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INTRODUCTION 
-

The substitution between factors of production or between commodities is 

the primary point emphasis of neoclassical economics since its laws are based 

on the degree or ease of substitution of the relevant variables. A measure of the 

ease of substitution between commodities or between factors of production is 

the elasticity of substitution. It is well - known that in the case of the Cobb - Doug­

las production the elasticity of substitution (σ) takes the value of unity1. 

In the case of a C.E.S. production σ is not restricted a p r i o r i to the 

value of unity (or to zero in the special case of a Leontief type production fun­

ction) but is constant (constant in the sense that σ is not altered by changes in 

_ 

* I am indebted to Μ. Τ. Sumner for his constructive suggestions, comments, ad­
vice and encouragement during the preparation of this paper. Errors and omissions of 
the final product must be blamed on me. 

1. See R. C. D. Allen (1962). 

1 



the relative factor inputs and prices). It is determined by the underlying techno­
logy and its range can be any number between 0 and oo. Clearly the Cobb-Douglas 
and Leontief production functions are special cases of the C.E.S. relation. 

The literature on empirical estimation of the elasticity of substitution 
between labour and capital is vast2,while empirical work in estimating the elasti­
city between components of a single factor of production (especially for capital) 
is negligible. It is taken for granted in empirical work that σ is infinite. 

Our objective in this paper is threefold. (a) To correct Sato's estimates of 
σ for US manufacturing ; (b) to test the appropriateness of the partial adjustment 
model in this specific context, comparing the partial adjustment hypothesis with 
two alternatives and (c) to extend the period of estimation : various tax incentives 
were introduced in the US especially after 1962. 

Section (1) deals with (a) the description of the variables and (b) the deri­
vation of the model (determination of the desired capital stock ratio). 

There are a number of very different reasons why one may wish to introduce 
lagged values of the dependent variable in the model. We test the correctness of 

2. See D. W. Jorgenson (1971) and M. Nerlove (1967). 

3. A. A. Kintis (1968) tried to estimate the elasticity of substitution between equi­
pment and structures for Greek manufacturing industry. For rental ratio, he considered 
only the required rate of return ratio (see section two below). Since this ratio was constant 
for the whole period no estimates of σ could derived. See also Kintis (1973) esp. pp. 92 - 95. 
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the partial adjustment model by comparing this hypothesis with two alternatives 
(section 2). Section 3 deals with the results. Data sources and the various tax in­
centives introduced in the US corporate sector are presented in the appendix. 















3. RESULTS 

We have stressed before that Sato' s estimates of the elasticity of substitu-
tion (σ) between equipment and structures are incorrect. They have been deri­
ved with the ratio of prices of the investment goods as the independent variable. 
Since the rental ratio of the capital stocks is the correct variable (the price ratio 
is only part of the rental ratio) his estimates are biased. 

We have reproduced Sato's results (Table 2A) for two reasons : (a) for com­
parison purposes and (b) in order to be sure that we use the same set of data. 
The differences in the reproduction of Sato' s results are very small. 

It must be noted at the beginning that the estimates of σ vary around Satosl 
estimates. The overestimation or underestimarticn (in relation to Sato's resu's-
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depends on the way in which rental ratio is defined, that is on the assumptions 
made about the rate of return, the tax rate ut, the rate of replacement (δ) and the 
lifetime of capital goods allowable for tax purposes. If the pre-tax rate of return 
is constant then the two additional components of the rental ratio work in opposite 
directions e.g. the tax adjustment ratio is increased by every decrease in the tax rate 
ut while the required rate of return ratio is decreased. If the after tax rate of re­
turn is assumed constant then this ratio is constant and the tax adjustment ratio 
works in the same direction as the price ratio. In such a case the elasticity of sub­
stitution is lower than Sato's estimate while in the former case it may be higher or 
lower depending on the net effect of the two ratios. Table 2A presents estimates 
of σ and of the adjustment elasticity (λ) for composite variables, that is variables 
that have been constructed through the addition of the various components of 
the user cost to the price variable. 

Since we have assumed two alternative rates of return, two sets of results 
are presented.11 Because the variability of rit (by assumption) depends on the 
tax rate we obtained results based on the effective tax rate and on the statutory 
rate. In order to conserve space we present results based on the effective rate.12 

(There were no basic differences in the results). When r2 (after tax constant rate 
of return) is assumed the statutory corporate tax rate is used. Results are given 
separately when the technological ratio is added as a separate independent varia­
ble". 

It is clear that the results differ signifilcantly. The estimates are constrained 
by the period of consideration, the specification of the independent variable, 
the treatment of the technological change ratio and the specification of the cost 
of capital. It can be seen that σ varies between 1.5 and 3.6 for the period 1929 -
1963 and between .74 and 2.48 for the sub - period 1947 -1963. With the rental ra­
tios as explanatory variables the range of σ is between 1.5 and 2.9 for the 1929 -
1963 period and between 1.8 and 2.0 for the sub - period 1947 -1963 (with a ten­
dency of σ to be around 2.0 for this sub-period). 

The values of the adjustment elasticity also vary with the above mentioned 

11. Variables in the tables take the subscript (1) when the constant pre-tax rate of 
return assumption is used and (2) when the after-tax constant rate of return is considered. 

12. Complete regression results and summary tables based on the statutory rate are 
vailable on request. 

13. For estimation purposes, we assume that the differential in the rates of technical 
improvements is constant e.g. γ (t) = 10γt. See Sato (1967) esp. p· 211. 
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factors. It can easily be seen that a trade off exists between the values of σ and λ. 

The higher the σ the lower the λ. 

The introduction of the technical improvement ratio lowers the elasticity of 

substitution and increases the adjustment elasticity. The technical improvement 

differential is found to vary between 1.002 and 1.034 depending on the period of 

examination. The differential varies between 2.0 and 3.4 per cent for the period 

1929 -1963 and between zero and 1.2 per cent in the period 1947 - 1963.14 Since 

the estimates of σ are higher than unity it can be said that technical change is stru­

cture - saving and equipment using among capital inputs. 

The R2 is very high in all the estimated equations. No equations can be se­

lected on the basis of the R2 criterion, since in all cases its value is about the same 

(around .99). 

All the equations offer plausible results except the regressions where the 

price component (variable) of the user cost was omitted. Either negative values of 

σ or very high and unacceptable Durbin - statistics were found. This is not true 

for the two sub-periods 1947 -1963 and 1947 -1973 or for the constant after - tax 

rate of return assumption; the estimated σ' s and λ' s are plausible. (The requi­

red rate of return ratio is constant, so the variable is the tax adjustment ra­

tio. One would expect these results since numerous tax changes took place during 

1954-1969 in order to promote capital spending. It seems that fiscal measures 

can change the composition of the capital stock15). 

Tables 2B and 2C present the coefficients of the estimating equations for 

different combinations of the components of the rental ratio where these compo­

nents are entered in the estimating equation as separate explanatory variables. 

The coefficient of the Wit was found to be positive and significant for the 

periods 1929-1963 and 1947- 1973. This result means that an increase in the 

required rate of return ratio will increase the equipment- structures stock ratio: 

an increase in the former ratio can occur either through a decrease in the cost of 

capital (r) because 5B > 5s or a suitable change in the depreciation rates (change 

in the useful lifetimes of the capital goods). Therefore a decrease in r will increase 

the equipment - structures stock ratio. This result is contrary to our expectation. 

We would expect a decrease in r to have a greater effect on the longer lived asset 

viz. buildings. The explanation that seems most obvious is that the constant 

14. The maximum differential used by Solow (1962) was 2 per cent. 

15. See Appendix Table Al. 
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pre - tax rate of return assumption is not the correct assumption in this specific 
context. 

The coefficients of the tax adjustment variables are significant and negative 
when the tax variables are included in the estimating equation as separate inde­
pendent variables (except for the sub-period 1947- 1963). Their coefficients are 
higher than the relevant coefficients of the price variables. Fiscal incentives tend 
to influence the structure of the capital stock in a significant degree. 

When the three components of the rental ratio are inserted as separate ex­
planatory variable the coefficients of the Wit and Ttt are insignificant. The coeffi­
cients of the Τit ratios for the periods 1929- 1973 and 1947-1973 are high and 
significant. 

When the price variable was omitted the coefficients of the Wit and Tit were 
either insignificant or a high value of the Durbin - statistic was obtained. 

The results (Tables 3A, 3B and 3C) for extended period 1929 -1973 and sub-
period 1947 -1973 are about the same with a tendency of an increased σ especially 
in the sub-period 1949-1973. The tax adjustment variables (Tit) have a signifi­
cant and negative coefficient when they are added as separate variables. The Dur­
bin - statistics of these equations are within the acceptable range.17 

It seems that tax incentives played an important role in the composition of 
the capital stock through their effect on the demand of the various capital goods.18 

The Durbin - statistics are very high for the price variables in the extended 
period and sub - periods. The relevant Durbin - statistics for the rental variables 
are inside the acceptable range. 

4. SUMMARY AND CONCLUSIONS 

The results presented in this paper lead to the following conclusions. 

a) The elasticity of substitution is much less than infinite. The estimates of σ 

17. See Durbin J. (1970). 

18. See Table Al in the Appendix where the effects of selective tax incentives on the 
rental ratio are presented. 
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differ significantly (variation ranges between .84 and 2.92) and are constrained by 
the period of consideration, the specification of the rental ratio, the addition of 
the ratio of technical change and the constant pre-tax or after - tax rate of return· 
σ is higher for longer periods than for shorter periods of consideration. Its va­
lue decreases significantly when the ratio of technical change is added as an ex­
planatory variable. With the constant pre - tax rate of return assumption we got 
results contrary to our expectations. The coefficient of the required rate of re-
urn ratio tends to be positive and significant. Estimates of σ are higher than esti. 
mates based on the constant after - tax rate of return assumption. 

b) The relative rentals play an important role in explaining the observed change 
in the composition of the capital stock. 

c) Tax incentives seem to have affected considerably the composition of the 
capital stock. 

d) Technical improvement found to be more rapid for equipment than struc­
tures. (Technical change equipment using). 

e) The estimated low coefficients of adjustment suggest limited ex post-substi-
tutability of the components of the capital stock. 





Tax Incentives 

a ) A c c e l e r a t e d D e p r e c i a t i o n 

The adoption of accelerated methods for computing depreciation in 1954 
involved a change from straight line depreciation to either sum of the years' di­
gits on double declining balance formulas. Since the sum of the years' digits of-
ifers a slight advantage over double decline, we have assumed that accelerated de­
preciation was taken in the form of the sum of the years' digits. 

b ) I n v e s t m e n t T a x C r e d i t a n d L o n g A m e n d m e n t 1962 

An effective rate of tax credit of 6 per cent was taken for manufacturing equip­
ment (3 per cent for 1962). 

The imposition and subsequent repeal of the Long Amendment first elimina­
ted the tax credit from the depreciation base in 1962 and 1963 (k'=k) and then 
restored it in 1964 and subsequent years (k' = 0). 

c ) I n v e s t m e n t C r e d i t S u s p e n s i o n 1966 

We have ignored the investment Credit Suspension since the suspension was 
η effect only from October 10 1966 to March 9 1967. 

d ) E n d o f t h e i n v e s t m e n t C r e d i t f o r 1969. 

e) S e r v i c e L i v e s 

Estimates of the lifetimes of assets allowable for tax purposes were taken 
from Hall and Jorgenson [1971] p. 31 and are as follows : 
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