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Exogenous growth theory
-
The accumulation of capital

-
The golden rule level of capital

-
Population growth

-
Technological process in the Solow model

-
Growth Empirics

-
Policies to promote growth

-
Beyond the Solow model

The accumulation of capital

-
Solow growth model – to show how growth in capital stock, growth in the labor force, and advances in technology interact in an economy as well as how they affect a nation’s total output and services. 

-
for now assume the labor force and technology are fixed. 

-
The supply of goods and the production function

-
production function – output, capital stock and labor force
Y = F(K,L)

· 
The production function has constant return tu scale

zY = F(zK,zL)


-
output per worker is a function of capital per worker

Y/L = F(K/L,1)

y = f(k)
-
MPK – slope of the production function



-
The demand for goods and the consumption function


-
comes from consumption and investment

-
shown in term of per worker
y = c + i

· People save a fraction, s of their income and consume a fraction (1 – s)

c = (1 - s)y

y = (1 - s)y + i
i = sy
-
Growth in the capital stock and the steady state
i = sf(k)



c = f(k) – sf(k)

-
two forces influence the capital stock; investment and depreciation
-
investment cause the capital to rise while depreciation cause the capital to fall


-
i = sy




i = sf(k)


-
The amount of capital that depreciates each year is δk

-
Change in capital stock = Investment - Depreciation



(k = i - δk



-
at k*, sf(k) = δk or (k = 0. 
-
k* is the steady state level of capital, the long run equilibrium of the economy


-
when k < k*, sf(k) > δk, capital stock increases



-
when k > k*, sf(k) < δk, capital stock decreases

-
How saving affect growth


-
saving rate is a key determinant of the steady state capital stock






The golden rule level of capital

-
high saving, high income. But is high saving  good?
-
Consumption is important part of an economy

-
Golden rule level of capital – the steady state value of k that maximizes consumption 

-
find the steady state consumption per worker


y = c + i



c = y – i




-
substitute steady state value for output and investment



c* = f(k*) – δk*, since i  = δk at steady state
-
if k < k*gold – an increase in k raises output more than depreciation and consumption rises
-
if k > k*gold - an increase in k reduces consumption because the increase in output is less than the increase in depreciation

-
at the golden rule level, the production function and the δk* line have the same slope, so MPK = δ







-
if policymaker decides to increase k* to k*+ 1, the extra output would be 


f(k* + 1) – f(k*) = MPK

-
the extra depreciation from having 1 more unit of capital is the depreciation rate , δ

-
thus if MPK – δ > 0, consumption increases and vice versa.


-
thus at the golden rule level of capital, MPK – δ = 0


c* = f(k*) – δk*


δc/δk = f’(k*) – δ = 0


as f’(k*) = MPK


MPK – δ = 0
-
economy does not gravitate toward the golden rule steady state. So need to set saving rate to produce the golden rule level of capital




-
 if s > sgold, or s < sgold, consumption  will be lower than the golden rule steady state.
-
The transition to the golden rule steady state

-
starting with too much capital than the golden rule level




-
as s is reduced, c rises but i falls immediately, over time as k falls, y, c and i fall together  
-
the new steady state has higher level of consumption and also along the entire path

-
starting with too little capital than the golden rule level







-
as s is increased, c falls but i rises immediately, over time as k grows, y, c and i increase together  

-
the new steady state has higher level of consumption. In reaching the new level, consumption has to be reduced initially to increase consumption in the future. 

-
policymaker decides the consumption of current generations or the consumption of future generations 

Population growth

-
population and labor force now grow instead of assuming them fixed
-
when the number of worker increases, capital per worker falls

(k = i – (δ + n)k  where n = growth rate of population
(k = sf(k) – (δ + n)k  
-
(δ + n)k  is breakeven investment, the amount of investment necessary to keep constant the capital stock per worker k.


-
if k < k*, investment is greater than break-even investment, so k rises


-
if k > k*, investment is less than break-even investment, so k falls

-
The effect of population growth

-
alters basic Solow model in three ways

-
explain sustained economic growth (in total output). As n grows, k and y must also grow at rate n

-
explain why some countries are rich and others are poor. The model predicts that countries with higher population growth will have lower levels of GDP per person.

-
when n rises, break-even investment line shift upward, k* as well as y falls. 

-
affects criterion for determining the golden rule (consumption-maximizing) level of capital.

-
c = y – i



c* = f(k*) – (δ + n)k*


-
the level of k* that maximizes consumption is when



MPK = δ + n     or



MPK – δ = n    
Technological progress in the Solow model

-
Production function with the efficiency of labor


Y = F(K,L)


Y = F(K, L x E)


where E is the efficiency of labor 

-
knowledge about production methods- technological improvement.

-
health, education and skills also affect the efficiency of labor

-
L x E can be intrepreted as measuring the effective number of workers  
-
L x E grows at rate g. Eg if g = 0.03, each unit of labor becomes 3 percent more efficient each year.

-
The Steady state


k = K/(L x E ) = capital per effective worker


y =  Y/(L x E ) = output per effective worker


thus y = f(k)


evolution of k


(k = sf(k) – (( + n + g)k


where (( + n + g)k = breakeven investment







-
The effect of Technological Progress


-
at steady state

-
 k is constant



-
since y = f(k), y is also constant  y = Y/LxE =



-
 Y/L = y x E grows at rate g

-
K/L = k x E grows at rate g



-
Y = y x E x L grows at rate g + n 

-
According to the Solow model, only technological progress can explain sustained growth and persistently rising living standard.

-
The golden rule level of capital



-
steady state consumption per effective worker




c* = f(k*) - (( + n + g)k*

-
steady state consumption is maximized if


MPK = ( + n + g or MPK - ( = n + g

Growth Empirics

-
balanced growth

-
technological progress causes the values of many variables to rise together in the steady state.

-
eg Y/L and K/L both grow at rate g (In US both grew about 2 percent per year)

-
Convergence


-
the worlds poor economies tend to catch up with the worlds’ rich economies


-
if they do not converge, they will remain poor

-
According to the Solow model, if both the poor and the rich countries start off with different capital level but both have the same steady state (as determined by the saving rates, population growth rates and efficiency of labor), the economies will converge. 

-
the poor country with smaller capital stocks will naturally grow more quickly to reach the steady state (eg Germany and Japan after world war II).

-
if two countries have different steady states, they will not converge. Each country will approach its own steady state.

-
Factor accumulation vs production efficiency


-
international difference in income per person can be attributed to either



-
differences in the factors of production



-
differences in the efficiency in using their factors  of production

-
Research found that the results varies. Both are important. Positive correlation.  Efficient economy may encourage capital accumulation or capital accumulation may induce greater efficiency.

Policies to promote growth

-
changing the rate of saving

-
If MPK - ( > n + g, increasing the rate of saving will increase capital accumulation and economic growth


-
government save thru budget surplus 

-
encourage private saving - eg tax-exempt retirement account, replace income taxation with consumption taxation









MPK - ( > n + g        s must increase in order to get    (   MPK - ( = n + g

 MPK > ( + n + g          (    MPK = ( + n + g

-
Allocating the Investment

-
human capital – knowledge and skills that workers acquire through education.


-
capital include physical as well as human capital

-
Establishing the right institution


-
eg. better developed capital market


-
supportive legal system for business


-
supportive government

-
Encouraging technological progress


-
stimulate private sector to devote resources to technological innovation.


-
patern system –temporary monopoly


-
government  subsidize basic research in university 


-
tax breaks for firms engaging in R&D.

Beyond the Solow model

-
endogenous growth model – reject the assumption of exogenous technological change.

-
The Basic model


Y = AK


where A is a constant

-
the production function does not exhibit the property of diminishing return. Is this a reasonable assumption?


-
capital accumulation



(K = sY - (K



(K = sAK - (K



(Y/Y = (K/K = sA - (

-
As long as sA >  (, income grows forever

-
the assumption of constant returns to capital is reasonable if K is interpreted more broadly ( ie knowledge as capital)
-
Two sector model


Y = F(K,(1-u)LE) 
- production function in manufacturing firms


(E = g(u)E  

- production function in research university



(K = sY - (K

- capital accumulation


Where 

-
u is the fraction of the labor force in university 

-
(1-u) is the fraction in manufacturing.


-
E is the stock of knowledge


-
g is growth in knowledge (never slows down)

-
the production function in manufacturing firms is assumed to have constant return to scale -  double both inputs will double the output.

-
The model is cousin to Y = AK as long as K is broadly defined to include knowledge

-
It is also cousin to the Solow model with technological progress if u is held constant.
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