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MRW (1992) 
• MRW examines whether the “textbook” Solow model is 

consistent with the empirical evidence. 

• It augments the Solow model by including human capital 
accumulation and capital accumulation, and tests this 
augmented Solow model. 

• It also tests for both unconditional and conditional 
convergence in per capita income. 

• Findings: 
The prediction of the Solow model are consistent with the data. 

The cross-country variation in per capita income can best be 
explained by an augmented Solow model. 

There is convergence once the differences in saving and 
population growth rates are controlled for. 
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“Textbook” Solow Model 

• Production function: 𝑌 𝑡 = 𝐾(𝑡)𝛼 𝐴 𝑡 𝐿(𝑡) 1−𝛼, 0 < 𝛼 < 1, 

where A = Technology. 

• L and A are assumed to grow exogenously at rates n and g: 

 𝐿 𝑡 = 𝐿 0 𝑒𝑛𝑡 and  A 𝑡 = 𝐴 0 𝑒𝑔𝑡   

• Define 𝑘 =
𝐾

𝐴𝐿
 and y =

𝑌

𝐴𝐿
, where AL is effective units of labor. 

• The change in k is given by: 

 𝑘 = 𝑠𝑦 𝑡 − 𝑛 + 𝑔 + 𝛿 𝑘(𝑡) 

• Hence, the steady-state value 𝑘∗ is:  

 𝑘∗=[s/(n+g+δ)]1 /(1−𝛼) 
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“Textbook” Solow Model (cont’d) 

• Substituting 𝑘∗in the production function and taking log yields:  

ln
𝑌(𝑡)

𝐿(𝑡)
= 𝑙𝑛𝐴 0 + 𝑔𝑡 +

𝛼

1 − 𝛼
ln 𝑠 −

𝛼

1 − 𝛼
ln 𝑛 + 𝑔 + 𝛿  

• Assume that g and 𝛿 are constant across countries. (In this 
paper, it’s assume that g + 𝛿 = 0.05. ) 

• Also, assume that 𝑙𝑛𝐴 0 = a + ϵ, where a is a constant, and ϵ 
is a country-specific shock. 

• Hence, log income per capita at a given point time (say t=0) is: 

ln
𝑌

𝐿
= 𝑎 +

𝛼

1−𝛼
ln 𝑠 −

𝛼

1−𝛼
ln 𝑛 + 𝑔 + 𝛿        -- (*) 
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Data and Samples 

• Data are from the Real National Accounts constructed by 
Summers and Heston (1988). 

• Data are annual and cover the period 1960-1985. 

• n measures the average growth rate of the working-age (15-64) 
population. 

• s is the average share of real investment in real GDP. 

• Y/L is real GDP in 1985 divided by the working-age pop. 

• There are three samples: 
• 98 non-oil producing countries  

• 75 countries – exclude those with <1m pop or those with data problems 

• 22 OECD countries with pop > 1m 
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Augmented Solow Model 
• Let the production function be: 

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

Where H =stock of human capital. 

• Let 𝑠𝑘 and 𝑠ℎ be the fractions of income invested in physical 

capital  and human capital, respectively.  

• The evolution of the economy is determined by: 

 𝑘 = 𝑠𝑘𝑦 𝑡 − 𝑛 + 𝑔 + 𝛿 𝑘(𝑡) 

 ℎ = 𝑠ℎ𝑦 𝑡 − 𝑛 + 𝑔 + 𝛿 ℎ(𝑡) 

Where k = K/AL, h = H/AL, and y= Y/AL. 
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Augmented Solow Model (cont’d) 

• Hence, the steady-state levels of K and H are: 

  𝑘∗=[
𝑠𝑘
1−𝛽

𝑠ℎ
𝛽

n+g+δ
]1 /(1−𝛼−𝛽)  and  ℎ∗=[

𝑠𝑘
𝛼𝑠ℎ

1−𝛼

n+g+δ
]1 /(1−𝛼−𝛽)   

• Substituting 𝑘∗ and ℎ∗  in the production function yields:  

ln
𝑌

𝐿
= 𝑙𝑛𝐴 0 + 𝑔𝑡 −

𝛼+𝛽

1−𝛼−𝛽
ln 𝑛 + 𝑔 + 𝛿 +

𝛼

1−𝛼−𝛽
ln 𝑠𝑘 +

𝛽

1−𝛼−𝛽
ln 𝑠ℎ   

• The above equation can be rewritten as: 

ln
𝑌

𝐿
= 𝑙𝑛𝐴 0 + 𝑔𝑡 +

𝛼

1 − 𝛼
ln 𝑠𝑘 −

𝛼

1 − 𝛼
ln 𝑛 + 𝑔 + 𝛿  +

𝛽

1 − 𝛼
ln ℎ∗   

Where  h* = secondary school enrollment ratio x proportion of labor force 

of secondary school age  
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(Cont’d) 



Endogenous Growth and Convergence 

• Goal: reexamine the evidence on convergence of Y/L. 

• Previous model assumes that countries in 1985 were in their 
steady states (or that the deviations from steady state were 
random).   relax this assumption! 

• Let y* be the steady-state income per capita and y(t) be the 
actual value at time t.  

• The speed of convergence is given by: 

 
𝑑𝑙𝑛(𝑦 𝑡 )

𝑑𝑡
= 𝜆 ln 𝑦∗ − ln (𝑦 𝑡 ) , 

Where 𝜆 = 𝑛 + 𝑔 + 𝛿 1 − 𝛼 − 𝛽  is the convergence rate. 

• Example: If 𝛼 = 𝛽 =
1

3
 and 𝑛 + 𝑔 + 𝛿 = 0.06, then 𝜆 = 0.02. 
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Convergence Rate 

• The above equation implies that: 

 ln 𝑦 𝑡 = 1 − 𝑒−𝜆𝑡 𝑙𝑛 𝑦∗ + 𝑒−𝜆𝑡ln (𝑦 0 ), 

Where y(0) is income per effective worker at an initial date. 

• Subtracting ln(y(0)) and substituting y* gives: 

ln 𝑦 𝑡 − ln 𝑦 0

= 1 − 𝑒−𝜆𝑡
𝛼

1 − 𝛼 − 𝛽
ln 𝑠𝑘 + 1 − 𝑒−𝜆𝑡

𝛽

1 − 𝛼 − 𝛽
ln 𝑠ℎ

− 1 − 𝑒−𝜆𝑡
𝛼 + 𝛽

1 − 𝛼 − 𝛽
ln 𝑛 + 𝑔 + 𝛿 − (1 − 𝑒−𝜆𝑡)ln (𝑦 0 ) 
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