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Long Run Growth

· Classical
· Neo-Classical
· Keynesian
Frank P. Ramsey (1903-1930)

Ramsey’s article A Mathematical Theory of Saving (1928) introduced the use of the calculus of variations to growth theory. The idea behind Gossen’s equi-marginal principle was thereby extended to the analysis of how an infinitely lived consumer—imagine an isolated Robinson Crusoe figure or a planned economy—decides how much to consume and how much to save at each moment in time. The amount saved gets invested and adds to society’s stock of physical capital and this, in turn, raises future output. In this way, the sacrifice of current consumption enables greater future consumption. We save all additional income up to the point at which the added unpleasantness of the sacrifice of an additional unit of current consumption is equal to the added happiness of the resulting additional future consumption. This rate of saving determines how rapidly capital is accumulated and how fast the economy grows in the short run. In the long run, the economy reaches a steady state.
Partly due to its mathematical difficulty, Ramsey’s paper was forgotten until it was further developed by David Cass and Tjalling Koopmans in the 1960s into a theory of long-run growth for a decentralized market economy.

See http://en.wikipedia.org/wiki/Ramsey_growth_model for further details.
Roy F. Harrod (1900-1978) and Evsey D. Domar (1914-1997) 
Since saving (S) must be equal to investment (I), the economy’s rate of growth may be written as 
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 = Productivity of Investment ( saving rate. Let us assume that the productivity of investment is not affected by the saving rate. Then the growth rate would rise when the saving rate rises and fall when the saving rate falls.

The constancy of the productivity of investment follows from the assumption that capital and labor are used in fixed proportions. Suppose that each worker always uses 2 machines and that a worker equipped with 2 machines always produces 8 units of output. Then, if investment results in 6 new machines for the economy, output would increase by 24 units, assuming 3 additional workers are available to use the 6 new machines. In other words, if I = 6, then (Y = 24 and productivity of investment is (Y/I = 24/6 = 4. Similarly, it can be checked that if I = 4, then (Y = 16 and productivity of investment is (Y/I = 16/4 = 4. In other words, when work is done by workers and machines combined in fixed proportions, the productivity of investment is constant.

A related issue is that this assumption of fixed proportions implies that the capitalist economy is unstable. Let us continue with the example in the previous paragraph. Suppose investment results in 6 new machines for the economy. Assume also that everybody was fully employed last year and that there has been no increase in population this year. In that case, there would be no workers available to utilize the new machines and, therefore, output would not increase. That is, (Y would be zero. Productivity of investment would be (Y/I = 0/6 = 0. So, we see that the economy’s growth rate wouldl fall below the Harrod-Domar rate if population grows slower than necessary. On the other hand, suppose everybody was fully employed last year and population grows by 5 workers this year. To utilize the 6 new machines we needed 3 workers. As a result, 2 workers would be unemployed. Only if by coincidence population grows by exactly 3 workers would the economy grow according to the Harrod-Domar formula with full employment. In general, either growth will fall short of the Harrod-Domar rate (when population grows less than necessary) or there will be unemployment (when population grows more than necessary). In other words, the capitalist economy would pretty much always be in some kind of trouble.

Robert M. Solow (1924- ) and Trevor Swan

Solow’s 1956 theory allowed capital and labor to be used in variable proportions. This innovation yielded a theory in which (a) the saving rate does not affect the rate of growth, and (b) the free-market economy is stable. The rate of growth in the Solow-Swan theory depends entirely on the rate of technological progress, which is regarded as exogenous. 

Imagine an agricultural economy that produces only corn. If the entire harvest is consumed, there would be nothing left to add to the economy’s store of seeds (or, physical capital) for use in future cultivation. The higher the saving rate, the greater is the amount of corn that is set aside as seeds (capital) for future use. (This would seem to suggest that high saving rates lead to faster growth, as in the Harrod-Domar theory. But wait!) Some of the accumulated seed depreciates (rots or becomes unusable for some reason) every year. The lower the rate of depreciation the higher the amount of seeds (capital) that will be available in the future. Solow and Swan assume, quite reasonably, that the higher the amount of seeds (capital) per worker, the higher the output of corn per worker. But diminishing returns creates a problem: after a while, adding to the stock of seeds (capital) per worker by saving part of the current harvest does not lead to an increase in output per worker that is large enough to exceed the loss of corn due to depreciation. At that point, growth ceases and the steady state is reached. The only way to achieve continued growth is through technological progress; just being thrifty will not do it. Also, technological progress is exogenous or beyond anybody’s control—like the weather. As a result, there is very little that can be done in the Solow-Swan world to raise the economy’s long-run growth rate.
Solow also showed how one could measure the extent to which a country’s growth is due to the increased use of productive resources or to greater efficiency in the use of those resources. His statistical studies showed that the main reason for US growth was technological progress (in the effectiveness with which we use our resources): about four-fifths. Solow’s statistical technique is called growth accounting.
See http://en.wikipedia.org/wiki/Solow_growth_model for details.
David Cass (1937- ) and Tjalling C. Koopmans (1910-1985)

Cass and Koopmans updated Ramsey’s theory in the 1960s by making explicit the link between the optimum and equilibrium growth paths. They successfully derived the Solow-Swan results without assuming a constant and exogenous rate of saving as Solow and Swan did. In particular, the long-run rate of growth of per capita income is still equal to the exogenous rate of technological progress.
Paul Romer
Romer introduced endogenous technological progress and imperfect competition in growth theory in the late 1980s. The growth rate now depended on the rate of investment on research and development. Finally, technological progress had become endogenous. Because of profit-seeking research by inventors who earn royalties from the patents granted to their inventions, output per worker keeps rising steadily over the long run despite diminishing returns to accumulated capital and despite depreciation of accumulated capital.
Romer’s theory emphasizes the need for government funding of fundamental research and the need for adequate protection of the intellectual property rights of innovators.

Sources:

Economic Growth by Paul M. Romer at http://www.econlib.org/library/Enc/EconomicGrowth.html
http://www.econlib.org/library/Enc/bios/Solow.html
http://www.econlib.org/library/Enc/bios/Harrod.html
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