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Abstract  

 

This paper attempts to investigate the relevance and the existence of Augmented Solow model in Asia. The 

study is based on a panel of 6 Asian countries namely China, India, Malaysia, South Korea, Taiwan and 

Thailand for the time period spanning from 1969 to 2012. The empirical methodology adopted for the study is 

a panel fixed effect model. The empirical methodology initially attempts to identify the relevance and the 

existence of Classical Solow model and then it seeks to find the evidence of the existence of Augmented 

Solow model. The findings reveal the existence of both Classical Solow and Augmented Solow models in the 

context of Asia. The signs of the estimates are similar to predicted relationships in the Classical Solow model. 

Hence, physical capital has a positive impact on Gross Domestic Production (GDP) per capita and population 

growth has a negative impact on GDP per capita. Moreover, as per the estimated coefficients, 10 percent 

increase in human capital is associated with 9.5 percent increase in GDP per capita which is a greater effect of 

human capital on GDP per capita than other countries in the world. Finally, the study suggests that Asian 

countries have a greater advantage of investing more in human capital than other countries.  
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Introduction 

 

The Solow Growth model can be identified as the foundation of basic endogenous growth models. 

This great piece of work by Robert Solow, assumes a standard neoclassical production function that illustrates 

decreasing returns to capital. Given a set of assumptions, the main pivot of the Solow model contends that 

long run growth rate is exogenously determined. Thus, all the economies converge steady state growth level 

that depends on technological and population growth. Consequently, a country can be richer if they have a 

higher savings rate, while a country can be poor if they have a higher population growth (Solow, 1956).  

 

Mankiw et al (1992) attempted to examine the consistency of the Solow model with the existence of 

various international living standards. Based on a cross country sample of 98, they argue that predictions of 

the Solow model are consistent with the empirical evidence. However, the Solow model fails to accurately 

predict the magnitudes of the effects of saving and population growth, given the actual data for these 

countries. Hence, the better understanding of the relation between savings, population growth and income lies 

beyond the Classical Solow model. Subsequently, Mankiw et al (1992) developed an augmented version of 

Solow model by including human capital as a form of capital. This inclusion rectifies the over estimation of 

the effect of savings and population growth in the original Solow model. There are two rationales behind the 

inclusion of human capital into the Solow model. Firstly, if human capital is taken into account, the income is 

greatly impacted by the effects of physical capital accumulation and population growth. Secondly, there can 

be omitted variable biasness in the Solow growth model due to the exclusion of human capital variable, as 

accumulation of human capital is correlated with savings and population growth.  

 

Beyond these two major studies in this direction, Audenis et al (2001), Ding and Knight (2009) and 

Hoeffler (2002) attempted to estimate the original Solow model and the Augmented Solow model for different 

contexts. Yet, on average these studies provided the same outcomes and predictions of the Solow (1956) and 

Mankiw et al (1992).  
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Contrarily, Caselly et al (1996) attempted to reopen the convergence debate by looking at cross-

country growth empirics from a different aspect. This study was unable to find a consistency with the 

predictions of either Classical Solow model or Augmented Solow model with respect to the cross-country data 

set. These studies are a small part of large prominent literature on assessing the validity of Classical Solow 

and Augmented Solow models. Amongst them, very few researchers have used panel data with recent data to 

assess the validity of these two macroeconomic models.  

 

Moreover, most of the aforementioned studies are based on either OECD countries or a set of more 

than 90 countries leading to bias results in two aspects. Firstly, the use of data pertinent to OECD and western 

developed countries provides the validity of Classical and Augmented Solow models only to developed 

countries without assessing the effects of developing countries. Secondly, in cross-country data set, the effects 

of larger countries with larger physical capital, human capital, savings and labor force dominate the effects of 

smaller countries. Hence, results tend to be valid only for larger, if not developed countries. More importantly, 

no researcher has assessed the relevance of Solow and Augment Solow model using a panel data set for Asian 

countries. Consequently, this has resulted in a gap of literature assessing the relevance of Augmented Solow 

model in the case of Asia. Hence, I attempt to fill this vacuum of literature in this direction.  

 

Materials and Methods 

 

This study is based on six Asian countries namely China, India, Malaysia, South Korea, Taiwan and 

Thailand for the time period spanning from 1969 to 2012. The source of data is Growth accounting data 

obtained from Penn World Table - international comparisons of production, income and prices 9.1. 

 

Table 01: Variable Definitions, Means and Standard Deviations of the Data (N = 264) 

Note: Numbers in the parenthesis are standard deviations.  

 

Theoretical and Empirical Background  

 

Based on Mankiw et al (1992)’s Augmented Solow model, Cobb-Douglas production function is 

formulated as follows. 

𝑌 𝑡 = 𝐾 𝑡 𝛼𝐻 𝑡 𝛽  𝐴 𝑡 𝐿(𝑡) 1−𝛼−𝛽    𝑔𝑖𝑣𝑒𝑛    0 < 𝛼 + 𝛽 < 1      (1) 

 

Where H indicates the amount of human capital and 𝛽 indicates the share of the human capital in the 

total GDP. Further, the assumption of  0 < 𝛼 + 𝛽 < 1  shows the decreasing returns to scale. Moreover, the 

Augmented Solow model considers the fact that the share of income invested in physical capital (𝜃) and the 

share of income invested in human capital (휁) depreciate at a general rate  𝛿 . Hence, the following two 

equations which indicate the natural growth of the economy can be derived.  

 

𝑘  𝑡 =  𝜃𝑦 𝑡 −  𝑛 + 𝑔 + 𝛿 𝑘 𝑡 = 𝜃𝑘 𝑡 𝛼ℎ𝛽 −  𝑛 + 𝑔 + 𝛿 𝑘 𝑡  2  

ℎ  𝑡 =  휁𝑦 𝑡 −  𝑛 + 𝑔 + 𝛿 ℎ 𝑡 = 휁𝑘 𝑡 𝛼ℎ𝛽 −  𝑛 + 𝑔 + 𝛿 ℎ 𝑡  3  
 

Where 𝑛 is the population growth, 𝑔 is the rate of technological progress and 𝛿 is the depreciation 

rate. Further, 𝑦 is the per capita GDP derived by (
𝑌

𝐿
), 𝑘 is the per capita capital derived by (

𝐾

𝐿
) and ℎ is the per 

capita human capital derived by (
𝐻

𝐿
). Moreover, by solving equations 2 and  3 , the steady state physical 

capital (𝑘∗) and the steady state human capital (ℎ∗) can be derived as follows,  

𝑘∗ =  
𝜃1−𝛽휁𝛽

𝑛 + 𝑔 + 𝛿
 

1

1−𝛼−𝛽

       (4) 

Variable Description Mean and Std. Deviation  

Y Real GDP at constant national prices (in mil. 2011US$) 1368969 (2246828) 

K Capital services at constant 2011 national prices (2011=1) .3660575 (.3132243) 

L Number of persons engaged (in millions) 172.5541 (243.9873) 

H Index of human capital per person, based on years of schooling 

and returns to education 

2.135011 (.5664973) 
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ℎ∗ =  
𝜃𝛼휁1−𝛼

𝑛 + 𝑔 + 𝛿
 

1

1−𝛼−𝛽

       (5) 

By substituting equations (4) and (5) into the equation (1) and then converting the resulting equation 

into logarithmic terms, the steady state GDP per capita can be derived. The following equation indicates that 

GDP per capita is determined by physical capital, human capital and population growth.  

 

𝑙𝑛  
𝑌(𝑡)

𝐿(𝑡)
 = ln 𝐴0 + 𝑔𝑡 −

𝛼 + 𝛽

1 − 𝛼 − 𝛽
ln  𝑛 + 𝑔 + 𝛿 +

𝛼

1 − 𝛼 − 𝛽
ln 𝜃 +

𝛽

1 − 𝛼 − 𝛽
ln 휁  (6) 

 

Based on aforementioned theoretical background, panel fixed effect model is estimated. In this model, 

there can be omitted variables that are correlated with the explanatory variables. Thus, fixed effect model is 

the most appropriate, given there might be neglected heterogeneity (Wooldridge, 2016). Subsequently, 

following two equations are estimated. The equation (7) is applicable to Classical Solow model and the 

equation (8) illustrates the Augmented Solow model.  

𝑙𝑛𝑦𝑖𝑡 = 𝑙𝑛𝑘𝑖𝑡 + ln(𝑛 + 𝑔 + 𝛿)𝑖𝑡 + 휀𝑖𝑡        (7) 

𝑙𝑛𝑦𝑖𝑡 = 𝑙𝑛𝑘𝑖𝑡 + ln(𝑛 + 𝑔 + 𝛿)𝑖𝑡 + 𝑙𝑛ℎ𝑖𝑡 + 휀𝑖𝑡        (8) 

Where 𝑛 is calculated by  
𝐿𝑡−𝐿𝑡−1

𝐿𝑡−1
 × 100, 𝑔 is assumed to be 0.02 and 𝛿 is assumed to be 0.03.  

 

Results and Discussion  

 

Table 02: Estimates of Fixed Effects Models (Dependent Variable = lny (GDP Per Capita)) 

Note: "standard errors are in parentheses"; *p<0.1, **p<0.05, ***p<0.01 

 

As shown in the Table 02, model (1) indicates the estimates for Classical Solow model whereas model 

(2) indicates estimates for Augmented Solow model. Model (1) has a R-squared value of 0.87 which indicates 

that 87 percent of the variation in GDP per capita is jointly explained by 𝑙𝑛𝑘𝑖𝑡  and ln(𝑛 + 𝑔 + 𝛿)𝑖𝑡 . Model 

(1) signs of the estimates are similar to predicted relationships in the Classical Solow model. As per the 

coefficients, 1 percent increase in physical capital per capita (which is a proxy for savings through level of 

investments) is associated with 1.6 percent increase in GDP per capita in the economy. Further, 10 percent 

increase in ln(𝑛 + 𝑔 + 𝛿)𝑖𝑡  is associated with 9.7 percent reduction in GDP per capita which could be due to 

higher population growth. Consequently, these findings acknowledge the relevance of the Classical Solow 

model in the context of Asia. However, the main aim of this paper focuses on Augmented Solow model.  

 

Subsequently, model (2) has a R-squared value of 0.94 which indicates that 94 percent of the variation 

in GDP per capita is jointly explained by 𝑙𝑛𝑘𝑖𝑡 , ln(𝑛 + 𝑔 + 𝛿)𝑖𝑡  and 𝑙𝑛ℎ𝑖𝑡 . The inclusion of human capital as 

an additional control variable has increased the explanatory power of the entire model. As per the coefficients 

of model (2), 1 percent increase in savings is associated with 0.5 percent increase in GDP per capita. This 

provides evidence for the fact that inclusion of human capital into the Classical Solow model reduces the 

magnitude of the effect of physical capital on GDP per capita. Moreover, the coefficient of ln(𝑛 + 𝑔 + 𝛿)𝑖𝑡  

has a similar impact on GDP per capita estimated by the model (1). However, the magnitude of the effect has 

decreased. More importantly, 10 percent increase in human capital is associated with 9.5 percent increase in 

GDP per capita which is a greater effect than Mankiw et al (1992) estimated, which is 6.6 percent increase in 

GDP per capita for 98 non-oil producing countries and 7.6 percent for OECD countries.  

Variable Model (1) Model (2) 

𝑙𝑛𝑘𝑖𝑡  1.6324*** 

(0.0441) 

0.4700*** 

(0.0790) 

ln(𝑛 + 𝑔 + 𝛿)𝑖𝑡  -0.9707** 

(0.3896) 

-0.7326*** 

(0.2761) 

𝑙𝑛ℎ𝑖𝑡  ……….. 0.9468*** 

(0.0591) 

𝑅2 (within) 0.8672 0.9338 

𝑁 264 264 
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Hence, this provides the potential insights about the fact that Asian countries can have a greater 

stimulation in GDP per capita by enhancing their investments in human capital. Finally, the aforementioned 

findings provide evidence for the existence of Augmented Solow model in the context of Asia.  

 

Conclusion 

 

This study is based on the prime objective of identifying the relevance of Augmented Solow model in 

the Asian context. The findings of the study support the existence of both Classical Solow model and 

Augmented Solow model in this panel of 6 Asian countries. Further, the findings reveal that these Asian 

countries have the comparative advantage of investing more in human capital than other countries due to the 

higher impact of human capital in stimulating their GDP per capita. Thus, Asian countries should focus more 

attention on macroeconomic and educational policies that enhance the level of investment on human capital in 

order to sustain and boost the growth momentum in the region.  
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