF Direction of International Trade Statistics. Data for OECD countries are obtained from Madsen 

(2007). 

 

Distance to the frontier. Distance to the frontier is the ratio of TFP in the US and TFP for the country in question. Both 

are measured in purchasing power parities. 

 

Stock of knowledge and import of knowledge. The stock of knowledge is computed using the perpetual inventory 

method on real R&D expenditure with a 15% geometric depreciation rate. Knowledge spillovers through the channel of 

imports are estimated using the following weighting scheme suggested by Lichtenberg and van Pottelsberghe de la 

Potterie (1998): 

 

                   
  ∑

    
 

   
    

   
                            

 

where     
  is real imports of country i from country j at time t,    

 is real GDP at USD PPP for country j at time t, and
 
   
  

is the stock of domestic knowledge in country j. The 6 countries considered in this study plus the following 20 OECD 

countries are included in the index: Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, 

Ireland, Italy, Netherland, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, the UK and the US.   
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