Econ 480

Spring 2007

Limits to Growth.
Consider general production function
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where 
Y = output (gross domestic product).


L = input of labor.


K = input of physical capital machines, computer, etc.


R = input of depletable (non-renewable natural resources) such as oil, coal, and so forth.


A(t) = a shift factor representing technological change changing over time
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so if ( = .01 output will grow by one percent per year even if the inputs, L, K, and R remain constant.

Let 
[image: image3.wmf] represent the time rate of change.

Then 
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(1)

Where 
FL = marginal product of labor.


FK = marginal product of capital.


FR = marginal product of resources.

If factors of production are paid the value at their marginal products, then


FL = w = wage rate per worker.


FK = i = return per-unit of capital.


FR = r = return per-unit of resources.

Substitute factor price in equation and divide both sides by Y to obtain.
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(2)







           T

The term T is equivalent to
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 (3)


Now

[image: image8.wmf] = share of labor in gross domestic product.
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So using (3) and the definition of factor shares
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Equation (4) is the equation we worked with in class.


Initially we assumed that fR, the share of resources, also equal to the elasticity of output with respect to a change in natural resources is quite small equal to .1.  The output elasticity of this factor is only one-tenth.  This means that if the input of natural resources goes down by ten percent output will fall by only one percent.

Clearly a critical issue is whether fR increases in magnitude as natural resources becomes increasingly scarce.  For if over time fR increases, say to .5, the output decrease associated with a ten percent decrease in natural resources will be five percent.  Five times larger than when it was equal to .1.

Case 1.  It is easy to substitute L and K for R.  The technology is flexible and factor proportions are variable.  Machines can be operated with less energy at the cost of spending more money (capital) to make them energy efficient.

In this case a ten percent decrease in natural resources will be accompanied by a modest increase in r, the return to resources, say ten percent.

If 
[image: image12.wmf], then the share of natural resources will remain constant or nearly so.  fR  will remain small and the fall in output for a given decrease in the supply of natural resources will remain small.

Case 2.  The substitution possibilities of K and L for R is limited.

The technology is relatively rigid.  In the extreme case it is characterized by fixed coefficient.  For fixed coefficient a ten percent decrease in R will result in a ten percent decline in output Y.

For the more general case rigidity in factor proportions means that the return to natural resources will increase by a larger percentage than the decrease in the supply of natural resources - and the share of natural resources in national income will increase - over time as fR gets larger and larger - the output implications of the growing (assumed) scarcity of natural resources will get closer and closer to the case of fixed coefficients for which the percentage decrease in output is equal to the percent decrease on the supply of resources.  As R gives out the economy collapses. 
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