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I. Introduction

Since allowable depreciation deductions are fixed in nominal rather
than real terms, an increase in the rate of inflation reduces the present
value of real depreciation deductions. Recent work-by Auerbach (1979),
Kopcke (1979), and Abel (1980a) has analyzed the implications.of this
reduction in real depreciation deductions for the choice of capital dura-
bility. Feldstein (1979) has compared the effects of two reforms--indexing
depreciation deductions and shortening the depreciable 1life of capital--
focusing on the extent to which they offset the reduction in real depre-
ciation deductions. 1In all of these studies, the corporate tax rate is
assumed to remain constant over time.

In this paper, we examine the role of depreciation allowances in
determining the effects on investment of permanent and temporary changes:
in the corporate tax rate. In particular, if the age profile of real
depreciation deductions is accelerated, then temporary cuts in the
corporate tax rate could reduce investment even if permanent tax cuts
would stimulate investment. Since increases in the rate of inflation
tend to make the age profile of depreciation deductions more accelerated,
higher inflation could create the situation in which temporary tax rate
cuts reduce investment.1 It is shown that two proposed depreciation
allowance reéorms designed to mitigate the effects of inflation--the
Conable-Jones 10-5-3 proposal and the Auerbach-Jorgenson proposal--actually
exacerbate the acceleration of the age profile of real deductions and
increase the tendency toward perverse effects of temporary fiscal policy.

Specifically, if the 10-5-3 proposal were in effect permanently, temporary

1However, higher inflation increases the tendency for permanent
tax rate cuts to stimulate rather than restrain investment.



cuts in the corporate tax rate would stimulate'invegtment in short-lived
capital and would actually restrain investment in long-lived capital. Since the
Auerbach-Jorgenson proposal has the most accelerated profile possible, tempo-
rary tax cuts, especially brief ones, would reduce investment if this proposal
were permanently in place. The effects of countercyclical fiscal policy
would possibly be perverse under either of these proposals.

In Section II we develop an adjustment cost model of the firm
which gives rise to a model of investment similar to Tobin's (1969) g
theory of investment. Since the model incorporates perfect foresight,
it is well suited to the analysis of the dynamic effects of temporary as
well as permanent tax rate changes. In Section III, we analyze the effect
of permanent and temporary tax rate changes on Qys which is the determinant
of investment. After defining a non-distortionary age profile of depre-
ciation deductions, we show that under such a depreciation scheme the
effect on q of temporary changes in the corporate tax rate is always in
the same direction as, and smaller in magnitude than, a permanent change
of the same size and direction. However, under accelerated depreciation
deduction schemes, a temporary cut in the corporate tax rate can be
contractionary even if a permanent tax rate decrease is expansionary.

After demonstrating the importance of the shape of the age profile
of depreciation deductions in Section III, we derive non-distortionary de-
preciation deduction schedules corresponding to certain patterns of physical
decay. Among the perhaps counterintuitive results is that if the physical
depreciation of capital is straight line depreciation (a constant absolute
amount over the life of capital), then the sum-of-vears-digits (SYD) de-
preciation deduction schedule has a non-distortionary profile. Thus SYD
depreciation allowances are not accelerated in the sense used in this paper.

In Section V we demonstrate that an increase in the rate of infla-



tion will cause a non-distortionary age profile of depreciation deductions
to become accelerated. The implications of this effect for the efficacy
of témporary tax rate changes are analyzed in the context of the proposed
10-5-3 depreciation allowance reform. It is shown that for some reasonable
values of interest rates and the rate of inflation, temporary tax cuts,
which might be considered as part of countercyclical fiscal policy, will
reduce rather than increase the raté of invéstment, in both long-lived
and short-lived capital. More often, however, temporary cuts in the
corporate tax rate will stimulate investment in short-lived capital but
will restrain investment in long-lived capital. These allegedly perverse

: /
effects of countercyclical fiscal policy would be less likely to occur
if, instead of shortening the depreciation lives of capital, depreciation

deductions are indexed.

II. A Model of Investment

Consider a price-taking equity—financed2 firm which faces exogenously
determined paths of output prices, P> and nominal wage rates, LA The
path of the after-tax nominal discount rate, Tys is also exogenous to
the firm. The output of the firm is determined by a 1inea£1y homogeneous
production function f(Kt’Lt) where Kt is the capital stock and Ltis the
labor input at time t. The investment technology is given by a convex
adjustment cost function c(It), where It is gross investment at time t,
with ¢' > 0 and c¢" > 0 for It > 0.

The capital stock at any point in time is the sum of the undepre-
ciated units of all past investment. Since this paper focuses on the

role of physical depreciation and depreciation allowances in the investment

2The Appendix extends the analysis of this paper to the case of
a firm financed entirely by debt.



decision, we introduce a physical depreciation scheme which is more
general than the commonly assumed proportional depreciation. Let m(x)
be the fraction of capital which survives to age X so that the capital

stock at time t is given by

K, = [g I, mx) dx (I1.1)

Specific forms of the function m(x) will be discussed in Section IV.3

The tax enviromment in this paper is based on the extension of the
Hall-Jorgenson (1967, 1971) analysis to adjustment cost models by Abel (1980c).
Corporate taxable income at time t is taxed at rate Tt' In calculating
taxable income, firms are permitted depreciation deductions equal to a
fraction DD(x) of original cost for capital of age x. Thus, the total de-

preciation deduction at time t, on all units of capital, is

[

f c(I__ ) DD(s)ds. (11.2)
o

Finally we treat the investment tax credit as an immediate rebate of a
fraction k of the cost of gross investment. |

We assume that the firm chooses the time paths of It and Lt to maxi-
mize the present-value of cash flow. At time 0, this preseﬁt value is

0

vV = fo{(l—Tt)[Ptf(Kt, Lt)—WtLt]+thoc(It;s)DD(s)ds—(l-k)c(It)}ptdt

t
*f rdv (11.3)
- Yov
where P, =e

3At this point, it appears that any function m(x) which satisfies
m(x) > 0 for all x > 0, m(0) = 1, lim m(x) = 0, and m(xl) z_m(xz) for

xllf X, would be a reasonable specification.



The expression in curly brackets,'which is the after..tax cash flow at time
t, contains three terms. The first term is the after-tax income prior to
depreciation deductions. The second term is the tax bill savings due to
the depreciation allowance and the third term is the cost of gross invest-
ment net of the investment tax credit.

It will be convenient to collect terms in C(It) so we rewrite (II.3)

as
V= fo{(l—Tt)[ptf(Kt, Lt)-tht]-(l—k-foTt+SDD(s)pt+sp;1ds)c(1t)}ptdt
+ fortft c(I,_)DD(s)dsp, dt. (I1.4)

The firm is assumed to choose It and Lt to maximize V subject to (II.1) and
the history of past investment. Note that only the first line of (II.4) in-
volves It and Lt so that the second line of (II.4) may be ignored in the
optimization problem. The first order conditions, which hold at every time

t, are

fL(Kt, Lt) = wt/pt (I1.5a)

-}

(1-k_I°Tt+SDD(S)p£+Sp;ldS)c'(It)
. -1

= ft(l—rs)fK(Ks, Ls)m(s—t)pt+spt ds. (II.5b)
The interpretation of (II.5a) is that at every point in time, the firm
chooses its level of labor input to equate the marginal product of labor
with the exogenously given real wage rate. According to (II.5b), the
firm chooses the rate of investment which equates the marginal cost of in-
vestment net of the investment tax credit and the depreciation allowance

with the present value of after-tax rentals accruing to capital.

Note that since f(K, L) is linearly homogenous, equation (II.5a)



implies that the optimal capital/labor ratio is an increasing function of
the real wage rate, and hence the marginal product of capital is a decreas-
ing function of Wt/pt' Defining ¢t to be the marginal physical product of

capital at time t, fK(Kt’ Lt)’ we obtain
= 1
(11.6) b o(w /p.)s ¢ >0, ¢' <O,

The important implication of (II.6) for our purposes is that since the real
wage rate is exogenously given, ¢t is also exogenously determined.
Now consider the following specification of the corporate tax rate

policy
(11.7) T, = .

This specification allows us to analyze the effects of a temporary change in
the tax rate which remainsg in effect until t*,
Given the sgpecification of tax policy in (II.7), it will be useful

to introduce the following notation for any t < t*

*
t
(11.8) a. - D, = p'lf' DD(s-t)p ds
t tt } s
2 -1
b. D =p f DD(s-t)p ds
t tt* s
»
*_A A
c. Dt = Dt +7 t
e
d N = p_lf p ¢ m(s-t)p.ds
* t t ¢ §'s s
e. § = p—lf°° p ¢ m(s-t)p ds
t t ¢* 8 8 s
f. N =N +N..



Observe that ﬁt is the present value of the stream of depreciation deduc-
tions between t and t* per dollar of cost of gross investment at time t.
Similarly, ﬁt is the present value of the stream of depreciation deductions
from t* onward per dollar of cost of gross investment at time t. Dt, which
is the sum of ﬁt and 5£, corresponds to Hall and Jdrgenéon's (1967, 1971)

z, the present value of depreciation deductions over the life of capital.
Observe that N: is the present value of the stream of pre-tax rentals accru-
ing to capital installed at time t. N: is partitioned into the rentals
accruing before t¥*, ﬁt’ and the rentals accruing from t* onward, ét'

Using the various definitions in (II.8), the first-order condition

in (II,Sb)can be rewritten as

' =
(11.9) a. c' (1) q,
where
. o - (l--'tl)Nt + (1-ro) Nt
. t - ~ ~
(1-k TlDt- Tth)

Since C(It) is convex, (II.8a) could be inverted to yield investment as an
increasing of q- Note that q, is the ratio of the shadow price of in-
stalled capital to the net purchase price of uninstalled capital, in the
spirit of Tobin's (1969) q, as explained in Abel (1980b,c). Since the effects
of tax poliéy on investment operate entirely through 9, We can examine
the comparative effects of various tax policies on investment by examining
the comparative effects on Qg+

The optimal value of investment can be determined graphically as
shown in Figure 1. The upward sloping solid line represents the net mar-

A

ginal cost of investment, (l-k—TlDt—rth)c'(It), which is an increasing

function of the rate of investment. The horizontal solid line represents

the present value of after-tax rentals accruing to a unit of capital



installed at time t, which is invariant to changes in the instantaneous
rate of investment. At the intersection of the two schedules E, (II.5b)

is satisfied. Therefore, ¥ represents the optimal rate of investment.

Now consider a decrease in Ty Since the decrease in T1 increases
the after-tax rentals accruing until time t*, the horizontal schedule in
Figure 1 shifts upward as shown by the dashed horizontal line. This in-
crease in after-tax rentals tends to increase investment. However, the
reduction in 7 also reduces the tax bill saving associated with the de-

preciation allowance Dt and hence shifts the net investment cost schedule

upward, thereby tending to decrease investment. The new optimal rate of

(1-k-1

A- : '
1D TOD)C (1)

(l-Tl)N+(l—TO)N

fomn e com . — o~ - ———

-t
*
=~

Figure 1

investment is determined at E'. If the present value of after-tax rentals
shifts upward by more than the net marginal investment cost shifts upward
at I*, the optimal rate of investment increases. However, if the net

marginal cost schedule shifts upward at I* by more than the present-value

of rentals shifts upward, there is a decrease in the rate of investment.
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Intuitively, the larger is D relative to N, the more likely is this "perverse"

effect. In the next section, we formalize this intuitive explanation.

IIT. The Comparative Effects of Permanent and Temporary Tax Rate Changes

In this section we compare the affects of peémanent and temporary
tax rate changes under the assumption that the after-tax discount rate,
Tes is invariant to the tax rate. This assumption corresponds to the
case of a firm financed entirely by equity; the case of a debt-financed

 firm is treated in the Appendix.'

Since the effects of tax policy'on investment operate through 9,
we focus on the effect of tax rate changes on q - Recall from (II.9b) ‘that

(l—Tl)Nt + (l-TO)Nt

l—k—TlDt—Tth

(I11.1) qt('rl, ro) =

To determine the effect of a temporary change in the 'tax rate, we calculate

the partial derivative of qt(Tl, To) with respect to T To facilitate the

1
analysis, we evaluate this partial derivative at T FT, T to obtain
. 9q, (1., T.) - .
(III.2) —'i——a-i-—"— - ——————1-——-—2{-(1-k—rD:)Nt + (1-ND,}.

: 1 T5T,=T (l—k—rDz)

By evaluating this partial derivative at T =1,=7, we are examining the ef-

1

fect of changes in the tax rate between times t and t*, starting from an
initial situation in which the tax rate is expected to have the constant

value 1 forever. Rearranging the term in brackets (III.2) we obtain

3q, (1,5, 1) -
t"1° o - -1 L_n® _ C IR
(111.3) — {(1-k Dt)N + (1 T)(DtNt NtDt)}.

1 e o 1 mEy2
1 =T =T (1-k TDt)

1

Equation (III.3) can be used to analyze the effects of permanent

1
as well as temporary tax rate changes. First consider a permanent change

*

N = * n = 3 = = { A3 = *o i
so that Nt Nt’ Dt Dt’ Nt 0 and Dt 0. Noting that DtNt NtDt in

this case, we easily obtain
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9q. P _
(111.4) [—é—t—} - 1 5 (l-k-D’:)Nt
T (1-1:-19:)

where (Bqt/BT)P will be used to represent the effect on q, of a permanent
change in the tax rate. Note that a permanent reduction in the corporate

tax rate will lead to an increase in 9, and hence an increase in investment

if and only if the present value of depreciation deductions, D:C(It), is
less than the cost of investment, net of the investment tax credit,
(l—k)c(It). In the case in which D: = 1-k, permanent'changes in the tax
rate have no effect on q, or on investment.

Combining equations (III.3) and (III.4), we obtain the following

expression for the effect on q of a temporary tax rate change

> Frk A "
aqt(rl, To) _ Nt Bqt P (1 T)NtDt ¢ Nt

(IIL.5)  ———— RS S
1 TFT,ST Ot E (l—k—rDt)f t t

(I1II.6) Lot o<t
by N -

If (III1.6) holds, the depreciation allowance schedule will be said to have

a non-distortionary age profile. In this case, (III.5) simplifies to

3q. N_ (3g.\P
(1II.7) —t__t [——E] )

1 t 9T
Since Nt/Ni is a positive number less than (or equal to) one, we find that
a temporary tax rate change has an effect on investment which is smaller

than, but in the same direction as, the effect of a permanent tax rate

change of the same magnitude. Furthermore, for a given date t, the longer

4Note that in general this neutrality condition (D* = 1-k) differs from
the Hall-Jorgenson neutrality condition which is k+TD§ = T. The condition
in the text is the condition for ceteris paribus changes in T to have no effect
on investment. The Hall-Jorgenson neutrality condition is the condition for

the existence of taxes to have no effect on investment. See Abel (1980c).
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the policy is expected to last the greater will be ﬁthi. Thus a longer-
lived policy will lead to a larger effect on the rate of investment at
time t. Note that these results depend on the assumption that the depre~
ciation allowance schedule has a nondistortionary age profile.
Now consider the case in which the depreciation allowance schedule

is such that

>

(I11.8)

Pl
[adt J[ad

If (1I11I.8) holds, the depreciation allowance schedule will be said to have
an accelerated age profile. 1In the subsequent discussion, we restrict our
attention to cases in which Dt < 1-k so that (aqt/ar)P < 0, i.e., the situ-
ation in which permanent tax rate cuts stimulate investment. Combining
(I1I1.5) and (III.8), we find that with an accelerated age profile of

depreciation allowances

t

— D> et o
%

811 Nt 9T

Bqt N aqt P
(I1I1.9) [ ] .
If the profile of depreciation allowances is sufficiently accelerated, it
is possible for aqt/arl to be positive even though (aq/aT)P is negative.
-That is, with a sufficiently accelerated depreciation allowance, a tem-
porary tax decrease can actually decrease investment, even though a per-
manent tax decrease would raise investment. The reason is that the tax
saving due to the depreciation allowance is lower with a lower tax rate.
If depreciation allowances are disproportionately heavy at the beginning of
the life of capital, the reduced tax saving from the depreciation allowance
may induce a fall in investment. In terms of Figure 1, a tax rate decrease

in the presence of a disproportionately large value of ﬁt will lead to a

larger upward shift in the marginal cost schedule than in the present value
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of after tax rentals; hence investment will fall.l5

Recall from (III.4) that if D: = 1-k, then (aq£/ar)P = 0 and per-
manent tax rate changes are neutral with respect to investment. However,
if permanent tax changes are neutrél, then from (III.Q) it is clear that a
temporary tax rate increase will increaée the rate of investment if the age
profile of depreciation allowances is accelerated. This result contrasts
with the fact that with a non—disfortionary age profile, temporary tax rate

changes are neutral if and only if permanent changes are neutral.

Auerbach and Jorgenson (1980) have recently proposed to allow firms
an immediate write-off of some fraction of capital expenditure with no
subsequent depreciation deductions.6 Under this proposal, D/D* is equal
to one; which corresponds to the most accelerated age profile of depreciation
deductions. Note from III.5 that for a given stream of rentals and a
given present value of real depreciation deductions, 9q/dt is maximized
for ﬁ/D* equal to one. Thus, the Auerbach-Jorgenson proposal maximizes
the tendency for temporary tax cuts to reduce rather than stimulate
investment.

A decelerated age profile of depreciation allowances is such that

o

(I11.10) —= < 0<t <t

Dy

A

With a decelerated profile of depreciation allowances we obtain

-~

3q N_ (9q. P
t t t

(III.11) Brl < N [BT}

t

SEisner (1969) points out that temporary tax increases can raise in-
vestment if the depreciation allowance is sufficiently accelerated.

6See Abel (1980c) Section V for a dynamic analysis of investment
behavior under the Auerbach-Jorgenson depreciation allowance scheme.
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In this case, if (aq/BT)P is negative, Bqt/arl is also negative. If the
profile is sufficiently decelerated, then Bqt/arl could be algebraically
less than (Bqt/BT)P. That is, if the effect of a permanent tax cut is to
increase investment, the effect of a temporary tax cut will also be to in-
crease investment but by even more than the perménent tax cut if the de-
preciation allowance profile is sufficiently decelerated. Recall from
Figure 1 that a tax cut reduces the tax savings associated with the depre-
ciation allowance and shifts the net marginal cost curve upward. This up-
ward shift tends to dampen the increase in investment. However, if D is

small, the upward shift in the marginal cost curve is small and hence the

dampening effect is small. Thus a temporary tax cut can cause a larger

increase in investment than a permanent tax cut.

IV. Depreciation Allowance Schedules
with Non-distortionary Profiles

In Section III we demonstrated that with a non-distortionary age
profile of depreciation allowances, the effect of a temporary tax rate
change on investment is in the same direction as, but smaller in magnitude
than, the effect of a permanent tax rate change. Without a non-distortionary
profile of depreciation allowances, temporary tax rafe changes can have
larger effects than, or effects in the opposite direction from, the effects
of permanent tax rate changes. In this section we specify non-distortionary
depreciation allowance schedules which correspond to various patterns of
physical depreciation.

Recall from equation (III.6) that a non-distortionary profile of

depreciation allowances satisfies

(o B
2

(Iv.1)

%l
ket
31
of [et
I

This condition requires that the time profile of deductions be proportional
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to the time profile of marginal value products of capital. Thus, if the

schedule of depreciation deductions for capital installed at time t is
(Iv.2) DDt(s-t) = Aps¢sm(s—t), s >t,

for some positive constant A, then the age prdfilé will be non-distortionary.
This may be verified by noting that in this case ﬁt = Aﬁt and D: = ANt so
o x _ 3 %
that Dt/Dt = N, /N{.
Given that (IV.2) specifies a non-distortionary profile of depre-

ciation deductions, we can now specify non-distortionary depreciation

allowance schedules for specific patterns of physical depreciation. To
simplify the analysis we assume that the output_price Pt and the marginal
product -of capital ¢t are constant over time._ First consider capital which
depreciates at a constant proportional rate so that the fraction of capital

which survives to age x is

(1v.3) n(x) = e O¥,

In this case, the non—diétortionary depreciation allowance schedule is
proportional to e_Gx which is the same as the depreciation allowance
schedule often used in the 1iterature.7

Now consider capital which is subject to straight line physical
depreciation. That is, capital depreciates by a constant absolute amount
over time. In this case, the output produced by a given unit of capital
declines linearly over its life. Letting L be the life of a unit of
capital, we obtain

[1—x/L 0<x<L

(Iv.4) m(x) = L .
0 >

b
ol

This form of depreciation allowance is used by Hall and Jorgenson
(1967,1971), Auerbach (1979), and Abel (1980a). See Abel (1980c) Section
V for a dynamic analysis of investment behavior under this particular
depreciation schedule.
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Since a non-distortionary depreciation allowance schedule is proportional
to m(x), we find that sum-of-years-digits (SYD) depreciation, not straight-
line (SL) depreciation, yields a non-distortionary age profile of depreci=-
ation deductions for capital with straight line Rhysical depreciation.
Although SYD allowances are more accelerated than SL allowances, SYD allow-
ances are not accelerated in the sense defined in Section III, if physical
depreciationj is SL.

To demonstrate further that SYD depreciation allowances are non-
distortionary if physical depreciation is SL, consider the case in which
the discount rate is zero. In this case the value of a unit of capital is
equal to the (undiscounted) sum of its marginal products over its remaining
lifetime. With SL physical depreciation we can view capital as a coupon
bond with coupons which decline linearly over time. At any point of time
value of such a coupon bond is equal to the sum of its remaining coupons.
The loss in value of this bond per unit time is equal to the value of the
coupon which was redeemed during that time. Since the coupons decline
linearly over time, the loss in value per unit time, that is, true economic
depreciation per unit time, declines linearly over time. Thus with a zero
discount rate, SYD depreciation allowances are equivalent to true economic
depreciation for capital with SL physical depreciation. The use of the
term "accelerated depreciation' to describe SYD depreciation seems quite
inappropriate in this case. Even if the interest rate iz positive, SYD de-
preciation allowances are non-distortionary in the sense of this paper,
although'SYD allowances differ from true economic depreciation. Further
discussion of true economic depreciation appears in the Appendix, where
it is shown that true economic depreciation has a non-distortionary

age profile for a debt-financed firm.

8 By "true economic depreciation" we mean the loss in value as dis- -
cussed by Samuelson (1964).
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As a third pattern of physical depreciation, consider a one hoss shay
which produces at a constant rate for a length of time L and then disappears.

For a one hoss shay we have

(1IvV.5) m(x) =

In this case SL depreciation deductions are non-distortionary. Even though
there is no physical depreciation ﬁntil age L, a one hoss shay unit of
capital does lose value as it ages. As explained in the case of SL
physical depreciation, a non-distortionary profile of depreciation allow-
ances reflects the true loss in economic value which would occur if the
interest rate were zero. Hence, even in the absence of physical depre-
ciation, there must be positive depreciation deductions to achieve a non-
distortionary profile.

In this section we have shown that three methods of ¢alculating
accounting depreciation --proportional (declining balance), sum-of-years-
digits, and straight line--represent non-distortionary age profiles for
three commonly used patterns of physiqal depreciation--proportional,
straight line, and one hoss shay, respectively. We must note, however,
that the definition of non-distortionary depreciation allowances was based
on the assumption that the after;tax discount rate is inQariant to chanrcs
in the tax rate, as is the case for an equity-financed firm. In the
Appendix, we examine the case in which the pre-tax discount rate is
invariant to the tax rate so that changes in the tax rate cause the after-
tax discount rate to move in the opposite direction, as is ﬁhe case for

a debt-financed firm.
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V. The Effect of Inflation on the
Efficacy of Tax Rate Changes

Since depreciation deductions are based on historical cost, an in-
crease in the rate of inflation will reduce the real value of future de-
preciation deductions and hence will reduce the real present value of
depreciation deductions D¥. By iﬁcreasing the net cost of investment,
this reduction in D* tends to reduce the optimal rate of investment.

This contractionary effect of inflation on investﬁent could be offset by
indexing depreciation deductions or by allowing faster write—offs of
capital, as discussed by Feldstein (1979). Feldstein finds that for
moderate values of the real discount rate and the rate of inflation, and
for reasonable lives of capital, the 10-5-3 proposal for faster write-
off of capital is similar to indexing depreciation deductions. More pre-
cisely, the two proposed reforms have similar effects on D* but, as will
be shown below, they have quite different effects on the shape of the age
profile of real depreciation deductions. As explained in Section III, the
shape of the age profile of depreciation deductions is important for assess-
ing the relative impact on invesfment of permanent and temporary tax rate
changes. In this section, we examine the impact of inflation on the age
profilé of depreciation deductions and the implications for the efficacy of
short-run fiscal policy.

In order to simplify the analysis, we assume that the equity-
financed firm faces a constant nominal discount rate r gnd a constant

rate of inflation.T over the entire future. Therefore, the real discount

9 The reduction in D* also distorts the choice of durability of
capital, as discussed in Auerbach (1979), Kopcke (1979) and Abel (1980a).
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rate i = r - T is constant over time. Normalizing the price level so

eﬂ(s—t)’

that ps = s > t (and assuming the marginal product, ¢s’ is

unity for all s), equation (I1.8) can be rewritten as

t* t* : .
f DD(S-t)e—r(S—t)dS = f (e—“(s—t)DD(S—t))e_l(s—t)ds
t t

(v.1) a. D

* i DD(é—t)e_r(S—t)ds - f (e—w(s-—t)DD(S_t))e—i(s-—t)ds

b. D =
t t t
-~ t* .
c. N = / m(s—t)e_l(s_t)ds
t
oo
d. N: = f m(s—t)e—i(s_t)ds.
t

Note that in the expressions for Dt and Di, the nominal depreciation deduc-
tions DD(s-t) are discounted by the nominal discount rate or, equivalently,

the real depreciation deductions e_ﬂ(s_t)

DD(s-t) are discounted by the real
discount rate. 1In the expressions for ﬁt and Ni, the real marginal products
of capital are discounted by the real discount rate.

To see the effect of the rate of inflation, consider the following

depreciation deduction scheme which would be non-distortionary in the

presence of a constant price level

(v.2) DD(x) = Am(x).

Under this depreciation deduction scheme, we would obtain

t*

(v.3) a. ﬁt = Aj e“"(s“t)m(s_t)e—i(s—t)ds
t

el SO0y,
: t

~ ~ % *
If the rate of inflation were zero, then Dt = ANt and Dt = XNt so that the
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depreciation allowance scheme would have a non-distortionary age profile

as claimed above. However, with a positive rate of inflation, the age pro-
file of real depreciation deductions Ke—ﬂxm(x) would slope downward (as a
function of age x) more steeply than the age profile of real marginal products
so that ﬁt/Dt > ﬁt/N:. That is, with a positiVe rate of inflation, the age
profile of depreciation deductions becomes accelerated. With an accelerated
age profile of depreciation allowénces, it is possible for a temporary tax

cut to reduce investment, even in situations in which a permaneqt tax cut
would increase investment.

We have shown that inflation has two effects on the schedule of de-
precia;ion deductions: (1) an increase in the rate of inflation reduces the
real present value of depreciation deductions D*; and (2) an increase in the
rate of inflation causes the age profile of real depreciation deductions to
become more accelerated. Clearly, if nominal depreciation deductions are
indexed to the price level, these two effects will disappear. An alternative
reform of current depreciation deduction schedules would be to allow a faéter
write-off of capital. Although allowing a faster write-off of capital would
tend to offset the reduction in D* (see Feldstein 1979), it would tend to
exacerbate the accelerated nature of the age profile of depreciation deductions
and could reverse the response of investment to temporary tax rate changes.
The empiricAl relevance of this possibility is assessed below, in the
context of 10~5-3 depreciation.

Suppose that in line with recently proposed legislation firms
receive a 10 percent investment tax credit and are allowed to depreciate
equipment based on a five-year tax-life using the sum-of-years method.lo’11
Also suppose that the equipment has a useful life of L years and depreciates
linearly over time.12 Note that if the life L is equal to five years and

if the price level is constant then, as discussed in Section 1V, the age pro-
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file of depreciation deductions will be non-distortionary. However, if
the useful life L exceeds five years and/or if the rate of inflation is
positive, then the age profile of depreciation deductions will be accele-
rated. The effects on q of permanent and temporafy tax rate increases
are shown in Table I, based on a corporate tax rate of 46%.

Each cell in Table 1 contains three numbers which indicate the effect
on q. of an increase in the tax rate, 9q/3t1, calculated under three alterna-
tive sets of assumptions.l3 The first number in each cell gives the effect
on q, of a tax increase lasting Zor one vear under the assumntion that the
useful life of capital, L, is five years. The second number in each cell
also gives the effect of a one-year tax increase except that L is assumed
to equal ten years rather than five years.14 The‘third number in each cell

gives the effect on 4, of a permanent tax rate increase, based on (III.4).

1O'U_nder the proposed Capital Cost Recovery Act of 1979 (HR4646 of
the 96th Congress), structures could be depreciated in ten years, equipment
(except autos and light trucks) could be depreciated in five years, and autos
and light trucks could be depreciated in three years. This legislation also
Proposes a 10 percent investment tax credit on equipment (except autos and
light trucks) and a 6 percent investment tax credit for autos and light trucks.

. 11'Following Feldstein (1979), we use the "half-year" convention in
which 50 percent of a full year's depreciation is taken during the first year.
Therefore, the annual depreciation deductions are 20, 32, 24, 16, and 8 per—
cent of initial cost in years one through five, respectively.

IZME also adopt the "half-year" convention for examining the mar-
ginal product of capital. Therefore, the specification of the age profile
of marginal products m(x) is m(l) = w/L and m(x) =(20/L2)(L + 1-x) for
x=2, ..., L, where w is the undiscounted sum of marginal products over the
life of the unit of equipment,
13The numbers in Table 1 for 3q/9t give the change in the level of
q per unit change in t. To obtain the effect of a five point increase in
the tax rate from .46 to .51, the numbers in Table 1 must be multiplied by
.05, Observe that we have normalized w (defined in footnote 12 ) to be 1.0;
the implied value of ranges from .56 to 1.16, Note, however, that w is
simply a scale factor, A slightly higher value of w would yield values of q

that appear more empirically reasonable., If w is increased, then all entries
in Table I are increased proportionately, -
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. 0416 =~ 0561 «s 0679 ~. 0934 -.1176
- .1082 »090L ~ .Q755 ,0k28 . 010k
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Note that the changes examined in Table 1 are permanent and temporary
chaﬁges in the corporate tax rate. It is assumed that the schedule of
depreciation deductions is, and always will be, given by the 10-5-3
proposal, with a five year life; we are not examining temporary depre-
ciation allowance policies.

Examination of Table 1 reveals several striking features of the
effects on qt of a change in T. Recall from (III.4) that since N? >0,
the sign of (Bq/aT)P depends only on the sign of 1-k-D*, which depends on
the nominal interest rate but not on the real interest rate. This fact is
evident in Table i where (Bq/BT)P, the third entry in each cell, is positive
if the nominal interest rate is 4 percent or less and is negative if the
nominalvinterest rate is 5 percent or greater. That is, a permanent cut in
the corporate tax rate will increase investment if the nominal discount rate
is greater than or equal to 5 percent. However, if the nominal discount
rate is 4 percent or less, then the present value of depreciation deductions,
D*, is sufficiently large and offers a big enough shield from taxes that
a permanent tax rate decrease will actually reduce investment.

Another feature of the effect of permanent tax rate changes can be
seen by looking across the rows of Table 1. It is clear that (Bqt/BT)P is

a decreasing function of the rate of inflation, holding constant the real

14The first two numbers in each cell are calculated based on (III.5).
Although we use the half-year convention for marginal products and
depreciation deductions, we discount all flows to the beginning rather
than the middle of the first year. Thus, for example,

5 , '

Dx = } DD (i) (1+4r) 1 where DD(i) are as given in footnote (11).
i=1
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discount rate.ls’16

That is, for a given real interest rate, a permanent
tax cut tends to have a more expansionary (or equivalently, less contrac-
tionary) effect on q and investment as the rate of inflation is increased.
More generally, since an increase in the rate of/inflation reduces D%,
it increases the tendency for permanent tax cuts fo stimulate investment,
as is evident from (III.4).

Now consider the case of zero inflation as shown in the first
column of Table 1. The first element in each cell in this column is
based on the assumption that the useful life of capital, L, is five
years which equals the taxable life. Thus, the depreciation deduction
scheme has a non-distortionary age profile. Therefore, the sign of 3q/3T
for a temporary tax change must be the same as the sign of (aq/aT)P for a
permanent tax rate change, as indicated by (III.7). Now consider the
second element in each cell of column 1, which is based on the assumption
that the useful life of capital, L, is ten years and the taxable life is
5 years. In this case, the depreciation deduction schedule has an accele-
rated age profile, and as explained in Section I1I, it could be the case
that a temporary tax cut is contractionary even though a permanent tax cut
would be expansionary. This situation arises in the first column of Table

1 when the real discount rate is greater than or equal to 5 percent.

: P * 3
15It can be shown that ~§%~(8q/81) = N*D;/(l—k—TD )7

Jo le . X . 3 P h
{(1-271)(1-k) + D%} where D; is aD*/3w. Since DTr < 0, ‘5;~»(aq/ar) has the

opposite sign as the term in curly brackets. (We assume that (1-k-1D#*) is
positive so that the cost of %Pvestment is positive.) For the parameter
values T = 0.46 and k = 0.1, e (9q/9T)" 1is negative.

161t is also true that for t%f real rates of interest and the rates
of inflation displayed in Table I, e (3q/31) < 0.

A . ,
=9q__-N" IN (1-1)D_
*Let g . i ke 1k D% | * It can be shown that
D% % [D_(1-k-1D*) + 1Dp* .
3 - . %
%8 . il ( (A-DN7 | i where D% = %Er-< 0 and

- _-¥g+ E3 L
am ~ 1-k-1D 1 D% (1-k-1D%)2
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It was suggested above that the presence of inflation will change a
non-distortionary age profile of nominal deductions into an éccelerated
profile and could lead to a situation in which a permanent tax rate cut
stimulates investment but a temporary tax rate cut actually reduces
investment. In terms of Table 1, this effect woula appear as a cell in
which the first number is positive and the third number is negative. This
effect is evident in only ome cell (i = 1%, T = 4%). Thus, for the depre-
ciation allowance schedule underlying Table 1, and for temporary tax rate
cuts lasting one year, this particular effect of inflation is possible
but not widespread,

Directing attention to capital with a ten-year useful life, note
that, except for two cases in which the rate of inflation is 20 percent,

a temporary tax cut will reduce investment (the second entry in all but

two cells is positive). However, if instead of shortening the taxable

life of ten-year capital as in Table 1, depreciation deductions were

based on the sum-of-years digits method with a ten-year life and with
indexing, the effects of temporary tax rate changes would be quite different.
The indexing scheme’in this example would yield a non-distortionary age
profile of depreciation deductions, even in the presence of inflation.

Thus the effect on 9 of temporary tax rate changes would be in the same
direction as the effect of permanent tax rate changes. Hence, for nominal

interest rates greater than or equal to 5 pefcent, a temporary tax rate

: R \
D = L 0. Note that g > 0 is a sufficient conditi%n for —%—< 0. A neces-
U om ~ _ TH
3 . N l-1 “n 2(1-1)
sary and sufficient condition for 3%~< 0 is T DF < Ik cD%" For the

i
real rates of interest and rates of inflation displayed in Table 1, the
maximum value of N/N* is .2032 for i = 1 percent and L = five years; the

minimum value of %é%f%%% is ,2532 for r = 30 percent. Since ﬁn/Di > 0, it

is clear that %g_< 0 for the range of real interest rates and inflation rates
™

displayed in Table 1.
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reduction would stimulate investment in capitgl with a ten-year life, in
contrast to the effect displayed in Table l.17

The most disconcerting feature of Table 1 from the point of view of
countercyclical fiscal policy is that for most reasonable values of the
real interest rate and the rate of»inflation, the first and second entries
in each cell are of opposite sign. That is, temporary tax cuts have
opposite effects on investment with 5-year and 10-year useful lives.
Temporary tax cuts tend to stimulate investment in less durable capital
but reduce investment in more durable capital. With these opposing

effects it becomes extremely difficult to assess the effect of counter-

cyclical tax policy on total investment in short-lived and long-lived capital.

VI. Concluding Remarks

If temporary changes in the corporate tax rate are to be considered
in the formulation of countercyclical fiscal policy, then the age profile
of depreciation deductions and the age profile of the marginal product of
capital must be carefully analyzed. If the age profile of depreciation
deductions ié non-distortionary, then temporary tax cuts will stimulate in-
vestment if and only if a permanent tax cut would stimulate investment.
However, if the age profile of depreciation deductions is accelerated, then
temporary tax cuts could be contractionary even though a permanent cut would

be expansionary.

17Under the sum-of-years digits method based on a 10-year life, D¥=,90L0
if the nominal discount rate r_is 4%, and D¥ = .8824 if r is 5%, With a 10%
investment tax credit, (3q/31)F is positive if r < L%, and (3q/37)F is
negative is r > 5%,
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It is well known that increases in the rate of inflation reduce
the present value of real depreciation deductions and thereby inhibit invest-
ment. Three reforms of the current nominal depreciation allowance laws
have been proposed: (1) the Conable-Jones 10-5-3, -(2) the Auerbach-Jorgenson
immediate write-off scheme and (3) indexing. The first two of these three
proposals would exacerbate the accelerated nature of real depreciation
deductions induced by inflation and‘could lead to the situation in which
a temporary tax cut would reduce investment in very durable capital, even
though a permanent tax cut would stimulate investment in.this durable caﬁital.
One cannot simply recommend a temporary tax rise to stimulate investment
in very durable capital since this policy would reduce investment in short-
lived capital. Temporary tax rate changes are plagued by the fact that
they have opposite effects on investment in long-lived and short-lived capital

under two of the currently proposed reforms to depreciation allowances.



Appendix

In the text we analyzed the investment behavior of an equity-
financed firm with an after-tax discount rate invariant to changes in the
corporate tax rate. This appendix extends the analysis to the case of a
debt-financed firm with after-tax discount rate (1-T)r. We assume that the
pre-tax discount rate r is invariant to changes in the corporate tax rate
so that changeé iﬁ T induce opposite changes in the after-tax discount rate.
It will be shown that if depreciation allowances are equal to economic
depreciation, then the age profile of depreciation deductions is non-
distortionary. In general, the non—-distortionary profile of depreciatioq
deductions will differ according to whether the firm is equity-financed or
debt~financed.

The analysis of this Appendix extends Samuelson's (1964) tax invari-
ance theorem té the case in which the corporate tax rate varies over time.
Although the extension is straightforward, it meritsvattention since
Samuelson suggestéd that his analysis does not apply to the case of time-
varying tax rates.18 In ofder to conduct the analysis in a framework

similar to Samuelson's, we rewrite (II.9b) as

a.1) (1-k)q, = R,

. P | ® oy ok, k=1
ft_(l 1P ¢ mis e (o) “ds + qtftTSDDt(s t)os(ot) ds

where Rt

s
- -t_)r_dv.
fo<1 T T,
e is the after-tax discount factor.

*
and
ps

1& amuelson (1964, p. 605) states "All of this analysis presupposes a
tax rate that is uniform over time for each person. Obviously, if a man is
to be subject to different rates, with T being a function of time, his optimal
decision will be distorted by this fact."
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To interpret (A.l), recall from (II.9a) that at the optimal rate of invest-
ment q, is equal to the marginal cost of investment, so that (l-k)qt is the
marginal cost of investment net of the investment tax credit. Note that Rt is
the value of installed capital, including the value of tax savings due to

the depreciation allowance. We will show that if the depreciation deduction,
thD(s—t), equals the decrease in the value of the unit of capital at time

s, then Rt is invariant to the tax rate. If the right~hand side of (A.1) is

invariant to changes in the tax rate, then q, must also be independent of
the time path of the tax rate.

We begin by defining WS to be the value at time s of capital in-
stalled at time t, t < s, calculated under the assumption that the tax rate

T is identically zero.

” -1
(A.2) W, = fs pv¢vm(v-t)pv(ps) dv
v
—f rtdt
where p, = € e is the pre-tax discount factor.

Differentiating WS with respect to time, and denoting this time derivative

as Ws’ we obtain
A, | v - - :
(3 3) WS ps¢sm(s t) + rsws

Observe that —ﬁs is the loss in value at time s of a unit of capital in-~
stalled at time t. Following Samuelson (1964), we set the depreciation de-
duction thD(s—t) equal to —ﬁs. Using this specification of depreciation
allowances, and using (A.3) to substitute for m(s-t) in (A.l); we can cal-
culate the value of capital, in the presence of taxes, at time t' >t as

z z 1

_ _ _ ko % =1, R P
(A.4) R+ = ft' (1=t ) W pl(pf,) ds ftlwsps(pt,) ds.

Using integration by parts to simplify the first integral in (A.4), we obtain
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§=o
IEPEE N
(A.5) Rt' = (pt') { DSWS s=t']'

%
Since pSWS approaches zero as s approaches infinity, (A.5) becomes

(A.6) R, =W
Since Rt' = Wt, for all t' > ¢, Rt' = Wt' and economic depreciation in the
presence of taxes, —ﬁt,, is indeed equal to —ﬁt, which was used in the

above derivation.

To summarize the analysis above, we have shown that if the loss in
value is taken as a depreciation deduction, then Rt is independent of the
value of the tax rate, regardless of whether or not the tax rate is constant.
Since Rt is independent of the tax rate, (A.l) implies that qe is independent
of the tax rate. Therefore, if depreciation allowances are equal to economic
depreciation, investment is unaffected by any changes in the tax rate,
whether they are permanent or temporary.

Now consider a depreciation allowance schedule which is proportional

to the path of economic depreciation given in (A.3),19

(A.7) DDt(S-t) = - AWS, A > 0.

Using this depreciation allowance schedule, the value at time t' of a unit

of capital installed at time t is
[+ -] o«

(A.8) R, = [ (-t )r W p%(e* ) has - f

T * * -1
ty t' t' (l—TS(l—X))NSpS(pt') dS,

which is the analogue of (A.4) when we allow X to differ from unity. Using

integration by parts to simplify the first integral, we obtain

(A.9) Rt' = wtl + ()x—l)At, s
- l1-t J)r dv
where A = —fw W *( * )—lds = —fm : N ejtV( [ d
t! t,Ts sPs Pt t.Ts s S-
19

In general, when A # 1, it is not the case that és = Qs so that

the depreciation allowance in (A.7) is not proportional to economic depre-
ciation.



Note that At' would be the present value at time t' of the future tax |
sayings accrulng to the depreciation allowance, if firms were allowed to
deduct Qs.frqm taxable income,

In the case in which A = 1, (A.9) indicates that the value of Rt'
is invariant to the tax rate as explained above. In order to analyze the
cases in which X # 1, we must determine certain characteristics of At"

We limit our attention to cases in which ﬁs-i 0 for all s > t so that de-
preciation deductions in (A.7) are non-negative. Since rs is nonnegative,

it follows that At'-i 0. Note also that a decrease in the tax rate over

the time interval from t' to t* tends to decrease the value of At' for'two
reasons. First a decrease in the tax rate at any peint of time decreases

the value of tax savings due to the depreciation allowance at that point of
time. Furthermore, a decrease in the tax rate increases the after-tax dis-
count rate and hence reduces the present value of future tax savings.

Hence, At' falls in response to a temporary decrease in the tax rate extending
to time t*. Furthermore, the longer the tax cut is expected to be in effect,
the greater will be the decrease in At" |

Now consider the case in which A < 1 so that depreciation deductions
are less than -ﬁs at every point in time. In this case, a decrease in the
tax rate, whether permanent or temporary, would decrease At' and hence would
increase Rt and increase investment. Note that the longer the tax cut re-
mains in effect, the larger will be the increase in Rt and the larger will
be the increase in investment at time t. In the case in which X > 1 so that
depreciation allowances are, in a sense, overly generous, we find that a tax
cut reduces Rt and actually reduces investment at time t. The reduction in

investment at time t will be greater the longer the tax cut is expected to

remain in effect.



To summarize the effects of tax rate changes when depreciation
allowances are determined according to (A.7), we have found that investment
is invariant to both temporary and permanent changes in the tax rate when A=l.
When A # 1, the response of investment to a temporary tax rate change is
in the same direction as, but smaller in magnitude than, the response of
investment to a permanent tax rate.change of the same amount. When A < 1,
tax cuts increase investment, and when A > 1, tax cuts reduce investment.

Now that we have determined the general form of a non-distortionary
age profile of depreciation allowances, we briefly discuss non-distortionary
age profiles corresponding to certain patterns of physical depreciation. As
in Section IV, we assume that the price P, and the marginal physical product
of capital, ¢t, are constant for all t. If physical depreciation is pro-
portional to the existing stock so that the fraction of capital which

survives to age x is given by (IV.3), then economic depreciation is equal to

i = P95 _-6&x
(A.10) Wx +5 e

In this particular case, the non-distortionary age profiles of depreciation
deductions for both debt-financed and equity-financed firms are proportional
to the age profiles of physical depreciation and economichdepreciation.

The fact that these different concepts of depreciation coincide for the

case of proportional depreciation should not obscure the fact that these
concepts are distinct.2

Consider the case of one hoss shay physical depreciation. It can

be shown that at age x

20See Feldstein and Rothschild (1974) for a discussion of different
concepts of depreciation.



(A.11) -v'ax = p¢ e F{17%)

where L is the life of a unit of capital and r is the pre-tax discount rate.
According to (A.11), economic depreciation rises 6ver time and reaches its
maximum value when capital reaches age L. Clearly, this schedule is not
proportional to the flat profile which is non-distortionary in the case

of equity financing. Furthermore, neither of these schedules is proportiocnal

to the pattern of physical depreciation which is zero everywhere except

21
for a spike at age L.
211n the case of straight line physical depreciation, economic depre-
ciation at age x is %%-(l-e_r(L-x)) where r is the discount rate and L is

the length of life of a unit of capital. 1In general there is no propor-
tionality among any pair of: 1) economic depreciation, 2) physical depre-
ciation, and 3) non-distortionary depreciation deductions in either the
ATI or PTI case.
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