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1. THE ISSUES 
 

a. Facts of growth: successes, failures 

b. Sources of growth: where does success come from? 

c. The dynamics of growth. Does every country get rich in the 

long run? 

d. The Solow growth model 
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2.THE SOURCES OF GROWTH 

  

a) The aggregate production  function 

  

  

  

 

 

b) Measuring of the APF 

  

 𝐾𝑡  = economy  wide capital  

 𝑁𝑡  = economy  wide labor  

 𝐴𝑡  = TFP = measures 

  -state of technology 

  -how well aggregate (K,N) are deployed among different uses 
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Walmart Example 
  

Kt = million square feet of floor space 

Nt = thousand employees 

  

Q: Where  to place  retail stores & dist’n centers?  

How many employees to put in each location? 

  

A: Walmart is not perfect. 

Does  not equate MPN, MPK across stores. 

If it did, Walmart ‘s TFP would go up! Profits, too! 
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c) Sources of growth & growth accounting 
 

The production  function says: 

growth in Y = growth in A + capital share times growth in K + 

labor share times growth in N 

 

”growth” in K: more capital; better  capital 

”growth” in N: more workers; higher level of skills 

  

Example: 

1) PC or phones in 1988 vs. now 

2) educational achievement in 1908 vs. now 
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Growth Accounting from APF 

 % GDP growth 

  % TFP growth 

  % capital growth 

  % employment growth 
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* TFP doubles from 1940 to 2008 

* Labor productivity doubles from 1975 to 2005 

* TFP growth equals 1/3 of income growth, ½ of per capita growth  
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d) Why did TFP fall in the 1970’s? Rise in the 1990’s? 

 
- oil shock  vs 

- IT revolution 

  

Industrial revolutions  involve initial falls in TFP because 

-much capital becomes obsolete 

-people  slow to learn new technologies 

  

Industrial revolutions  also involve initial stock market declines (obsolete firms) 

Eventually TFP & stock market both recover. 
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Next 50 year growth=80%  

170%  75%  
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Next 50 year growth=300%  
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a)Issues 

-Growth miracles: 

  

•  Europe:  U.K., Finland, Ireland,  Spain 

•  Asia: Japan, Korea; Taiwan, H-K, Singapore; China, India 

•  Africa: Kenya (1970’s), Lesotho,  Namibia 

•  L.America: Chile, Brazil(slowly) 

  

”Miracle” means convergence to U.S. living standards 
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Growth disasters:  

Argentina  (since  1940)  

Uruguay 

Japan (since  1990)  

Italy (since  1990) 

Russia (1910-2000)  

China (1910-1980)  

Pakistan (up to 2000)  

Afghanistan (forever)  

Egypt (since  1920) 

Most of Central  America 

Subsaharan Africa 

”Disaster”= falling forever behind  relative to U.S. 
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b)The Solow Model (1956) 

  

-Associates growth with 

”Capital deepening”= piling up more & more capital per worker 

  

-Ignores  growth from: 

1) improvement in quality of capital & labor 

2) investment in R&D 

3) improvement in markets & institutions 

4) expansion in international  trade 
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-Following in the footsteps of classical economics from 19th  

century {Ricardo,  Marx} 

  

-Key contributions from  

Robert Solow (1956)  

Trevor Swan (1956) 

  

-Basic Idea 

Closed economy  without gov’t or taxes 

  

 Yt  = Ct  + St  + Tt  = Ct  + It  + Gt 

  

ignore Tt , Gt 

 

 In equilibrium Saving= Investment: St   = It 
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c)Mathematics of the Model 

  

  

• Building Blocks: Capital 𝐾𝑡 , Employment 𝑁𝑡 

• Employment grows at constant rate:  n 

  

 𝑁𝑡 = 1 + 𝑛 𝑁𝑡−1 = … = (1 + 𝑛)𝑡𝑁0  

Gross investment 𝐼𝑡 equals net investment 𝐾𝑡+1 − 𝐾𝑡+ depreciation 𝑑𝐾𝑡  

𝐼𝑡 = 𝐾𝑡+1 − 𝐾𝑡 + 𝑑𝐾𝑡  

d = depreciation rate ≈ .08 per year 
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-Saving is proportional to GDP 

 

  

a) The data 

  

s= saving rate ≈ .18 for rich nations  

  ≈ .25-.30 for middle income  nations  

  ≈ .02-.05 for really poor nations 

  ≈ .45 for China 

A= TFP 

   = capital share ≈.36 

  

-Equate saving with investment 

  

 

-Divide eq.(1) by Nt  on both sides.  Express everything  in terms of the 

capital/labor ratio:  
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 The Solow model in eq. (2) describes how k evolves over time: kt+1 

depends on kt, kt depends on kt-1, etc. 
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Steady state in the real world: income  per worker, capital 

per worker grow at constant rate(not zero as in Solow 

model) 

  

e)A numerical example 

  

Think of emerging economy,  1 pd=1 generation let 

(1+n)=2  (population doubles every 30 years) 
    𝛿 = 1 

    1 + 𝑛 = 2 

    𝑠 = .2, 𝛼 = .5 

    𝐴 = 10, 𝑠𝐴 = 2 

Then the Solow equation 

 𝑘𝑡+1 = 𝑘𝑡 

 steady state 𝑘 =1(capital) 

 𝑦 = 10 1=10(income per capita) 
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* Growth miracles should  be expected. 

In 4 generations this economy  improves  from 10% of 

steady-state income  to 85% of steady-state income 

  
 

Suppose initial values:  
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4.MIRACLES & DISASTERS 
  

a) Making a Miracle 

Low initial income  due to shortage of capital. 

Capital shortage means high MPK  high return on capital  

High RoR attracts lots of saving from domestic & foreign sources 

 high investment 

 high growth 

  

b) Comparing growth rates 

Growth rate inversely  related  to p.c.  income 

China grows at 10% Korea at 4%, Japan  2% 
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c)Disasters 
Q: How do we explain persistent poverty? Where does the Solow model 

fail? 

  

Note: Capital shortage does not always  result in high RoR 

on physical capital.   

 

Exceptions include: 
-war or uncertainty  about  property rights 

-corruption or high taxes  on capital 

-poorly functioning economic institutions  incl. frequent changes in legal 

environment 

-lack of saving due to subsistence consumption (Africa saves little) 
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d) Subsistence consumption 

Suppose     = subsistence income  per capita=          

   = subsistence level of capital  ≈ $1, 000 

Then aggregate saving 

  

 

  

 

 

Saving is a constant fraction of 

non-subsistence income,  not of total income 
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The Solow model with subsistence consumption 
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Three  steady states: kG (good) @ G; kM (middle)@ M; 

0(bad)@ B. 
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Disaster: kO  < kM  : too low because saving not enough 

to pay for depreciation and population growth. Per 

capita (k,y) go to zero slowly. 

 

Miracle: kO  > kM  : high enough initial capital. 

 

Enough  saving to replace depreciation, provide for pop. 

growth and leave a surplus  to raise  per capita  K. 
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e)Policies that Make Miracles or Produce Disasters  

Make a miracle:  If kO  < kM , how do we jump the 

hurdle value kM ? 

Produce a disaster: If kO  > kM , what polices  lower 

K/N below kM ? 

 

Ideas to Consider 

Key: Temporary  shocks  to the economy  may have 

permanent effects 

1)Marshall plan for Europe:  a gift of capital 
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 Marshall Plan  

G 

M 

)4,)3

(1, 2) are changes in initial capital, ko 

2) Wars in the Horn of Africa (Ethiopia, Somalia)  Capital destroyed 

war 
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3)Temporary restrictions  on childbearing (China).  Value of n goes 

down temporarily. 

  

4)Improvements in capital markets and institutions  (financial 

liberalization in Asia, 198O’s). Value of A goes up permanently. 

  

3)&4) are shifts in the Solow equation. Both decrease the hurdle 

value kM . 
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5. WHAT THE SOLOW MODEL PREDICTS  ABOUT GROWTH 

  

a. Expect  growth miracles in countries that 

-are not too poor to start with 

-follow policies that are not too stupid 

-are not too unlucky 

  

b.Expect growth disasters in countries that 

-are too poor 

-follow bad policies even  for a short spell 

-are unlucky in peace/war 
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c. Growth in living standards is initially rapid, then falls 

off.  

 

 

d. In the long run there  is no growth  in per capita  

income Predictions a,b,c are factual, d is not. What 

explains  the advancement of living standards in even  

the richest countries? 
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6. GROWTH IN THE VERY LONG RUN 

  

a) Why does growth peter  out in the Solow model? 

-As k up, MPK decreases, rate of return on K decreases, 

output growth decreases, saving not enough to pay for 

dK plus net investment. 

 

 Pool of saving cannot  keep  up with growth in K. 

-Even if we can increase K/N,labor supply is limited. 

Growth in Y/N requires increases in K/N and LS /N 
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-To grow Y/N forever we need at least one of these things: 

 

1) Profit per unit capital not to fall as we grow (Marx’s 

“falling rate of profit” should not be true) 

 

2) Workers  to build up their skill, or human  capital, as economy  

grows 

 

3)Technical progress in ideas, products, methods of production 

(steam engine, electricity, internet, PDA, solar energy, …) 

  

b) An example: The AK model 

Solow model w/o labor and with constant MPK=A 

Output Yt  = AKt  assumes skills grow as fast as physical capital. 
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Solow equation 
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c) Another example: pure technical progress 

 

Suppose TFP in the Solow model increases at a constant rate, g, i.e. 

   At+1=(1+g)At 

To keep things simple, set population growth and depreciation to 

one. Then we have 

 

 

From these two, we eliminate (kt,kt+1) and express everything in 

terms of output. Then, 
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Divide (*) by it’s predecessor                      

To obtain an equation in growth rates 
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The steady state growth rate is 

 

 

For small values of g. 
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Thus if g ≈ 1% as in U.S. growth accounting, the Solow model says that  

per capita income should increase by 1.5% per year in the steady state 

 

 

 

Q: Actual per-capita income in the U.S. has been increasing on average by 1.9% 

per year.  Where does the difference between 1.9% and 1.5% come from? 
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Q: How does human capital grow? 

 

 

Investing in education and skills 

Investing in health:   

 longevity boosts saving; 

 contagious diseases reduce labor supply 
 

 

 


