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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 iswell - known that in the case ofthe Cobb - Doug-
las production the elasticity of substitution (o) takes the value of unity'.

In the case of a C.E.S. production o is not restricted a priori 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 o is not altered by changes in

* 1 am indebted to M. T. 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).



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 vast’,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 o is infinite.

Sato [1967] presented estimates of the elasticity of substitution between the
two main components of the capital stock, equipment (E) and structures (S) for
the U.S. privately - owned manufacturing establishments. His objective was the
construction, as a first step, of a consistent aggregate capital stock which was
going to be an argument in a generalised C.E.S. production function. Although
Sato’ s formula has derived from a constrained minimisation problem, the desi-
red equipment - structures ratio which he derived, was a function of the relative
prices of the investment goods rather that the rentals of the services of the stocks.

This would be correct in the absence of any tax considerations and in the case
r+3E

when the required rate of return ratio ( ——— )3, is costant for whole period (only
r+8S

the constant of the functions would then be affected).

Our objective in this paper is threefold. (a) To correct Sato's estimates of
o 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 o could derived. See also Kintis (1973) esp. pp. 92 - 95.
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the partial adjustment model by comparing this hypothesis with two aternatives
(section 2). Section 3 dealswith the results. Data sources and the various tax in-
centives introduced in the US corporate sector are presented in the appendix.

1. (a) DESCRIPTION OF THE VARIABLES

The variables are defined as follows :

qz(t)

Zi= — where g, gs are price of the investment goods
qs(t)
Kx(t)

Xt = —— where Kg, Kg are capital stocks
Ks (1)
Cg(t)

= - where Cu, Cg are rentals (user costs).

Cs(t)

The rental of the K; component of the capital stock is given by 4

1—k—uLi 4+ k' L;
G oq(r4d). —mMm
l—u

4. See Hall and Jorgenson (1967).



Then the ratio of the rentals of equipment and structures becomes

qe (r4+6r) I—k—ulg--k'ulLg
[ B ) . _—
qs (r+8s) 1—ulLs

(k and k' are zero for structures) where,

k = rate of investment credit

k' = the proportion of the investment credit that must be deducted from
the depreciable base of assets on which the credit is claimed.

L = the present value of the stream of depreciation for tax purposes stem-
ming from one dollar of current investment

r = the cost of capital

dg, 8s = physical depreciation rates.

The rental ratio is decomposed into three rat‘sio namely :

l—k—uLx--k’ uLx
Ci =ZtW Tt, where T = tax adjustment ratio.
1—ulLS

Two alternative hypotheses concerning the cost of capital have been assu-
med ; firstly, we assume as Hall and Jorgenson [1971] did that the pre - tax rate
of return is constant. Hence the after tax rate of return is given by the formula,

ng=(l —u)p where = w¢ corporate tax rate and

p=.20 (fixed pre-tax rate).



Secondly, we assume the net rate of return r2 to be constant at .15 level (after
tax rate of return constant).

The first hypothesis, according to Harberger [1971], is implausible for the
United States. An indirect rejection of this hypothesis could be based on our es-
timates 3.

yr(t)

vE, Ys telhnical improvements in equipment and structures
7s(t) respectively.

“{t =

I. (b) DERIVATION OF THE MODEL

We proceed in the analysis by assuming that the production function is of
the C.E.S. form with arguments n factors of production or n components-of a gi-
ven factor or a combination of the two 6. We further assume for simplicity that
returns to scale are constant and that facior markets are competitive.

Since our objective is the estimation of o between components of the capital
stock. we assume that an aggregate index of capital can be written as,

g . ~1p
k= [oik) O]
i=
where
[—o
p=-—1\,—1< p< o0, and o is the elasticity of substitution’. The assump-
87

tions underlying (1) are (a) that there exists a certain degree of substitubility be-
tween different types of capital goods and (b) that o is the same between any pair
of the capital stock.

5. See section 3.
6. See Coen R. M. (1969).

7. Equation (1) corresponds to one of Sato’s (1967) lower level (first level C. E. S.
functions).



In the special case in which the arguments of (1) are the stocks of equipment
and structures we get,

& B el
ko = Pouky, +bskl 17 )

The constrained cost minimisation function will be of the form,

- ’ ]
H = Cg kg -+ Cs ks — p[k - bekr P+ bsks 7] Ip -

The first order conditions for cost minimisation are,

asH
—— = Cg—pubrY 1P P beso (4.2)
okr
aH
= Cs—pbsY ! TP Pl @4.b)
oks
oH
ek [buks P bk PP =0 4.0)
op

Dividing equation (4.a) by (4.b) and rearranging we get :

ket) bz 10 1 Cew 7-0
s ___l [ } or

Kst) bs Cs)



t t )]

where

x* is the equilibrium stock ratio. If allowance for technological improve-
ments is made 8 in the construction of the stock of capital, e.g. (5) becomes,

o -0 00—l
xt=b" C v (©)
where
YE)
Yy == and
Tty

viis the efficiency level of factor ki 9.

Equations (5) and (6) are estimated for the United States manufacturing in-
dustry, Data sources are given in the Appendix.

2. SEARCH FOR THE CORRECT STATISTICAL MODEL

It has been shown that the equilibrium ratio is of the form of equation (5)
or (6). A random term is added in (5) or (6) in view of the stochastic nature of ob-
servations. Then we get,

2 =b” gt ue™. )

8. See Sato (1967) p. 206.
9. Equation (6) can be easily derived where ki is substituted with S; = ¥yit)kit,.



Equation (7) in logarithmic form is written as,
log x* = clogh — ologCt -+ ui. ®

The disturbances uy are distributed with zero mean and constant variance.

A naive approach to the estimation of equation (8) would be to assume that
the desired composition of capital is achieved instantaneously, e.g. x; = x*; for
all t. Then (8) becomes,

logxi = ologb — ologCi -+ vi. 9)

Estimation of equation (9) showed the existence of serially correlated resi-
duals. (Durbin -Watson test). Since nothing is known about the serial correla-
tion properties of u¢ in (8) only assumption can be made about the reasons that
caused the serial correlation in the residuale of (9).

Two alternative assumptions can perhaps be made about the correlation pro-
perties of the disturbances uy in equation (8); either (a) the ut are serially indepen-
dent or (b) they are serially correlated.

In the former case, the partial adjustment hypothesis can be offered as an
explanation of the correlated residuals of equation (9). The partial adjustment mec-
hanism is of the form!0.

[ Xt
Xt-1 !

Substitution of equation (8) in equation (10) gives,

t i
. [*_ ] 0<y< 1 (10)
Xg-1 4

logxy ollogb — o)logCi +- (1—X) logxt—y 4~ Auy. (11)

10. The strong assumption of equal adjustment rates of equipment and structures
to their optimum is implicit in equation (10).
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Since the disturbances ut are serially independent (by assumption) then the
disturbances in (11) are also serially independent. The serial correlation in the
residuals of equation (9) can be explained through the omission of the lagged de-
pendent variable (Xt — 1)

The alternative assumption is that the disturbances u; are serially correla-
ted. In such a case the serial correlation in the residuals of (9) is explained by a
serial correlation model. We assume that the disturbances follow a first - order
autoregressive scheme of the form,

Vi = pVi—1 + €t (12)

where the e; are randomly distributed with zero mean, constant variance and zero
convariance.

Substitution of equation (%) into equation (12) yields

logxt = o(1-p)logb — ologCy -} plogxi—1 + pologCii -+et (13)

Discrimination between equation (I1) and equation (13) could be a very dif-
ficult task. The partial adjustment model may work (it may yield significant and
sensible coefficients and it may reduce the serial correlation) although it is the
wrong model. Grilliches [1961] points out that as long as there are some exoge-
nous variables in the model, we can distinguish (with great difficulty) between the
two hypotheses. The criterion, he suggests, i1s to add in equation (11) the va-
riable Ciy : if the coefficient of C 4 is significant. has an opposite sign to Ct
and is approximately equal to the product of the coefficients of Cy and xi—g,
then we may conclude that the partial adjustment specification is the wrong one.

Table (1) presents the coefficients of the lagged independent variable for the
period 1929 - 1963.



TABLE 1

Coefficients of the lagged one period independent variable

i
-f () (b) ©
|z | Cit-1 r Cat-s
_ﬂ_—-:-(‘];;;&_ﬂm o _--'—.0765 I N —.11863
co6719) | (06883) | (:06372)

(a) price ratio.

(b) rental ratio calculated on the assumption that the pre-tax rate of return is con-
stant (ry).

(c) rental ratio calculated on the assumption that the after-tax rate of return is

constant (ra).

The coefficient of the lagged one period independent variable— independently
of how we specify the independent variable — has a wrong sign and is insignifi-
cant. We may conclude that partial adjustment is the correct hypothesis. Estima-
tes of equation (11) are given in the following section.

3. RESULTS

We have stressed before that Sato' s estimates of the elasticity of substitu-
tion (o) 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 o 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 (d) 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 0 and of the adjustment elasticity (A) 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.'' 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.'”
(There were no basic differences in the results). When 12 (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 ¢ 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 ¢ is between 15 and 2.9 for the 1929 -
1963 period and between 18 and 2.0 for the sub - period 1947 -1963 (with a ten-
dency of o 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. y (t) = 10yt. See Sato (1967) esp. p- 211.

11
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factors. It can easily be seen that a trade off exists between the values of o and A.
The higher the o the lower the A.

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." Since
the estimates of o are higher than unity it can be said that technical change is stru-
cture - saving and equipment using among capital inputs.

The R’ is very high in all the estimated equations. No equations can be se-
lected on the basis of the R” 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
o 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 o' s and A' 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 stock').

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 ofthe 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 Tit 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 o 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."”

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."

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 o

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-
o 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 o 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.

¢) 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.



APPENDIX
Data Sources

The data have been taken from US national income statistics (Department of
Commerce) and from various issues (mainly July issues of the survey of Current
Business. The Capital stock is calculated as

ki(t)  Li(t) -+ (1 — &) kig— 1)

Ii (t) is deflated gross investment in period t (1954 prices). For the period
1963 - 1973 gross investment is given in 1958 in 1958 prices. Investment at 1958
prices is transformed to 1954 prices through the use of a linear regression on data
for the common years.

I current prices I current prices
~—— = Q+6b T
I 1954 prices I 1958 prices

The capital stock for extended period 1963 - 1973 has been calculated accor-
ding to (1).

Double declined depreciation pattern has been followed both for equipment
and structures. The average life of equipment is assumed !9 to be 17 years (3g =
-1176) and for that of structures 40 years (3s = .05)

Two alternative measures for the corporate tax rate were used. (a) an effe
ctive rate defined as the ratio of the Federal and State tax liability to gross corpo-
rate profits in manufacturing and (b) the statutory tax rate20.

19. See G. Jaszi, R. C. Wassom and L. Grose (1962) esp. Table 7, p. 18.
20. The statutory tax rate is taken from J. A. Pechman (1971), Table A3. pp. 258 - 259,
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Tax Incentives
a)Accelerated Depreciation

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)Investment Tax Credit and Long Amendment 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)Investment Credit Suspension 1966

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

d)End of the investment Credit for 1969.

e)Service Lives

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

Asset Lifetimes

(years)

Period Equipment Structures
1929 - 54 17.5 27.8
1955 16.3 25.3
1956 - 61 15.1 22.8
1962 -73 13.1 22.8

Indicatively the effects of selective tax incentives on the rental ratio are gi-
ven in Table Al.
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