Lecture Twenty-Six:
Long Run Growth and Technological Change
{Neutral Technological Change, Constant Returns to Scale, Intensive Form, Capital/Labor Ratio, Balanced Growth Investment, Long Run Equilibrium, Endogenous Technological Change, Explosive Growth}

Long Run Growth
30
Recall the Aggregate Production Function.
1.
In the Long Run, capital and the state of technology are not fixed.


i.
Since capital is variable, it is no longer denoted with a bar over it.


ii.
Since the state of technology is variable, we include an additional input, A, to denote the state of technology.


iii.
Thus, the Long Run Aggregate Production Function is Y=F(K,N,A).

2.
From the long run aggregate production function, one sees that change in output over time results from changes in capital, employment, and technology.


i.
 Changes in capital over time result from investment in new capital goods and maintaining existing capital goods less the depreciation of existing capital goods.

ii.
Changes in employment over time result from changes in the size of the labor force and changes in structural rate of unemployment.  Thus, in the long run, the economy is at full employment.


iii.
Changes in the state of technology result from innovation: improvements in managerial strategies; improvements in the quality and skill of labor; introduction of new and speedier tools and equipment; intensification of the division of labor; or anything else that increases the level of output that can be produced from the same level of inputs.

3.
We now consider the neoclassical growth model and what is called new growth theory.


i.
The neoclassical growth model was developed in the 1950s by the neoclassical-Keynesian synthesis macroeconomists.  It maintains a strong classical bent to it; i.e., the supply-side is dominant.


ii.
The new growth theory also focuses on the growth in the productive capacity of the economy.


iii.
But, where the neoclassical growth theory possesses an exogenous theory of technological change, the new growth theory models processes of endogenous technological change.


iv.
For this reason, new growth theory often is called endogenous growth theory.
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Solow (Neoclassical) Growth Model
1.
Assumptions about the production function.

i.
Assume that technological change is neutral in the sense that technological change increases the marginal productivity of labor and capital by the same amount.  


ii.
Under this assumption, the variable for the state of technology, A, can be pulled out of the production function and treated as a scalar: Y=A*F(K,N).

ii.
Next, assume that the state of technology improves exogenously and depends only on time, t.  Thus, as time passes, technology advances.

iii.
Thus, the aggregate production function for the neoclassical growth model can be written as: Y=A(t)*F(K,N)

iv.
Third, assume constant returns to scale so that as K and N rise in the same proportion (e.g., 15%), Y also rises in the same proportion (e.g., 15%).


v.
Under this assumption the aggregate production function can be expressed in its intensive form: q=A*f(k).


vi.
In this expression, q=Y/N (output per worker) and k=Y/N (capital/labor ratio) and f(k)=F(K/N,1).  Output and the inputs have been divided by size of the labor force.



vii.
Due to diminishing returns to capital there is also diminishing returns to capital-per-worker.  Thus, for additional increases in k, the increase in q diminishes.
2.
The capital/labor ratio depends on the rate of investment, labor force growth and depreciation. 


i.
Assume that all saving is translating into investment and that the rate of saving is v (i.e., v percent of income is allocated to saving): I=v*Y.

ii.
Per worker, i=v*q=v*[A*f(k)]; where i=I/N.


iii.
Thus, the intensive form of the production function maps income or output per worker and the per-worker investment functions maps the investment per worker against the capital/labor ratio.  The difference at a given capital/labor ratio is the level of consumption.

iv.
Depreciation and population growth decrease the capital/labor ratio.


v.
Suppose capital depreciates at a constant rate of depreciation, d.  Thus, each period d*k of capital per worker is used up.  That is, each period depreciation reduces the capital/labor ratio by d*k.


vi.
Suppose the labor force grows at a constant rate of population growth, n.  If N grows by n percent, then K/N shrinks by n percent.  Thus, each period population growth reduces the capital/labor ratio by n*k.

vii.
Thus, the growth rate of the capital/labor ratio is i-(n+d)k.


viii.
The balanced growth investment occurs when i=(n+d)k.  In this case, investment to maintain and create new capital is offset by depreciation and the addition of new workers and the capital/labor ratio is constant.
3.
Equilibrium and the steady-state long run growth rate.


i.
Comparing the per worker investment function with the balanced growth shows a unique capital/labor ratio, k*, at which the capital/labor ratio is stable. 


ii.
For k>k*, the effects of depreciation and population growth are outpacing the investments in capital/labor (i<(n+d)k) and the capital/labor ratio is decreasing.


iii.
For k<k*, investment in capital/labor is outpacing the effects of depreciation and population growth (i>(n+d)k) and the capital/labor ratio is increasing.


iv.
At k0=k*, the capital/labor ratio is steady.  When the capital/labor ratio is steady, the level of output per worker is also steady.

v.
This indicates the steady-state equilibrium at which the capital/labor ratio and output per worker are stable.  Note it is a dynamic setting because the size of the labor force is increasing from one period to the next.  Thus, for output per worker to be stable, output is growing at the same rate, n, as the labor force.
4.
An increase in the rate of saving and the Solow growth model.


i.
An increase in the rate of saving, v, translates directly into an increase in the rate of investment.

ii.
Specifically, an increase in v indicates an upward shift in the per worker investment function i.


iii.
Now long fun growth is no longer in equilibrium: i>(n+d)k at k0.


iv.
Thus, the capital/labor ratio increases until equilibrium is again achieved at k1 where i=(n+d)k.

v.
The result is a one time increase in the capital/labor ratio and a one time increase in output per worker.  Thus, the growth rate of q is positive in the transition period, but returns to zero once the new long run growth equilibrium is achieved.
5.
Exogenous technological change and the Solow growth model.

 
i.
As technology progresses through time and increases exogenously, the output per worker production function will shift up.  At every level of the capital/labor ratio, more output per worker can be produced.

ii.
If more output per worker, i.e., more income per worker, is generated at every level of the capital/labor ratio, then the investment per worker function will shift up also (i=v*[A(t+1)*f(k)]). 


iii.
Now, at k0 there is i>(n+d)k.  Thus, the capital/labor ratio will increase until equilibrium is achieved at k1.


iv.
The result is that output per worker increases because (i) technological advance and (ii) technological advance induced capital deepening.


v.
Again, there is a one time increase in output per worker and the capital/labor ratio.


vi.
The neoclassical growth model is a model of exogenous growth because it concludes the rate of per capita GDP growth results from continuous technological advance.  That is, long run growth is the result of an exogenously growing state of technology.
30
Endogenous growth theory
1.
Developments in the last 30 years with neoclassical economics have moved towards endogenizing technological change.

i.
Suppose now that the growth rate of technological change depends on the amount of resources devoted to innovation and the existing level of technology.


ii.
Of the total level of capital Kt, aK is allocated to innovation and 1-aK is devoted to producing final goods.


iii.
Similarly, of the total level of labor force Nt, aN is allocated to innovation and 1-aN is devoted to producing final goods. 

iv.
Thus, the production function of output and the production function of innovation can be written respectively as:
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2.
Endogenous Growth and the Potential for Explosive Growth


i.
Even if the assumption of constant returns to labor and capital is maintained, the possibility of explosive growth arises if technological growth exhibits increasing returns to technology.


ii.
Consider a one time increase in the saving rate.


iii.
This initially will lead to a one time increase in the growth of K.


iv.
Since K increased faster, there is more K to allocate to innovation and the growth rate technological growth increases.

v.
Now, the state of technology is higher for subsequent time periods.  Increasing returns to technology implies that the growth rate of technological growth will continue to increase.

vi.
Continuous increase in the growth rate of technology, then, leads to continuous increase in the growth rate of output Y.
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