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THE QUANTITATIVE IMPACT OF TAX POLICY
ON INVESTMENT EXPENDITURES
by

Robert E. Hall and Dale W. Jorgenson

1. Introduction

‘Tax policies for controlling investmeni expenditures by providing
incentives or disincentives through tax credits and accelerated deprecia-
tion are now a permanent part of the fiscal policies of the United States
and many other countries. However, the guantitative study of tax
‘"incentives has lagged far behind the study of policies which operate’
directly upon income. For example, the multiplier effect of the tax cut
of 1964 has been estimaied with some care; much less is known about
the quantitative effect of the investment tax credit of 1962, In view of
the many proposals now current to apply the tax incentive system in other
sectors, notably low-cost housing, tax policies of this kind clearly call
for extensive empirical study.

The effectiveness of tax policy in altering tax policy has been
established in a qualitative sense by a number of authors; their argument

can be stated in its essence as follows: If capital services cost less as

1 ,
a result of tax incentives, businessmen will employ more of them. This




view 1s not free of ambiguities even at the qualitative level, For example,
a reduction in the tax rate would appear to reduce the burden of the
corporate income tax and to act as a stimulus to investment. But as
Samuelson [39] has demonstrated, a reduction in the tax rate may make
assets more atfractive, less attractive, or equally attractive to the
investor, depending on depreciation allowances for tax purposes., At a
further remove a change in the iax rate may increase, decrease, Or leave
unchanged the cost of financiai capital prevailing .in the economy. 2 The
effect of a reduction in taxes depends on the responsiveness of saving

as well as that of investment to the proposed tax change.

Even where the gualitative implications of a tax change can be
clearly and unambiguously derived, the important guestions for economic
policy - -how much investment? when will it occur?--are left unanswered.
A stimulus to investment may have large effects or small. The resulting
investment expenditures may take place immediétely or may be spread
over a considerable period of time. To determine the effects precisely a
quantitative analysis of investment behavior ig required. In two previous
papers [18, 19] we have presented an econometric model designed for the
specific purpose of studying the effects of tax policy on investment behavior.
We have estimated the unknown parameters of this mode!l from annual
data on investment expenditures for the non-farm sector of the United
States beginning with the year 1929. Given the empirical results;, we
have calculated the effects of tax policy on investment behavior in the

post-war period. Specifically, we have studied the effects of the adoption




of accelerated depreciation in 1954, new lifetimes for depreclation in
1962, the investment tax credit in 1962 and its modification in 1964,
and suspension of the investment tax credit in 1966-7.

The purpose of this paper is similar to that of our previous papers.
We first re-estimate our economeiric model of investment behavior,
taking data that have become available since our earlier studies into
account. We have revised our economeiric technique to take account of
recently developed methods of estimation. With these changes we obtain
a new set of investment functions for the non-farm sector of thel United
States. We employ these investment functions to characterize the effects
of the adoption of accelerated depreciation in 1954, the adoption of new
lifetimes for depreciation and the investment tax credit in 1962, the tax
cut of 1964, and the effects of suspension of the tax credit and accelerated
depreciation for structures in 1966-7. As originally proposed, the
suspengion of 1966 was to extend over the period from October 1966 to
December 1967; the suspension was lifted in Mérch 1967. We calculate
the effects of the suspension that actually took place and the hypothetical
effects of a suspension through December 1967, as originally proposed.

The evolution of tax policies during the posi-war period provides
a broad range of experience for a quantitative study of the effects of tax
policy on investment behavior. On the basis of our analysis of this
experience, we conclude that tax policy nas been highly effective in
changing the level and timing of investment expenditures. Tax policy

has also affected the composition of investment expenditures in the




non-farm sector. The adoption of accelerated methods for depreciation
and the reduction in depreciation lifetimes for tax purposes have
increased investment expenditures substantially. They have also
resulted in a shift in the composition of investment away from equipment
toward structures. The investment tax credit has been limited to equip-
ment. The adoption of the investment tax credit has been a potent
stimulus to the level of investment; the credit has also shifted the
composition of investment toward equipment,

An econometric model of investment behavior has a decisive
advantage over a purely qualitative analysis of the effects of tax policy
as a basis for policy-making., At the same time our study has important
limitations that must be made explicit at the outset. Our calculations
are based on a partial equilibrium analysis of investment behavior., A
general equilibrium analysis would be required to determine the full
effaecis of a change in tax policy. We calculate the eiffects of tax policy
on investment behavior given the level of investment goods prices, the
cost of financial capital, and the level and price of output. Obviously,
the results derived from a complete econometric model - -incorporating
our econometric model of investment and an explanation of investment
goods prices, the cost of financial capital, and the level and price of
output--could differ substantially. No econometric model of this scope
is currently available so that such a general equilibrium analysis of tax
policy, however desirable, is presently infeasible. For gquantitative

analysis we are forced to choose between an econometric model of




investment behavior that adequately reflects the direct effects of tax
policy on investment and general equilibrium analysis based on the more
traditional _e_a_@ hoc explanations of investment behavior. This important
gap in the study of macro-cconometric models could be remedied by
combining our model of invesiment behavior with an explanation of the
supply of investment goods, the supply and demand for consumer goods,

and the supply of saving.

2. Theory of investment behavior.

Our econometric model of investment behavior is based on the
theory of optimal capital accumulation. This theory can be approached
from two alternative and equivalent points of view. 4 First, the objective
of the firm may be taken as the maximization of its market value. Given
a recursive description of technology --output depending on the flow of
current input and of capital services and capital depending on the level
of investment and the past value of capital--maximization of the market
value of the firm implies that the marginal product of each current input
is equal to its real price and the marginal product of each capital service
is equal to its real rental, In a second approach to the theory the objective
of the firm is maximization of profit defined as the difference between
current revenue and current outlay less the rental value of capital services.
The rental price of capital services is determined from the condition of
market equilibrium that equates the value of an asset and the sum of

discounted values of all capital services from that asset. These two




alternative approaches lead to the same theory of the firm., We take
maximization of profit as the objective of the firm and determine an
appropriate price of capital services from the price of capital assets.
Tax policy affects investment behavicr through the p]_rice of capital
services,
Two objections to the theory of optimal capital accumulation as
a basis for an econometric model of investment behavior must be discussed
before we develop the theory in detail. First, a substantial body of data
from surveys on business decision-making suggests that "marginalist"
considerations such as the cost of capital and tax policy are irrelevant
. to the making of business decisions to invest. This evidence has been
carefully analyzed by White [50], who concludes that the data from
surveys are defective even by the standards of noneconometric empirical
work and that no reliance can be placed on conclusions drawn from these
data. A second objection is that previous attempts to analyze investment
behavior on the basis ¢of neoclassical thec#y have not been successful.
This objection is valid so far as the first attempts to apply neoclassical
theory are concerned. Negative results have been reported by Tinbergen,
Roos, and Klein for models incorporating "marginalist' considerations.
However, an econometric model based on current formulations of the
neoclassical theory provides an explanation of investment expenditures
superior to that of its competitors--the flexible accelerator studied inten-
si{rely by Eisner [ 11] or the combinations of capacity utilization,

liquidity, and the rate of interest studied by Anderson {2] and by Mevyer




and Glauber [33] _.6 Turther, the predictive performance of the neoclassical
model is superior to that of models based on alternative theories of
investment behavior. !

In addition to the direct support for the neoclassical theory from
econometric studies of investment behavior, indirect support is provided
by econometric studies of cost and production functions. 8 The evidence
from these studies is overwhelmingly favorable to neoclassical theory.
Current empirical research emphasizes such techﬁical guestions as the
appropriate form for the production function and the statistical specifica-
tion of econometric models of production. As an example, Nerlove [36]
has recently surveved a iiterature running to over forty references devoted
solely to estimation of the elasticity of substitution. 1In this literature
the neoclassical theory of the firm is taken as a point of departure. The
purpose of the empirical reseérch reviewed by Nerlove is to give more
precise results within the framework provided by neoclassical theory.

We turn now to a detailed analysis of the relationship between
tax policy and invesiment behavior. First, the objective of the firm is to
maximize profit. Profit is defined in a special sense as the difference
between current revenue and current outlay less the rental value of capital
services. Letting p represent the price of output and Q its quantity,

w the price of labor input and L its quantity, ¢ the rental price of

capital input and K its quantity, we define profit as follows:

(1) P = pQ -wL - cK.




Profit is maximized at each point of time subject to a production

function,
(2} Q = F(L, X) .

Investment is the sum of changes in capital stock and of replacement. We
assume that replacement is proportional to capital so that investment may

be determined from the relationship,
(3) I =K + 6K,

where & is the rate of replacement.
Necessary conditions for profit maximization are that the marginal

product of current input is equal to its real price,

Second, the price of new capital goods, say ¢q, must equal the
present value of future rentals. I In the absence of direct taxation this
relationship takes the form:

e-6 {s-t)

© aw = [ RCEL ds




where r is the financial cost of capital, ¢ is the rental price of

5(s-t)

capital input, and e is the quantity of capital input at time s
resulting from the purchase of one unit of the capital asset at time 1.

If prices of new investment goods are expected to remain stationary, we

obtain:
(7) c = qlr +8).

For the non-farm sector of the United States economy taxes are
imposed on current revenue less outlay on current input and less certain
dedﬁctions on capital account., As an approximation we represent taxation
in the non-farm sector by the corporate income tax. We assume that
business income is taxed at a constant marginal rate with deductions
allowed for interest payments and for depreciation on capital agssets. In
addition a tax credit is allowed on the acquisition of new investment goods.
Where the before tax rate of return, denoted p, reflects deductions of
interest allowed for tax purposes, the relationship between the price of
new capital goods and the present value of all future rentals and tax

deductions becomes:
(8) qlt) =j:t°° e_(1 -wels-t) [8—6(3 dt)(l ~u)e(s) +ug{t)D(s-1}1ds + kqlt).

The rental value of capital services after taxes is (1-u)c, where u is
the tax rate. The depreciation formula D{s-t) gives the depreciation

allowance for tax purposes on an asset of age s-t. Note that
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depreciation allowances depend on the price at which the asset is
acquired g(t) , not the price of assets at the time depreciation is
allowed as a charge against income qfs) . TFinally, the tax credit is
kq(t) , where k is the proportion of the value of the asset allowable as
a credit against taxes; the tax credit is not deducted from the amount of
depreciation to be claimed. This formulation is inappropriate to the tax
credit for the years 1962 and 1963, -prior to the repeal of the Long
Amendment, Under this Amendment the tax credit was deducted from
allowable depreciation so that:

(9) aft) =J't°° e_(l -up(s-1) [eﬁﬁ(s_t)(l ~w)els) + ugt) (1-k)D(s-t}lds + kqli).

Proceeding as before we assume that the prices of new investment
goods (and the rate of the investment tax credit) are expected to remain
stationary. The relationship between the price of capital services ¢ and

the price of capital assets ¢ becomes:

(10)  c = qlt-wp +8] 3=—EE,
where:
(11) z = ft°° e"(1 -u}p(s-1) D(s-t)ds ,

may be interpreted as the present value of depreciation deductions totaling

one dollar over the lifetime of the investment. If the tax credit is
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deducted from allowable depreciation this relationship becomes:

(1-k){(1-uz)

(12) ¢ = ql(l-u)p + 8] T

Considéring the impact of changes in the tax struciure on the
price of capital services, we see that an increase in the investment tax
credit k will always reduce the price of capital services. Where the
investment tax credit is deducted from allowable depreciation, this credit
has precisely the effect of a direct subsidy to the purchase of investment
goods. 1 Second, an increase in the present value of depreciation
deductions z , resulting from a reduction in lifetimes of investment goods
allowable for tax purposes or from the use of "accelerated' depreciation
formulas, reduces the price of capital services.

The effect of a change in the tax rate u on the price of capital
services depends on the effect of such a change on the rate of return,
Holding the before-tax rate of return p constant, we find that a change
in the tax rate is neutral in its effects on the price of capital services
if the combined value of depreciation allowances and the investment tax
credit is equal to the value of economic’ depreciation, where aconomic
depreciation corresponds to:

(13) Dfs-t) = 5o 001

ahe
b1

The present value of economic depreciation, say z , 1is:

* P e"(l ~u)pls-t) 6e-vﬁ’:(s-t) ds

(14) z ¢

]

5 .
(L-u)p +9o
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Now, provided that:

aXs
v

k +uz = uz ,

we find:

c= qlp+ &)

so that the price of capital services is unaffected by changes in the tax
rate. 12 On the other hand, holding the after-tax rate of return, say
r={l-u)p, constant, we find that a change in the tax rate is neuftral if
the combined value of depreciation allowances and the investment tax

credit is equal to the value of immediate expensing of assets; provided that:
k+uz = u

we find
c = qfl{r+8),

so that the price of capital services is unaffected by changes in the
3

tax rate.

We conclude that if the before-tax cost of capital is fixed,
changes in the tax rate are neutral in their effects on the price of capital
services when the combined effect of the investment tax credit and
depreciation allowances for tax purposes is equivalent to economic depre-
ciation. Second, holding the after-tax cost of capital constant, changes

in the tax rate are neutral when the combined effect is eguivalent to
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immediate expensing of assets. Thus, the neuirality of changes in the
tax rate depends on whether the burden of the tax is born by the firm
{(before-tax cost of capital constant) or shifted (after-tax cost of capital
constant), The incidence of the corporate income tax has been the subject
of much controversy. To resolve this controversy a general equilibrium
analysis based on an econometric model including saving as well as in-
vestment is required. 14 We assume that the burden of the tax is born by
the firm, that is, that the before-tax rate of return is unaffected by changes
in the tax rate.

Prior to the Internal Revenue Act of 1954 essentially only one de-
preciation formula was permitted for tax purposes, the straight-line formula,
with a constant stream of depreciation over the lifetime of the asset.

Denoting the lifetime by T, the straight-line depreciation formula is:

A
H

(15)  D(7) =%, 0 < T

where T = s-t is the age of the asset. The present value of depreciation

deductions under the straight-line formula is:

1
(16) Z = m fl-e

-(1 -u)pT]

Under the Internal Revenue Act of 1954 three depreciation formulas
were allowed for tax purposes. As alternatives to the straight-line
formula taxpayers were permitted to employ sum of the years' digits and
declining balance formulas. These two formulas are known as "accelerated”
methods of depreciation because they are associated with higher present

values of depreciation deductions than the straight-line method for the
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game lifetime and cost of capital. In the sum of the years' digits
method the deduction for depreciation declines linearly over the lifetime
of the asset, starting at twice the corresponding straight-line rate; the
depreciation formula is:

2(T - 1)

‘I‘Z

(17)  Dir} =

o ]
A
4
A

=]

1
The present value of depreciation deductions under this formula is:

2 1 {1 -
) o (1 -u)pT

T owpT (1 - )

In the declining balance method of depreciation the deduction
declines exponentially over the lifetime of the asset starting at a fixed
proportion of the straight-line rate. If this proportion, say B, is 2, the
method is referred to as double declining balance; if the proportion is
1.5 the method is referred to as 150 percent declining balance. Tax
provisions for depreciation under the declining balance method permit
taxpayers to switch from declining balance to straight-line depreciation
applied to the undepreciated balance at any point during the lifetime of

the asset. -Obviously, the switchover point that maximizes the present

ale
b

value of the depreciation deduction, say T , occurs where the flow of
declining balance depreciation is equal to the flow of straight-line
depreciation after the switch. The declining balance depreciation formula

is:
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8.
B T , 0 < T< T,
T S TS
(19) D{r) =
_LST—T" B
e , T <t < T
T.T

Solving for the optimal switchover point, we obtain:

e
R

(200 T =T -=)

W

The present value of depreciation under the declining balance method

17
15:
] 2 wp + &7
{21) 2= ——=g [1-e 1
(l—u)p +E '
I . [e~(l-u)'p'l‘ ﬁe-(l-u)pT]
(1-u}p(T-T )

For econometric implementation of a theory of investment behavior
based on the neoclassical theory of optimal capital accumulation, we
must choose an appropriate form for the production function, The choice
of an appropriate functional form has been the subject of much empirical
research. As we have already suggested, the focus of current research is

the choice of an appropriate value for the elasticity of substitution.
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Recently, this research has been surveyed by Griliches [16] and Nerlove
[36] . The basic findings are summarized by Griliches as follows:
The studies based on cross-sectional data yield estimates which
are on the whole not significantly different from unity. The time
series studies report, on the average, substantially lower
estimates. [16, p. 285]
In short, there is a basic conflict between estimates of the elasticity of
substitution from cross section and from time series data.

A reconciliation of the disparate findings from cross sections and
time series has been made by Griliches. The regression of outpui per head
on the real wage (both in logarithms), employed by Arrow, Chenery,
Minhas and Solow [4] , is modified in three ways: (1) measures of labor
quality are introduced into the regression, (2} regional dummy variables
are introduced to take account of possible differentials in price of output
and labor quality by region, (3) allowance is made for the possibility of
serial correlation in the error term due to persistence of omitted

, 18 . . . _
variables. The resulting cross section estimates of the elasticity of
substitution are similar to previous estimates. Griliches observes that:

Only one of these ¢'s [estimates of the elasticity of substitu-
tion] {out of 17) is significantly different from unity, and that
one is above unity. [16, p.292 ]
Allowing for serial correlation of the errors in successive years, Griliches

obtains estimates for successive cross sections charactierized as follows:
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In general, all the estimated o¢'s f[estimates of the elasticity

of substitution] are not very {statistically) different from unity,

the significant deviations if anything occurring above unity

rather than below it. [16, p. 292]
Griliches' general conclusion from these and additional estimates of the
elasticity of substitution is the following:

I do not intend to argue that these results prove that the
Cobb-Douglas [elasticity of substitution equal to unity] is the
right form for the manufacturing production function, only that
there is no strong evidence against it. Until better evidence
appears, there is no reason to give it up as the maintained
hypothesis. [16, p. 297}

On the basis of the results presented by Griliches and the work survevyed
by Griliches and Nerlove we adopt the Cobb-Douglas production function
as the appropriate functional form for our theory of investment behavior.
This form was used in our earlier studies [18, 19].

If there is no lag in the completion of invesiment projects, the
level of investment appropriate for optimal capital accumulation may be
determined from the necessary conditions for maximization of profit. In
the theory of investment behavior described below, we assume that the
actual level of capital stock may differ from the optimal level. More
specifically, we assume that given capital stock, the levels of output
and current input are determined from the production function and the
marginal productivity condition for current input. The desired level of
capital is determined from the actual level of output, given the marginal

productivity condition for capital input, while the actual level of capital

is determined by past investment. Finally, we assume that time is




18

required for the completion of new investment projecis. Projects are
initiated at every point in .time so that the actual level of capiial plus
the backlog of uncompleted projectis is equal to the desired level of
capital.

Now if the production function has Cobb-Douglas form, the

marginal productivity condition for capital input may be written:
(22) o =

where a is the elasticity of output with respect to capital input and K

is the desired level of capital. Solving for desired capital, we obtain:
(23) K =a ECQ

To represent the theory of investment we let the proportion of investment
projects initiated in time t and completed in period t+ 7 be S We
aésume that the sequence of proporiions {pT} depends only on the time
elapsed between initiation of a project and its completion. We have
assumed that new projects are initiated in each period until the backlog
of uncompleted projects is equal to the difference between desired and
aciual capit.al. Under this assumption new investment starts in each
period are equal to the change in desired capital stock. In every period
the level of actual net investment is a weighted average of projects

initiated in previous periods,
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' ata

LK + K ...
PR R R L K, 51 ’

a2

ads
=

- 8K =
(24) I K‘c kg {Kt

t

o+

where It is gross investment and E)Kt is replacement investment,
To make our notation more concise it is useful to use the

lag operator 8, defined as:

for any sequence {Xt} . Using this notation, we may write the expres-
sion for the level of net investment given above more compactly, as

follows:
(25) 1, - 8K = s {Kt K

where:

B

(26)  w(8) = py F St

is a power series in the lag operator.

To summarize, investment in period t depends on the capital
stock at the beginning of the period and changes in the desired level of
capital in previous periods. The form of the relationship depends on the
form of the distributed lag function and the rate of replacement. The
desired level of capital depends on the level of output, the price of cutpui,
and the renta! price of capital input. Tax policy affects investment

behavior through the rental price of capital input. This price depends
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on the price of investment goods, the cost of capital, the tax rate, the
formulas for calculating depreciation allowances for tax purposes, and
the level of the investment tax credit. A change in tax policy changes
the rental price of capital input. This results in a change in the desired
level of capital stock. An increase in desired capital stock generates
net investment; if the price of capital input and the other determinants of
des.ired capital remain constant net iﬁvestment declines to zero é.s
capital stock approaches its desired level. The change in tax policy
continues to affect gross investment through replacement requirements for

a permanently larger capital stock,

3. Fconometrics of investment behavior,

Our theory of investment behavior implies a distributed lag rela-
tionship between net investment and changes in the desired level of
capital. To implement this theory econometrically we must impose restric-
tiong on the seguence of coefficients {p._{} . In previous studies we
have employed the restriction that this sequence has a rational generating
function. With this restriction the power series u(S) -may be represented
as the ratio of two polynomials in the lag operator, that is, a rational
function of the lag cperator,

{s)
(8"

2

27 w8) =

l92]

€

The resulting rational distributed lag function may be written as a mixed

moving average and autoregressive scheme in changes in the desired level
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of capital and net investment. Second, we must add a random

component to the distribuied lag function, obtaining,

e

(28)  w(8) [ -6K] = v K -K, |1 + ¢,

where €, is a random error in the distributed lag function. Finally,

we must choose an appropriate specification for the stochastic component
z—:t . In previous studies we have assumed that the random component is
distributed independently and identically over time. In this study we
retain these feétures of our previous specification. In addition we 'employ
further restrictions on the sequence of coefficients {pLT} in order to
economize on the number of parameters to be estimated.

We assume first that the distributed lag function may be represented

as a finite moving average with an autoregressive error, that is,
(29) I - 8K = B(8S) [K -K 1+ v

where $(8) is a polynomial in the lag operator and vt is an autoregres-
sive error. Since we assume that Vt is generated by an autoregressive

scheme, we have:

(30) w{S) Vt = € >

where w(8) is a polynomial in the lag operator and €, is distributed
independently and identically over time. Multiplying both sides of the

distributed lag function by the polynomial «{S) , we obtain an
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alternative form at the distributed lag function,

ata
3

(1) w(®) [,-5K] = o) BE) K, - ¥, 1=06) v,

sl
e

+
tﬂl} €

= «(8) B(8) XK, - K .

which is a rational distributed lag function with independently and iden-
tically distributed error term, the specification.employed in our earlier
studies.

Using our representation of the power series w{8) as the ratio

of two polynomials in the lag operator, we may write:
w(8) = w(8),

v(8) = «(8) B(S) .

The rational distributed lag function employed in our earlier studies is
now further restricted in that the polynomial v(S) is the product of two
polynomials, one of them w(S), the denominator of the original
representation of the power series w(8) . If this restriction is valid, it
may be used to reduce the number of parameters to be estimated. Further,
the implied estimator of the power series w(8) reduces to an estimator

of the polynomial B(8) , since:
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“’(S) = TTray

This restriction overcomes a possible objection to an unconstrained
estimator of the parameters of the power series p(S) for a rational
distributed lag function. In some circumstances relatively small varia-
rions in the coefficients of the numerator of the power series may give
rise to large variations in the coefficients of the power series itself,
as Griliches [15] has suggested. Under the restriction we have pro-
posed the estimator of the coefficients of the power series w(S} is
independent of the estimator of the coefficients of the numerator w(8) .
As an example, if there are five terms in the original polynomial

in the lag operator B(8), the distributed lag function becomes:

4

(32) It-—ﬁ‘Ktw =z BI[LXK -K T + v
T+

If, further, the order of the polynomial w{8) 1is unity, that is, the

disturbance has only first-order autocorrelation, we may multiply both

sides of the distributed lag function by w(S) = 1 + @ 8 to obtain:
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(33) (I -8K] 4w, [L , -8K I

3
= BolX, - K ;1 Tfo("“‘15 Brpy) By g K o)
+owpy K5 - t6]+€
5 KA sk
R L R SR

We have succeeded in obtaining satisfactory specifications of the
distributed lag function between net investment and changes in the desired
level of capital using polynomials w(S) of low order. However, we have
had to employ as many as five terms in the polynomial B{(S) to obtain
a satisfactory specification. In order to economize further on the number
of parametersﬁ to be estimated we have employed an approximation due
essentially to Mrs. Almon [1] . We have assumed that the polynomial
in the lag operator B(S) has coefficients generated by a polynomial in

the lag itself,

(349 B,

1TO+Tr'r+...+1'rT h

of course, to make this an approximation at all, the order of the approxi-
mating polynomial must be less than the order of the polynomial in the

lag operator.
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Continuing our example: If the order of the approximating

polynomial is two and there are five terms in the original polynomial in

the lag operator B(S) , the distributed lag function becomes:

4
b ES
_ - b = - Yo
(35) It Kt 2 B'r [Kt-'r Kt-‘r-l] + t.
T=0
4 2 £ £
= Z (mprmrHm,m )} K - Kiro1d TV
T=0
2 4 - .
= = L P [Kt-'r _Kt-'r-l] +y
g =0 T=0
On transformation this function becomes:
-~ + -
(36) [It 6Kt] wl [It_l SKt-I]
2 4 0.- L >i“
_ = R e
L L T
o =0 =0
2‘ 4 F e ala
to, Zooo Z TR K
o =0 =0
+ €

In this distributed lag function there are only four unknown parameters

== Ty T T, and @,
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To estimate the unknown parameters of a rational distributed lag
function with independently and identically distributed error term € :
we may employ ordinary least squares. The resulting estimator is con-
gsistent; its asymptotic distribution may be characterized in precisely
the same way as iﬁ our previous studies. 20

Provided that the restrictions on the coefficients we have proposed
are valid, it is useful to iake these restrictions into account in estimating
the unknown parameters of the distributed lag function. First, approxima-
tion of the coefficients of the polynomial in the lag operator B(S) by a
polynomial in the lag itself results in restrictions that are linear in the
ﬁnknown parameters {ﬁT} . We use these restrictions to eliminate the
parameters {;ST} and express the distributed lag function in terms of
the parameters {Tro_} . The consirained distributed lag function is still
linear in the unknown parameters so that ordinary least squares may be
applied directly. Secondly, generation of a rational distributed lag
function i)y autoregressive transformation of a finite moving average
results in a distributed lag function that is non-linear in its parameters.
To estimate such a function we may employ a two-stage leasi squares
procedure due to Durbin [10] . This procedure begins with an ordinary
least squares estimator applied to the unconstrained rational distributed
lag function. The second siage is to estimate the parameters of the
moving average {BT} by applying least squares io the dependent and

independent variables transformed in accord with the original autoregressive

scheme. Parameters of the scheme {wT} are set equal to their first-round




27
estimates. - This procedure results in estimates of the parameters
{BT, coT} that are asymptotically efficient, 21 Cf course, this procedure
can be re-iterated; it is easily seen to converge on succesgive iterations
to the maximum rlikelihood estimator of the distributed lag function.

Reverting to our example, Durbin's two-stage procedure may be

characterized as follows: First, we estimate the parameters of the rational
distributed lag function without constraints-- Wis Yo oo Vg --by ordinary

least squares. Second, we apply least squares to the relationship:

- + D -
(37 fI-8K1 + B[ -6K ]
2. 4: ale e o
= T w T TU‘{[K'P “K 1 + &K --K:k 1} + ¢
v t-T t-T-1 1" eTal" TioT-2 £?
o =0 T=0

where 51 is the first-round estimator of the autocorrelation parameter,

W

1 and Et is the error in the distributed lag function plus the error in the

first stage estimator ». times the corresponding variables and parameters.

1
Since the first stage estimator is consistent, the error in this estimator
does not affect the asymptotic properties of the estimator of the remaining
parameters-- Tor Ty and T -

To test the validity of the two constraints we have proposed, we
begin with the unconstrained least squares estimator of the unknown
parameters of the distributed lag function., This is the {irst stage in
Durbin's two-stage estimator, We then impose the constraints, obtaining

an estimator satisfying the restrictions that vy(S) = w(S)B(8) and that

B(S) has coefficients that may be approximaied by a polynomial in the lag
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itself. A test statistic that is asymptotically equivalent to a likelihood
ratio test is the following: Divide the difference between the sums of
squared residuals associated with the consirained and unconstrained

esiimators, say e‘:beO and e’le1 , respectively, by the difference

between the number of parameters 1o be estimated without constraints, say

k and the number to be estimated with constraints taken intoc account,

l ¥

say k Finally, divide this ratio by the_ sum of squared residuals

0 ‘ .
associated with the unconstrained estimator, divided by the number of

observations, say n, less the number of parameters to be estimated.

The resulting statistic,

(38) P = (g - 1o /My - o) ,

efe, /- k)

is asymptotically equivalent to the statistic associated with the likelihood
ratio test of this hypothesis. In the example we have outlined above

there are seven unknown parameters in the unconstrained distributed lag
function so that kl =7 . In the constrained estimator there are only four,
so that k{) =4 ., We should note that accepting the null hypothesis at
conventional levels of significance is not in itself justification for imposing

the constraints; it is merely an indication that there is no strong evidence

contradicting the constraints.
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4. Estimated of the parameters of the invesiment functions.

We have fitted the econometric model of investment behavior
outlined in previous sections io data on investment expenditures based
on the 1966 Capital Goods Study of the Office of Business Economics
(OBE). 22 These data were adjusted by Gordon [13] to take account of the
role of government-owned capital used in private production. Data are
available for structures and equipment separately for both manufacturing
and non-farm, non-manufacturing sectors of the U.S. economy for the
years 1929-65. The data are derived by allocating commodity flow data
on gross private domestic investment from the national product accounts
among sectors of destination. The investment data used in this study
differ from those employed in our earlier studies in two ways: (1) They
reflect revisions in commodity flow estimates of gross private domestic
investment resulting from recent revis’ions of the U. 8. National Income
and Product Accounts [44] . {2) They incorporate estimates of government-
owned capital and some other minor adjustments made by Gordon.

Published price indexes for gross private domestic investment are
biased because they arle'blased in part on the price of inputs to the capital
goods industries rather than the price of output, To overcome this bias
we used the Bureau of Public Roads price index for structures in our previous
studies. We have replaced this index for structures by an index constructed
by Gordon, based on price indexes for the output of structures from the
1966 Capital Goods Study. In our previous study we replaced the implicit

deflator for producers' durables by a deflator for consumers' durables. The
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bias in tﬁe p?oducers‘ durables price index is not very substantial in any
case;z3 to avoid a possible bias resulting from differences in the cyclical
behavior of consumers' and producers' price indéxes, we have decided
not to attempt to correct the bias in the producers' durables price index.
Accordingly, we employ the implicit deflator for producers' durables from
the national product accounts in this study. All price indexes are taken
to be equal to unity in 1965.

Capital stock for equipment and structures in both industry

groupings is obtained from the recursion relation,

Kt = It-l + (1 -6)Kt_l

where It is investment in period t, derived as outlined above, and &
is the rate of replacement, taken to be 2.5 times the inverse of the
Bulletin T [45] lifetime. The values of & are the same as those employed

in our previous studies:

Manufacturing equipment 0.1471
Manufacturing structures 0.0625
Non-farm, non-manufacturing equipment 0.1923
Non-farm, non-manufacturing structures 0.0694

Initial values for capital stock in 1929 were estimated by cumulating net
investment over the whole period for which data are available for each

asset,
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The desired level of capital stock depends on the value of output.
As a measure of output we have used gross value added at factor cost,
defined as gross product originating in each industry less indirect business
taxes. For the years 1929 to 1946 these data are identical to those of
our previous studies. TFor the vears 1947 to 1965 data were obtained from
the OBE study of gross product originating in each se.ctor. 24

The desired level of capital also depends on the rental price for
capital services. Through 1953 the rental price is that appropriate to
straight-line depreciation, Since 1954 the rental price is that appropriate
to sum of the years’ digits depreciation, 25 From Octobar 1866 to March
1967 the appropriate rental price for structures is fhat for 150 percent
declining balance depreciation, Other methods of accelerated depreciation
were suspended during this period. The investment tax credit was iniro-
duced in 1962 at a raie nominally equal to 7 percent of the value of
investment in equipment. In practice certain limitations on the applicability
of the investment fax credit reduce its effective rate to 6 percent for
manufacturing equipment and 5. 8 percent for non-farm, non-manufaciuring
equipment, 26 For 1962 and 1963 the base for depreciation was reduced
by the amount of the tax credit; after 1964 the base for depreciation is
not reduced by the amount of the credit, From October 1966 to March 1967
the investment tax credit was suspended,

The rental pfice of capital services also depends on the tax rate
u, the after-tax rate of return r, the investment goods price g, the

rate of replacement 6 , and the lifetime of capital goods allowable for
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tax purposes. We took the tax rate to be the sté.tutory rate prevailing
during most of each vear. We did not allow for excess profits taxes
during the middle thirties or the Korean War. For all years we took the
rate of return before taxes p to be constant at 20 percent. This value is
higher than the value of 14 percent used in our previous studies, The
higher value is consistent with the results of Jorgenson and Griliches
[23]. Under our agssumption of a constant before-tax rate of return the
after-tax rate r = (1-u)p varies with the tax rate. The investment goods
price is the same as that used to deflate investment expenditures in
current prices and the rate of replacement is the same as that used to
calculate capital stock. Estimates of lifetimes of assets allowable for
tax purposes were obtained from a special Treasury Study [46] . These

estimates are the same as those employed in our previous studies:

Period Equipment Structures
1929-54 17.5 27.8
1855 16.3 25.3
1956-61 15.1 22.8
1962-5 13,1 22.8

New estimates of these lifetimes for recent yvears would require that the
special Treasury study be updated.

In the previous section we described a statistical technique for
fitting our econometric model to data on invesiment expenditures. In

summary this technique is based on the application of least squares in two
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stages. First, we fit an unconstrained rational distributed lag function
to data on net invesiment and éhanges in the desired level of capiial for
each class of asset for each sector. The independent variables in-
clude lagged values of net investment and current and lagged changes
in the desired level of capital. We have chosen the polynomial in the
lag operator B(8) to be of fourth order and the polynbmial w(8) 1o be of
first order, so tiﬁat one lagged value of net investment and current
and five lagged changes in desired capital are included among the inde-
pendent variables. The results of the first stage regressions for the
period 1935 to 1940 and 1954 to 1965 are presented in Table 1. The coef-
ficient -fol is assoclated with lagged values of net investment and is
an estimate of the autocorrelation of the disturbances. The coefficients
- 5\10 . cﬁ/s -~ are associated with changes in the ratio of the value
of ouiput to the rental price of capiial services.

Measures of goodness of fit of the first-stage regressions are
also given in Table 1. Goodness of fit is measured in two ways:;
the ratio of the explained sum of squares to the total sum of squares
for gross investment, Rz ; the ratio of the explained sum of squares

I

2
to the total sum of sgquares for net investment, R While net

N
investment is the dependent variable in the regression, gross invest-
ment is the variable of primary interest for policy considerations. The
standard error of estimate, s, corrected for degrees of freedom, is also

presented for each of the regressions. Autocorrelation of errors has

already been taken into account in the generation of the disiributed lag -




34

. . . . (8c007)  (6£007)  (6£00°)  wo0’) (o¥007) (2£00°) (€960°) semionug
fe6°1 1t8 L96" .86 9% 00"~ 6200 - Geoo ‘- 0100°- 28007  LS00° %9001~ *byur- UON
‘urael- UON

: . . . (c€10°) (ze10°)  (8€10°)  (£910°) (86107) (LT10°) (6T€E’) juswdinbg
LE8°T €671 5967 Oed 2020°  $S00°  €¥10°  6220°  68€0°  LILO" 9160 *BJui-UON
_ e~ UCN

(¢v007)  (9%00°) (8%00"7) (sy007) (o¥00°) {2¥00°) (952¢°)

Lpilos8sT S18° Fed 1000° 6100~  §£00°  0€00°  §S00°  9€00°  6019°"  S9IMOnAsg
B3N
- . . : (L500°)  (69007)  (5L00°)  (6£007) (.500°) (2500°7) (94227)
L1272 85 6
' b9eT 108 c100°  1000°-  $E00°  1.00° 0610'  €210°  €ap°-  juowdmby
B3N
P SR fkp "he “Av e e ‘s sserpaessy

*sinsoy obei1g I1sIy ‘69 %661 PUR Op-GE6T ‘SUOHOUNJ juswiseAu]l pewTi ‘1 oqel



35

function underlying our eéonometric model. A test for autocorrelation
may be performed by combining the first stage resulis with results from
the second stage. For completeness we present the Durbin-Watson ratio
d for each regression. Of course, the usual test for autocorrelation
based on this r.atio is biased toward randomness. 21

Actual and fitted values of net investment from the first stage
regressions are plotted in Figures 1.4, The overall goodness of fit
is superior to that of our previous investment functions for 1931 -41 and
1950-63 except for manufacturing structures. This improvement is mainly_
due to the change in time period and.to revisions of the basic investment
data; however, it is also partly due to the change in our specification of
the distributed lag function. We have added three lagged changes in
desgired capital, which improves the resulis to some extent.

The second stage of our statistical procedure is to transform all
variables in accord with the estimated autoregressive scheme of the errors
from the first stage. Second, we approximate the polynomial in the lag
operator P(8) by a polynomial in the lag itself. We have chosen a
second degree polvnomial for this purpose so the lag function is a parabola.

The dependent variable is now net investment plus &, times lagged net

investment while the independent variables are weighted sums of changes

in desired capital plus &31 times the corresponding lagged value. The

weights depend on the lags. . The derived esiimates of the parameters

-- a{SO - 0,134 -- are presenied in Table 2. Measures of goodness of

fit similar to those presented for the unconstrained distributed lag functions
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are also given in Table 2. It should be noted that R2 for these
regressions is a measure of the degree of explanation of the autoregres-
sively transformed values of net investment. The only measure of |
goodness of fit comparable to those in Table 1 is the standard error of
estimate s . This standard error is uniformly lower for all regressions,
reflecting the fact that loss in explanatory power due io reduction in the
number of parameters to be estimated is more than compensated by the
reduction in the number of degrees of freedom required for estimation.
Actual and fitted values of net investmant from the second stage regressions
are plotted in Figures 5 to 8. The actual values in these piots are net
investment, not the transformed net investment series which served as
the left-hand variable in the second stage. The fitted values were
calculated by substituting the parameter estimates from the second stage
into the first stage regfession equation. It would not be meaningful to
plot the actual and fitted values directly from the second stage because
of the autoregressive transformation.

We have generated the distributed lag function for our economeiric
model of investment behavior by using two resirictions: (1) the dis-
tributed lag is finite (i. e., the error is autoregressive); and (2) the
coefficients of the polynomial B(S) lie along a second-degree
polynomial in the lag itself. To test the validity of these restrictions
we employ the statistic derived above, based on sums of squared
residuals with and without constraints, The resulting test statistic I is

presented in the firs{ column of Table 3. Comparing the very low values of




Table 3. Fitted Investment Funciions, 1935-40 and 1954-65,

Derived Resulis.
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Mean lag

Asset Class | F, F, (years) a

Manufacturing Equipment . 577 3,912 1,67 L0727

Manufacturing Structures . 138 4,764 1.86 L0312

Non-farm, Non-malnufacturing 623 004 1,47 1160
Equipment

Non-farm, Non-manufacturing 655 156. 681 1.92 0426

Structures

F.: F-statistic for the null hypothesis that the distributed lag is finite

and has a parabolic shape. The critical value of F with 3 and 11
degrees of freedom is 3.59 at the .05 level.

F : F-statistic for the null hypothesis that there is no autocorrelation.

at the .05 level.

The critical value of T with 1 and 14 degrees of freedom is 4, 60

a: Fstimate of the elasticity of output with respect to the capital input.
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this statistic with the critical value of the F-ratio at the .05 level, 3,59,

we find that the; null hypothesis is easily accepted for all regressions.

We conclude that the distributed lag is finite and that the coefficients of

B(S) lie along a second-degree polynomial. - Accordingly, we employ the

second stage regressions for further analysis of the distributed lag function.
We also present in column 2 of Table 3 the results of testing the

null hypo;:hesis of no Q@lggcocorrelation in the finite parabolic distributed lag

model. The F-statistic for this test is

where 14 is the number of degrees of freedom in the unconstrained regression,
e‘1 e is the sum of squared residuals in that regression, and e'0 4 is the
sum of squared residuals in the consirained regression. The unconstrained
regressions are those reported in Table 2. The con.strained regressions are
of precisely th.e same-form as those in Table 2 except that the variables

have not been subjected to the autoregressive transformation. As can be
seen, there is evidence of autocorrelation in all sectors except non-manu-
facturing equipment. The null hypothesis is rejected in both structures
equations. These results are exactly in accord with the regression resulis
for the first stage regressions reported in Table 1. The very high auto-

correlation in the non-manufacturing structures equation suggests the

possibility of specification error.
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The parameters of the distributed lag function {;LT} may be
estimated by emploving the_ constraint that the sum of the coefficients of
this function must be unity to estimate the parameter a . 28 The result-
ing estimates are given in Table 3. The derived estimates of the
parameters of the distributed lag function are plotted in Figures 9-12,

The mean lag for each function is also given in Table 3, Comparing these
mean lags with estimates from our earlier studies we find that the new
estimates are very similar for investment in equipment., The mean lag is

now estimated to be slightly lower for manufacturing equipment and slightly
higher for non-farm, non-manufacturing eqﬁipment. For siructures the new
estimates differ substantially from the old. The old estimate of the mean

lag for manufacturing structures was 3.84 years whereas the new estimate

is 1. 86; the old estimate of the mean lag for non-farm, non-manufacturing
structures was 7. 49 vears whereas the new estimate is 1, 92, For both sets

of results the lags for structures are estimated to be longer than for equipment.

A disturbing feature of our earlier results is that the lag pattern
fails to agree with the substantial body of evidence from studies at the
level of two-digit industries by Jorgenson and Stephenson [27] and studies
at the level of the individual firm by Jorgenson and Siebert [26]. TFor
manufacturing Jorgenson and Stephenson estimate the average lag at about
two years while results from individual industries range from six to eleven
quarters with results clustering in the neighborhood of the overall average.
The results fdr individual firms are characterized by more variability than

the results for industries, as would be expected. The average lags
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Figure 9. Estimated lag function, ﬁ;—, for manufacturing equipment.
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Figure 10. Estimated lag function, 8+, for manufacturing structures.
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Figure 11. Estimated lag function, B+, for non-farm, non-manufacturing
aquipment,
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Figure 12, Estimated lag function, B, for non-farm, non-manufacturing
structures,
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estimated by Ior:genson and Siebert range from less than a year 1o over
three years with values between one and two years predominating. Mayer's
estimate of average lags from the decision to undertake investment to the
completion of the project for manufacturing and electric power combined
on the basis of surveys is seven quarters. 29 We conclude that our new
estimates agree closely with Mayer's survey results and with estimates
derived from investment functions for industry groups and for individual
firms, Our previous estimates of the average lags for structures are evi-
dently biased by specification errors in the underlying distributed lag

functions and should be replaced by our new egtimates,
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5, The impact of tax policy on investment behavior,

The tax policies which we analyze affect investment behavior
through the rental price of capital services. A change in tax policy
produces a change in the rental price, resulting in a change in the desired
level of capital stock. If desired capital stock is increased by the change
in tax policy, additional net investment is generated; if the determinants
of investment then remain at stationary levels, this net irﬁrestment
eventually brings actual capital stock up to the new desired level. The
initial burst of net investment increases gross investment at first, but
this effect gradually declines to zero as the gap between desired and
actual capital stock is eliminated. However, gross investment is perma-
nently incfeased by the higher levels of replacement associated with
higher levels of capital stock. If desired capital stock is decreased by
tax policy, all of these effects work in precisely the opposite direction.

The qualitative features of the response of investment to a change
in tax policy are essentially the same for all changes. To evaluate the
effects of particular tax measures it is useful 1o aséess the response of
investment quantitatively. Accordingly, we calculate the effects of
changes in iax policy that have taken.place in the United States in the
post-war period. Our calculations are based on a partial equilibrium
analysis of investment behavior., We hold all determinants of investment
expenditures except for tax policy equal to their actual values. We then
measure the impact of tax policy by substituting into our investment

functions parameters of the tax structure--tax rate, depreciation formulas,
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tax credit, and depreciation lifetimes--appropriate to alternative tax
policies., The difference between investment resulting from actual tax
policy and investment that would have resulted from aliernative tax
policies is our measure of the impact of tax policy.

We present estimates of the impact of the adoption of accelerated
depreciation in 1954, the adoption of new lifétimes for depreciation of
equipment and the investment tax credit in 1962, the tax cut of 1964, and
the effects of suspension of the tax credit for equipment and accelerated
depreciation for structures in 1966-7, The tax cut of 1964 involved a
reduction in the corporate tax rate from 52 percent to 48 percent and a
change in the %reatment of the investment tax credit. Before 1964 the tax
credit was deducted from the depreciation base for tax purposes; after 1964
no deduction was made. In our earlier studies we presented calculaticons
of the effects of all these changes in tax policy. In view of the substan-
tial revisions in the underlying investment data and the alterations in
our specification of the investment functions, we provide a complete set
of estimaies based on our new resulis.

In our new calculations both investment and capital stock are
measured in ptrices of 1_965. We estimate the impact of all changes in
tax policy through 1970, In order to make these estimates, we employed
a rough set of projections of the determinants of investment. No great
precision was required in these projections, since the estimates of the
differential impacts of alternative policies are not at all sensitive to the

asgumed level of invesiment, The projected levels of gross value added
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30
and the price deflators for invesiment goods were the following:

1966 1967 1968 1969 1970
Gross value
added, 198.4 209.1 221,6 234.9 249.0
manufacturing
Gross value

added, non-farm, 363, 6 383,2 406, 2 430, 6 456, 4
non-manufacturing

Equipment deflator,

1965 =1, 000

Equipment deflator,

non-farm, _ 1.031 1.068 1,095 1.121 1.150
non-manufacturing,

1965=1,000

Structures
deflator, both 1,043 1.079 1,100 1.121 1.144
sectors, 1965 =1, 000

Although these are current dollar figures and are likely to be serious
underestimates because of the relatively rapid rate of inflation which has
developed recently, this will not affect our results, since only the ratio
of gross value added and the investment deflator enters our calculations,
Finally, all tax variables were assumed to stay at their 1965 values,
except for the brief suspension of the investment tax credit and accelerated
depreciation in 1966-1967; the treatment of this suspension is described
in detail below.

As a basis for comparison with alternative tax policies we present
in Table 4 data on the actual levels of net investment, gross investment,
and capital stock, for 1950 to 1965. Also included are extrapolated values

calculated from the fitted investment functions for 1966 to 1970 for plant and
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equipment and for manufacturing and non-farm, non-manufacturing sectors.
The first change in tax policy we atiempt to evaluate is the
adoption of accelerated methods of depreciation for tax purposes in 1954,
As an alternative policy we suppose that oaly the straight-line formula
was permitted from 1954-70 with all other determinants of invesiment
unchanged. The reductions in the rental price of capital services brought
about in 1955 (the first full year} through the adoption of accelerated

methods of depreciation were:

Without With

accelerated accelerated

depreciation - depreciation
Manufacturing Equipment .293 L 267
Manufacturing Structures . 229 . 208
Non -Farfn, Non-Manufacturing 375 341

Eguipment

Non-Farm, Non-Manufaciuring 239 217

Structures

Estimates of the increase in net investmeni, gross invesiment, and capital
stock resulting from the adoption of accelerated depreciation in 1954 are
given in Table 5.

The effects of the adoption of accelerated depreciation are very sub-
stantial, Although the same pattern prevails in all four classes of assets,
it ig useful to trace out the quantitative impact of tax policy on net
investment, gross investment and capital stock, for sach class. The

peak effect on net investment for manufaciuring equipment is attained in
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1956 with a level of §. 744 billion {constant dollars of 1965) or 32 percent
of net investment in that vear. By 1959 the effect is essentially nil;
however, the adoption of new equipment lifetimes for tax purposes and

the invesiment tax credit in 1962 provide an. additional stimulus from the
use of accelerated methods of depreciation, We estimate that over the
period from 1954-70 17.5 percent of the net investment in manufacturing
equipment may be atiributed to the change in methods for calculating depre-
ciation, Similarly, the peak effect for non-farm, non-manufacturing equip-
ment is $1.708 billion in 1955 or 37. 4 percent of the net investment that took
place in that vear. Over the period from 1954 to 1970 15,4 percent of

the net investment in non-farm, non-manufacturing equipment may be
attributed to the change in depreciation rules in 1954,

Although the average lag in response is longer for investment in
structures than for investment in equipment the effects of accelerated
depreciation are broadly similar. For manufacturing sfructures the peak
effect on net investment occurs in 1956 with $. 410 billion or 37.3 percent
of the net investment that took place in that year. For the [954-70 period
the increase in net investment in manufacturing structures due to
accelerated depreciation is estimated at 15.0 percent of net investment.
For non-farm, non-manufacturing structures the peak effect on investment
occurs in 1957 with $, 903 billion or 15, 2 percent of the net investment
that ook place in that year. Over the W.hole pefiod we estimate that 4.5
percent of the net investment in non-farm, non-manufacturing structures

may be atiributed to the adoption of accelerated methods for depreciation

in 1954,
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Capital stock is a cumulation of net invesiment so that its
behavior is implied by that for net investment, For both manufacturing
and non-farm, non-manufacturing equipment two phases in the response
of capital stock can be distinguished. First, the immediate impact of
adoption of accelerated depreciation was to raise desired capital substan-
tially above its actual level, By 1959 the gap resulting from accelerated
depreciation was eliminated, - More than half the increase over the period
1954 -9 had occurred by 1957, Second, adoption of accelerated depre-
ciation in 1954 resulted in additional stimulus from subsequent changes
in lifetimes for tax purposes and from adoption of the investment ifax
credit. Half the total rise in the stock of manufacturing ecfuipment from
1954 to 1970 took place by 1958 while half the rise in non-farm, non-
manufacturing equipment took place by 1959, The patterns of development
for structures in both manufacturing and non-farm, non-manufacturing
sectors is qualitatively similar but without a clear demarcation between
successive phases. Half the total rise in the stock of manufacturing
structures over the period as a whole took place by 1958 while half the
rise in non-farm, non-manufacturing structures took place by 1959,

Crosgs investment ig the sum of nei investment and replacement;
further, replacement rises in proportion to capital stock. By 1958 replace-
ment had become the dominant component in the response of gross invesi-
ment in equipment to the adoption of accelerated depreciation for both
manufacturing and non-farm, non-manufacturing sectors. For manufacturing

the peak response of gross investment occurs in 1857 with a change of
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$,.878 billion. By 1970 added replacement requirements will have main-
tained gross investment at near peak levels at $. 728 billion. Similarly,
in 1970 gross investment in non-farm, non-manufacturing equipment
reached a peak of $1.871 billion, declined for several years, and now
will rise to a new peak of $2.309 billion by 1970, propelled by rising
replacement requirements. For manufacturing structures the peak level of
%, 450 billion was attained in 1957; by 1970 the level is estimated to be
$.287 billion., The general pattern of response for investment in non-farm,
non-manufacturing structures is similar in time pattern but different in
magnitude, The peak level of response of gross investment was $1.023
billion in 1957; the level in 1970 is estimated to be $.675 billion.

The total effect of the adoption of accelerated‘depreciation in 1954
on gross investment during the whole period from 1954 10 1970 may be
assessed by comparing investment resulting from the new methods of
depreciation with investment that would have to take place under the old

methods. For equipment 6, 7 percent of gross investment in manufacturing

and 8.0 percent of the gross invesiment in non-farm, non-manufacturing
may be atiributed to accelerated depreciation over the period from 1954 to
1970. For structures the percentages are 5.7 for manufaciuring and 3.0
for non-farm, non-manufacturing. By 1970 we estimaie that 7.3 percent
of gross investment in manufacturing equipment will be due to the adoption

of accelerated depreciation in 1954; similarly, 7.7 percent of gross

investment in non-farm, non-manufacturing equipment in 1§70 will result

from accelerated depreciation. The corresponding percentages for structures
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are 6.8 for manufacturing and 3. 0 for non-farm, non-manufacturing.

The adoption of new guidelines for the determination of lifetimes
allowable for tax purposes in 1962 [48] affected only lifetimes allowable
for investment in equipment. The reductions in the rental price of
capital services brought about through the adoption of the 1962 deprecia-

tion guidelines were:

Without With

Guidelines Guidelines
Manufacturing Equipment . 315 . 307
Non-Farm, Non-Manufacturing 384 374

Equipment

Estimates of the increase in net investment, gross investment, and
capital stock in equipment resulting from adoption of the new guidelines
are given in Table 6,

A second change in tax policy during 1962 was the adoption of an
investment tax credit of 7 percent for equipment in the Revenue Act of
1962, As we have already indicated, various limitations on the applic-
ability of the tax credit reduce the effective rate to 6 percent for manu-
facturing and 5.8 percent for non-farm, non-manufacturing sectors, Under
the Long Amendment the depreciation base was reduced by the amount
of the invesiment tax credit for 1962 and 1963, This Amendment was
repealed in 1964 so that the depreciation base is unaffected by the tax

credit for 1964 and subsequent years. Reductions in the rental price of
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capital services for 1963 brought about by adoption of the tax credit

were:

Without With

Credit Credit
Manufacturing Equipment .316 . 297
Non-Farm, Non-Manufacturing 383 361

Lauipment

Estimates of the increase in net investment, gross investment, and capital
stock in equipmeﬁt resulting from the invesiment tax credit are given in
Table 6. The impact of both of these policies is substantial, although
the effect of the investment credit is several times larger than that of the
depreciation guidélines. For the guidelines the peak response in manu-
facturing industries of net investment in equipment took place in 1964,
when it accounted for 12,5 percent of total net investment, The peak
response to the investment credit took place a year later in 1965; in that
vear the credit accounted for 28, 4 percent of net investment in equipmeﬁt
in the manufacturing sector. In non-manufacturing industries, both peak
- responses took place earlier, reflecting the shorter lag in equipment
investmeni; in that sector. The respective percentages of net investment
were 17,2 percent for the guidelines in 1962 and 36, 8 percent for the
investment credit in 1964, |

The responses to the investment credit in both industries show a

dip resulting from the suspension of the credit in 1966-1967; our calculations
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are based on the assumption that if there had been no tax credit, it
would not have been suspended during this period. Intersstingly, a
smaller dip appears in the estimated effect of the depreciation guidelines
during the same period, especially in the non-manufacturing sector.

This is explained by the fact that after the repeal of the Long Amendment,
investment credit and depreciation policies acted to enhance each other's
effect, Thus the depreciation guidelines had a smaller impact during

the period of the suspension of the investment credit for equipment.

In 1964 two changes in tax policy affecting the level of investment
expenditures took place. TFirst, the corporate tax rate was cut from 52
percent to 48 percent. In analyzing the effect of the tax cut we assume
that the before-tax rate of return was left uﬁchanged. Under this condition
the effect of a change in thé tax rate on the rental price of capital
services is neutral provided that 'depreciation for tax purposes ig equal
to economic depreciation.?’l Under the conditions actually prevailing in
1964 depreciation for tax purposes was in excess of economic depreciation
for both plant and equipment in manufacturing and non-farm, non-manu-
facturing sectors. Accordingly, the rental price of capital services
resulting from the tax cut was actually greater than the rental price before
the cut. Following are the rental prices for 1965, the first full vear of the

tax cut:
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Without With
Tax Cut Tax Cut
Manufacturing Equipment . 286 .299
Manufacturing Structures . 237 . 240
Non-Farm, Non-Manufacturing . 352 . 355
Equipment
Non-Farm, Non-Manufacturing . &47 .250
Structures

Qur estimates of the decrease in net investment, gross investment, and
capital stock resulting from this change are given in Table 7, In general,
the effects of the rate reduction are small and negative. It should be
emphasized that these estimates are conditional on the level of output
actually resulting from the tax cut; quite clearly the over-all effect of the
tax cut was to stimulate investment by increasing ouiput. A second,
little -noticed change in tax policy in 1964 was the repeal of the Long
Amendment; after repeal the tax credit was no longer deducted from the
depreciation base for tax purposes. This change raises the effective rate
of the tax credit to almost 10 percent as compared with approximately 6 ‘
percent under the Long Amendment, Reductions in the rental price of
capital services for equipment in 1964 resulting from repeal of the Long

Amendment are:
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With Without
Long Long
Amendment Amendment
Manufacturing Equipment . 302 . 293
Non-Farm, Non-Manufacturing 363 352

Equipment

Estimates of the increase in het invesiment, gross investment, and capital
stock resulting from this change are given in Table 8.

These increases are quite substantial, The peak efiect for manu-
facturing equipment tock place in 1965 at which time the net investment
in equipment attributable to the repeal was 10. 4 percent of total net
investment, In the non-farm, non-manufaciuring sector, the peak effect
in 1964 was over a billion dollars and accounied for 16, 3 percent of net
investment in equipment in that sector. Once again, a dip in the effect
of this policy change can be‘ gseen in 1966-1967 and one or two vears
after, resulting from the suspension of the investment credit. The lag
structure in the non-manufacturing sector makes the dip much more notice-
able there than in the manufacturing sector,

In 1966 an important objective of economic policy was to restrain
investment. After a number of alternative changes in tax policy were
considered and rejecfed, 32 the investment tax credit for equipment was
suspended beginning October 10, 1966; at the same time accelerated
depreciation for siructures was replaced by 150 percent declining balance
depreciation. In the original legislation implementing these changes in

tax policy the suspension was to remain in effect until the end of 1967, a
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Table 8. Changes in Gross Investment (I}, Net Investment (N), and
Capital Stock (K) Resulting from the Repeal of the Long
Amendment (Billions of 1965 Dollars)

Non-Farm, Non-Manufacturing

Year Manufacturing Equipment Equipment

1 N K I N X
1964 L 238 L238 0 1,042 1,042 #]
1965 » 400 . 365 .238 . 958 . 758 1,042
1966 412 . 329 567 . 706 . 360 1,800
1967 . 349 L2117 .896 . 750 . 335 2,160
1968 . 229 . 067 I, 113 1.021 541 2,485
1969 236 .064 1,180 0.761 .177  3.036

1970 L 287 . 115 1,244 0.792 174 3.213
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total period of almost fifteen months, The suspension was lifted on
March 9, 1967, so that the total period of suspension was a little less
than five months, The effect of the suspension on the annual rental price

of capital in 1967 was the following:

Without With _
Suspension Suspension
Manufacturing Equipment . 320 .351
Manufacturing Structures , 259 L2276
Non-Farz?q, Non-Manufacturing 379 414
Equipment
Non-Farm, Non-Manufacturing . 270 287

Structures

Our estimates of the effects of the suspension on net investment, gross
investment, and capital stock are given in Table 9.

For all categories of assets the suspension had a restraining effect
on the level of investment in 1967'. We estimate that this effect continued
into 1968 for all asseis except non-farm, non-manufacturing equipment.

For all classes of agsets the restoration of the original tax credit for equip-
ment and accelerated depreciation for structures will result in a stimulus

to investment in 1969 and 1970. For no class of assets is the level of
capital stock as high at the end of 1970 as it would have been in the
absence of the suspension, The total gross investment_ for the five year
period 1966-70 is considerably lower than it would have been in the absence

-of the five month suspension.
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If the suspension of the investment tax credit for equipment and
accelerated depfeciation for structures had continued for fifteen months,
the impact on the level of investment would have been much more sub-
stantial. Our estimates are given in Table 10. For investment in structures
the restraining effect of the suspension would have continued into 1969,
although the impact would have been very slight in that year. For inve.st-
ment in equipment as well as for siructures the magnitude of the impact
would have been much greater. As a result the stimulus from restoration of
the tax credit and accelerated depreciation would have been correspondingly

increased,

6. Conclusion,

The objective of this paper is to assess the effects of tax policy
on investment behavior. For this purpose we have presented an econometric
model of investment behavior based on the neoclassical theory of optimal
capital accumulation. This model differs from an earlier version used in
two previous studies [18, 19] mainly in the use of further restrictions on
the parameters of the underlying distributed lag function. These restrictionsg
enable us to improve our specification of the lag structure and to economize
on the number of parameters to be estimated. The resuliing numerical
estimates of the unknown parameters of our econometric model reflect the
alterations in our statistical technigue and incorporate data that have become
available since our earlier studies. The lag structure derived from our

new estimates suggests that the average lag between changes in the
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determinants of investment and aciual expenditures for structures is shorter
than that derived from our previous estimates. The new results are in

much better agreement with evidence on the lag structure from sample
surveys and from economeiric models of investment fitted to data for industry
groups for individual firms.

Tax policy affects investment behavior through the rental price of
capital services. To assess the response of investment to changes in
tax policy we have calculated the change in investment resulting from a
given change in tax policy, holding all other determinants of investment,
including other aspects of tax policy, ai their actual levels. We have
presented esiimates of the effects of the adoption of accelerated deprecia-
tion in 1954, the adoption of new lifetimes for depreciation and an invest-
ment tax credit for equipment in 1962, the reduction of the tax rate from
52 to 48 percent and the repeal of the Long Amendment to the investment
tax credit in 1964, and the effects of the suspension of the investment fax
credit for equipment and acceleraied deprecia’cioh for structures in late
1966 and early 1967, The evolution of tax policy during the post-war
period provides a broad range of experience for a quantitative assessment
of the impact of tax policy on investment behavior.

Qur over all conclusion is the same as in our previous studies: Tax
policy can be highly effective in changing the level and timing of invest-
ment expenditures. Qualitatively speaking, a change in tax policy that
reduces the rental price of capital services will increase the desired

level of capital stock. This increase will generate net investment that
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eventually brings actual capital up to the new desired level. Gross
invesiment follows the course of net investment at first but gradually
replacement requirements resuliing from the higher level of capital stock
come to predominate. Even if all the determinants of desired capital
remain stationary at their new levels, gross investment is permanently
increased by the higher levels of replacement associated with higher
levels of capital,

From a quantitative point of view the tax measures we consider have
substantially different impacts. The investment tax credit, essentially
a subsidy to the purchase of egquipment, has had a greater impact than
any of the other changes in tax policy lduring the post-war period. The
repeal of the Long Amendment, making this credit even more effective,
has also had a substantial impact. Of course, the effects of the tax

credit are limited to investment in equipment. The shortening of life-~

times used in calculating depreciation for tax purposes and the use

of accelerated methods for depreciation are very important determi-
nants of levels of investment expenditure since 1954, Suspension of the
investment tax credit and accelerated depreciation during 1966-7 have’
had an important resiraining effect on the level of investment; if this
suspension'had been allowed to remain in force for fifteen months rather
than for five, the impact would have been proportionately greater. Of all
the tax measures we consider only the reduction of the corporate tax rate
in 1964 has had litile impact on the level of investment expenditures. The

~reason for this is that tax depreciation and economic depreciation had
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achieved virtual equality by 1964 so that any change in the tax rate would
have been neuiral in its effects on the price of capital services. The much-
acclaimed tax cut of 1964 affected investment, but its main direct impact
was through the enhanced effectiveness of the investment tax credit;
reduction in the tax rate had a small but clearly negative impact on the

level of investment.
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Comparisons of these alternative econometric models of invest-

ment behavior are given by Jorgenson and Nadiri {247,

7
The predictive performance of these alternative econometric

models is compared by Jorgenson and Nadiri [25],

8 :
A recent survey of the econometric literature on cost and production
functions by Walters [49] lists 345 references, almosi all presenting

the results of econometric tests of the neoclassical theory of the firm.

gHere we assume that investment is fully reversiblie. Arrow 3]
has discussed the relationship between the price of capital goods and the

present value of future rentals where investment is frreversible.
0 . . . , . :
A detailed derivation is given by Jorgensocn {22]7.

11
A direct subsidy at the rate k resulis in a cost of acquisition
of investrhent goods g{l-k} . With tax rate u and present value of
depreciation z , we obtain the same formula for the rental price of capital

as for the invesiment tax credit,

I —uz

¢ = g(l-K)[(1-u) + 8] ey

leimilar results are given by Brown [5] and Samuelson [39],

13
Similar results are given by Brown [5], Musgrave [35], and .

Smith [40].
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41-’{:31" recent contributions to this controversy, see footnote 2
above. The results of Gordon {12} support our assumption that the before-
tax rate of return is unaffected by changes in the tax rate or "no shifting. "
Alternative assumptions are suggested by the results of Cragg,Harberger
and Mieszicowski [9] and by Musgrave and Krzyzaniak [35]. None of

these empirical results is based on a complete econometric model

appropriate to a general equilibrium analysis of the incidence of the

corporate income tax,

(7).

16See [19], p. 394, formula (8).

1
?This result correcis an error in our earlier paper [19], p. 394,
formula (9); fortunately, this error did not affect any of the empirical

results presented in that paper or in our subsequent paper [187.
18 ...
Griliches {161, p. 290.
19 . . , .
For further discussion of this point, see Jorgenson [217, pp. 137-9.

0 . , .
Turther details on properties of the least squares estimator are

discussed by Jorgenson [21], pp. 142-3,

1
@ See Durbin [10], pp. 150-3,

22
Unpublished data from the 1966 Capital Goods Study [43] were

kindly made available to us by Mr. Robert Wasson of the Office of Business

Economics.
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3OU_‘E‘ original estimate of the rate of growth of this bias was
. 00651 per vear or about one-third the bias for siructures. See [19],

p. 399.
24See Gottsegen [14].,

5Depreciation under the sum of the vears' digits formula has a
higher present value for the range of lifetimes and rates of return of

interest for this study. See [13], Table 1, p., 395,

6These estimates of the effective rate of the tax credit are based

on data from tax returns for 1963 [47].
27 . X
See Griliches [17] and Malinvaud [31].

8 . s s . . .
For detailed discussion of this resiriciion and its use in estima-

tion of the parameter a, see Jorgenson [21], pp. 135, 147-8,
2
9See Mayer [32}.

0
These are crude extrapolations of previous trends, modified

by fragmentary data available at the time of the computations {October

1967),

31 . . . .
For further discussion of tax neuiral depreciation, see Section

2 and the references given in footnotes 12 and 13 above.

32
Policies under consideration during early 1966 and their potential

impact on investment expenditures are discussed in our earlier study [18].
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