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8 Tax Policy and Investment

Kevin A. Hassett and
R. Glenn Hubbard

The first ship to arrive in St. Petersburg in 1701, a Dutch vessel, received from
F.’eker the Great the privilege of paying no custom duties for the rest of its physical
life—a concession which had the effect of prolonging the ship's life for almost

century—three or four times the normal span,”l )

Just as Peter the Great's tax amnesty spurred substantial maintenance in-
vestment in that Dutch ship, many governments have apparently believed
that tax policy can be used as an instrument to alter firms’ capital invest-
ment decisions. Indeed, investment tax credits (ITCs), special investment
reserve funds, or accelerated depreciation allowances have been the rule
rather than the exception in more developed countries since World War
Il. Against this backdrop, however, economists have generally struggled
to find a significant impact of tax policy on investment. 5
The empirical economic literature on investment finds jts early roots in
the work of Aftalian (1909), Clark (1917), and Fisher (1930). Aftalian and
FZIark lobserved that business investment is highly correlated with changes
in business output, providing support for the early “accelerationist” school
while Fisher's neoclassical theory argued for the importance of marginai
c?rl.ditions. At the risk of oversimplifying, the literature subsequently
divided into two camps. One side argued that the accelerator model per-
formed so well empirically that it should be adopted as the standard model;
the other side looked to neoclassical models relating investment to the user’
cost of capital. The neoclassical school may have had the theoretical high
ground, but empirical implementations of neoclassical models have been
generally disappointing. Indeed, while the time-series evidence has always
revealed that lags of output are highly correlated with investment, inter-
est rates have provided only limited additional explanatory powe;'.2 The
debate between these two schools provides a useful introduction to our
review of the literature relating tax policy to investment. Many observers
even recently (e.g., Clark 1993) have argued that tax policy likely does

~\
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not significantly affect investment, and the arguments inevitably harken
back to the accelerationist debate.

Motivated by the hope that the simplest neoclassical models failed
to explain investment fluctuations because they were too stylized, sub-
stantial energy was devoted to the task of extending these models to in-
corporate more realistic assumptions in the 1970s and early 1980s.> Chief
among these was the incorporation of costs of adjusting the capital stock.
According to these models, investment is forward looking and based
on rational expectations of future variables. Because companies base their
expectations of future variables in part on their observations of the past,
researchers identified a link between lagged variables and current invest-
ment. Indeed, correlation of past output growth and future “fundamentals”
could be used to rationalize a strong correlation between current invest-
ment and past values of the growth of output. When asked to explain the
time-series movements of investment, however, these new models proved
disappointing. Additional variables that were meant to capture the mar-
ginal cost or return to investment seemed to be of little use, over and
above output, in predicting investment. Moreover, structural parameter
estimates tended to be wildly implausible. It is at this point in the evolu-
tion of the literature that we begin this review.

8.1 Models of Investment in the Neoclassical Tradition

Models in the neoclassical tradition focus on the derived demand for
capital by value-maximizing firms.2 This intuition is typically transformed
into models of investment by making assumptions about costs of
changing the capital stock. For simplicity of exposition, consider the de-
cisions of a price-taking firm. Absent taxes, in each period £ firm i’s real
net cash flow is given by

Xi¢ = F(Kip-1, Nig) — wiNiy — peli — C(Ly, Kig-1)s (81)

where K(e) is the capital stock, F(e) is the real revenue function of the
firm, N is the variable factor, w is the price of the variable factor, p is the
real price of investment goods, and C(e) is the function determining
the cost of adjusting the capital stock. In the absence of taxes, then, the
marginal cost of newly installed capital is pr + Cr(Ls, Kig—1)-

To study investment tax policy, we add to the net cash flow expression
(8.1) a profits tax at rate 7, an investment tax credit at rate k, and the
present value of a dollar’s worth of depreciation allowances, z° With
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these additions, the marginal cost of newly installed capital is

pr(1 =T} + (1 — ) Cri{Lip, Kig—1),

where Ty = ki + Tz, and we can rewrite equation 8.1 as:

Xig = (1 — 1) (F(Kig-1, Ne) — wiNig — C(L Kip—1)) — pe(1 — Tig)ls.

Under the assumption of value maximization, the firm maximizes the
present value of its future net cash flows. Letting f§ be the discount factor
appropriate for the ith firm, the firm’s value at time # is given by

Vi = max Ey Z (H)ﬂi,jxih (8.2)

s=t \ j=t

where E; is the expectations operator for firm i conditional on informa-
tion available at time f. The firm chooses the path of investment and
employment of the variable factor, given the initial capital stock, to max-
imize firm value. The change in the capital stock-—net investment—is
given by I — 6K;s_1, where d is the {assumed constant) proportional rate
of depreciation.

For investment, the solution to the problem requires that the marginal
value of an additional unit of investment equals its marginal cost. Denot-
ing the shadow value of an additional unit of investment by 4,°

gip = pr(1 = Tig) + (1 — 70 Cr(lis Kiga)- (8.3)
The shadow price 4 must also obey
Agig = (rie + )i = (1 — 1) Fe(Kip1, Nig) + (1 = 8) Cic (B, Kip-1), - (84)

where r is the instantaneous rate at which marginal cash flows are
discounted.

We can now use this general setup to examine two conventional

" formulations of the neoclassical approach: one based on the user cost of

capital and one based on g.
User Cost of Capital

Jorgenson (1963) and his collaborators suggested using a form of equa-
tion 8.4 to derive an expression for the user cost of capital. If we interpret
g as the price at which a unit of capital can be bought or sold, we can
consider the thought experiment of renting a unit of newly installed
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capital. The owner of this capital will levy a rental cost ¢ such that the rate
of return equals 7, the return available on alternative (financial) assets. The
owner's return from renting the capital equals the rental cost, ¢, plus the
capital gain on the machine, Agiy1/qi less the depreciation of the ma-
chine, dgy. Expressed as a rate of return and equating the rate of return
with the available alternative yields

Ag;
Cip = ((1 — 1) (rie + 0} — -qq—:) - (8.5)

We can substitute for g in equation 8.3 to express the user cost as a func-
tion of the price of investment goods, adjustment costs, and tax parame-
ters. Jorgenson assumed that adjustment costs were zero, yielding the
familiar user cost expression:

G = pi (11—_ 1;:-:) (m +6— &;%1;1_1:)_91) : (8.6)

Returning to our derivation of g in equation 8.3, we can more generally
express the user cost as equaling the marginal cash flow of an additional

unit of capital:
(1 — 70) (Fi (K ig=1, Nig) — Cx(lig, Kip-1)) = cip- (8.7)

Jorgenson's interest centered on isolating the effects of the user cost on
the desired capital stock and investment. He considered a special case in
which the prices p, w, and r are constant and [ = 6K _1 in steady state
(so that C; = Cx = 0). Hence from equation 8.7,

(1 — ) F(Kig1, Nex} = cie

Assuming a constant elasticity of substitution production function,

@

E(K,N) = ApK* + (1 - BN 77,

where A >0, 0 < b <1, and € > —1, one can express the marginal rev-
enue product of capital as

o= () 6"

Returning to the Jorgensonian derivation in equation 8.7, the steady-state
capital stock can be described as a function of the user cost of capital and
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the firm’s real revenue,

Kt = (%)apa(li )_a, (8.8)

where o is the elasticity of substitution (¢ = 1/(1 + 8)).

Equation 8.8 describes the steady-state capital stock, K*. As we describe
in more detail below, it is not an “estimating equation.” To estimate in-
vestment, Jorgenson assumed that ¢ = 1 {Cobb-Douglas technology), so
that K}; = {6/ A%){(1 — ©)Ei/cis). He then assumed that the capital stock
adjusted to the desired level at an exogenous rate dictated by, say, delivery
lags. A substantial empirical debate ensued, with Eisner and Nadiri (1968,
1970) claiming on the one hand that the elasticity of substitution is nearer
zero than unity, while Jorgenson and Stephenson (1969) claimed on the
other hand that an elasticity of unity is more consistent with the data.”

More contemporary applications of the user cost model incorporate
explicit adjustment costs as opposed to ad hoc mechanisms such as deliv-
ery lags. Auerbach (1989), for example, begins with the Euler equation for
investment and assumes a production function with productivity shocks
and adjustment cost function. He approximates the optimal solution for
perturbations by solving a linearized version of the Euler equation. He
then derives a relationship between the investment rate (f;/Kjs1) and
the user cost of capital, in which the user cost coefficient is a function of
the steady-state average user cost and a root of the linearized difference
equation in K (for applications, see Auerbach and Hassett 1991, 1992; and
Cummins, Hassett, and Hubbard 1994, 1996}.

The q Theory

Tobin’s (1969) g theory of investment made more rigorous Keynes's
(1936) idea that the incentive to add mew fixed capital depends on the
market value of capital relative to its replacement cost. Tobin represented
by g the ratio of the market value of the firm to the replacement cost of its
capital stock. One can easily incorporate adjustment costs and fax param-
eters in the g framework (see Hayashi 1982).

Returning to equation 8.2, we know that equilibrium marginal g is
related to the price of investment goods, tax parameters, and adjustment
costs. If we assume that the adjustment cost function is quadratic,

o/ I 2
Cllip, Kiy-1) = 3 (K_;f -~ #,-) Kig-1, (8.9}
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where u is the steady-state rate of investment and w is the adjustment
cost parameter, then equation 8.2 can be rewritten as an investment equa-
tion:

Le 1 [q:',t —p(1— ri,t)]. (8.10)

K1 T (1—1)

Equation 8.10 offers a convenient way of estimating the responsiveness of
investment to neoclassical variables, including tax parameters, but there is
a hitch: marginal g is unobservable, Following Hayashi (1982), if the firm
is a price taker in input and output markets and the production function
exhibits constant returns to scale, marginal 4 equals average g, defined for
each firm as tax-adjusted g4 (denoted below by Q),

Vig + Big — Aip

, (8.11)
Kfy

Qis =
where V is the market value of the firms’ equity, B is the market value of
the firm's debt, A is the present value of depreciation allowances on in-
vestment made before period , and KX is the replacement value of the
firm’s capital stock (including inventories). :

The Q formulation stresses a relationship between investment and the
net profitability of investing, as measured by the difference between the
value of an incremental unit of capital and the tax-inclusive cost of pur-
chasing capital. As with the user cost approach, by making assumptions
about costs of adjusting the capital stock, one can estimate effects of in-
vestment incentives on investment.

Foreshadowing Empirical Problems

Jorgenson (1963) investigated whether a version of equation 8.8 could be
used to describe aggregate fluctuations in U.S. investment. Moving from
this equilibrium relationship to an empirical model, however, required a
few more steps. Because output is determined by the choice of K, equa-
tion 8.8 does not relate K to a set of exogenous variables.® Rather, it
expresses a relationship between endogenous variables that holds in equi-
librium. Indeed, equation 8.8 does not define an investment relationship,
that is, the flow of capital, but rather describes only the equilibrium stock
of capital.? Jorgenson moved to an “investment” specification by defining
a firm’s “desired” capital stock, K*, as Y/c, and then assuming that the firm
gradually approached this desired stock over time. He assumed that the
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rate at which the firm closed the gap between its actual and desired stocks
‘was given exogenously and did not affect the level of the “desired” stock.
These assumptions yielded the estimating equation:

T
Iy = Z wj(K,-,f_,- — K?,f—l—j) +5K,',g_1. (8.12)

=0

Hall and Jorgenson (1967) originally used such a model to explain aggre-
gate investment and concluded that it described the data well. Eisner and
his collaborators later pointed out that the model they estimated—recog-
nizing that K* was the ratio of output to the user cost—could be capturing
accelerator effects, which had long been known to be strong explanatory
factors for investment. In particular, if one constrained the user cost to be
a constant, one could rewrite equation 8.12

T

Iy = Z wi(Yie—j — Yip-a15) + 0K -1, (8.13)
=0

which is a form of an accelerator model. When critics of Hall and Jorgen-

son isolated the separate contribution of the user cost to explaining in-

vestment, they found it to be negligible (see Eisner 1969, 1970; Eisner and

Nadiri 1968; Chirinko and Eisner 1983).

Nonetheless, by the late 1960s, the neoclassical model developed by
Jorgenson and others had become the standard model for studying in-
vestment decisions, but empirical debates remained. On the one hand, the
neoclassical approach offered a structural link between tax policy parame-
ters—the corporate tax rate, the present value of depreciation allowances,
and the investment tax credit—and investment through the user cost of
capital.’® On the other hand, the empirical evidence suggested that the
more rigorous theory did not improve the econometrician’s ability to
explain aggregate investment fluctuations or the response of business
investment to changes in tax policy.

Partially in response to this empirical concern, models based on the
representation of the firm's investment problem occupied much of the
empirical research by the 1980s.11 A key appeal of the Q approach was
that it related investment to a variable that was (under certain assump-
tions) easier to observe than the user cost of capital. However, early
empirical adaptation of Q models did not fare well in explaining either
time-series or cross-sectional (firm-level) variation in investment.

Despite such empirical frustrations, policymakers in the United States
and other industrial economies, given the frequency with which they

LS
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manipulate tax policy parameters, evidently believe that business fixed
investment responds to tax changes. Hence it is disturbing that models
emphasizing the net return to investing are defeated in forecasting “horse
races” by ad hoc models and that structural variables are frequently found
to be economically or statistically insignificant.? Recently the investment
literature has begun to make a convincing case that the fundamentals are
in fact key determinants of investment but that they appear to have little
effect in the macro data because of several severe econometric prob-
lems.13 To set the stage for the discussion of these problems in section
8.3, we first review key stylized facts about the time-series behavior of
business fixed investment and “fundamental determinants of investment.”

8.2 Some Stylized Facts About Business Fixed Investment

In figure 8.1, we plot aggregate U.S. equipment investment against several
investment fundamentals. The top panel shows the comovement of invest-
ment and the Jorgensonian user cost. The series rarely move together in
an obvious way, and the correlation since 1960 is a statistically insignif-
icant —.11. The second panel illustrates the strong comovements between
investment and corporate cash flow. The two series are roughly coinci-
dent, and the correlation over time is a highly significant .64. The bottom
panel illustrates the accelerator effect, which relates changes in the growth
rates of output and equipment spending. As with cash flow, the correla-
tion is large and highly significant, and the coincidence of the series is
visually striking.

Although one should be’cautious interpreting such correlations for-
mally, they nonetheless suggest clear patterns. Aggregate equipment in-
vestment varies significantly over the business cycle and neither lags nor
leads the cycle; it is highly correlated with other variables that are also
highly procyclical. The time-series correlation between investment and
the user cost, on the other hand, is quite weak. Figure 8.1 can be though
of as a visual summary of the early investment literature: accelerator effects
are strong and obvious; user cost effects appear weaker and more subtle.

We focus on studies of equipment investment, in large part because
empirical attempts fo model investment in structures have been more
disappointing. Figure 8.2, which repeats figure 8.1 with the relevant
fundamentals related to the growth rate of investment in nonresidential
structures, illustrates the problem. Structures investment is less clearly
correlated with all of the fundamentals. The correlation with the user cost
is insignificant and has the incorrect sign, the correlation with cash flow is
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about one-fourth of that between cash flow and equipment investment,

- and the accelerator effect, still noticeable, is significantly weaker.

An alternative branch of the investment literature has followed the
suggestion of Tobin (1969) that investment should be related to Q the
ratio of the market value of the firm to the replacement costs of its capital
stock. Figure 8.3 depicts the correlation of aggregate business fixed in-
vestment with Q.24 The top panel compares the level of real investment
to the level of Q. Clearly the low-frequency movements in the two series
are not highly correlated. The bottom panel relates the growth rates of
these two series. Here it appears that growth in Q leads growth in invest-
ment somewhat, although the relationship is weak, and the contempora-
neous correlation is actually negative,1

To summarize, the tendency for a number of aggregate variables to
move together over the business cycle makes it difficult to isolate effects
of individual fundamentals on investment. Hence a partial equilibrium
investment demand approach might have very little power to explain
aggregate investment fluctuations. Movements of the aggregate variables,
including investment, are determined simultaneously, and disentangling
the marginal impact of a single driving variable is difficult, if not impos-
sible, For example, suppose that aggregate demand increases exogenously
for some reason. This shift might lead firms to be more optimistic about
their sales prospects and to purchase more investment goods; it might
also be expected, at least in the short run, to lead to higher interest rates.
If we then examine the correlation between investment and the interest
rate, we might even find that the sign is the opposite of that predicted by
the theory. While an instrumental variables procedure might allow us to
overcome this simultaneity problem, the estimator is only as good as the
instrumnents, and it is difficult to imagine an appropriate set of instruments
for this application. Microeconomic data, however, provide a rich addi-
tional source of variation, and it is to the microdata studies that we now
turn,

8.3 Estimating Effects of Tax Policy on Investment Using
Microdata

Standard investment models emphasizing the net return to investment
yield four empirical representations, each beginning with the firm max-
imizing its net present value. The first-order conditions lead to a Euler
equation describing the period-to-period optimal path of investment. Abel
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and Blanchard (1986) solved the difference equation that relates investment
to its expected current and future marginal revenue products of capital;
Gilchrist and Himmelberg (1995) apply a related forecasting approach to
panel data. Alternatively, effects of tax parameters may be estimated from
the Euler equation (see, e.g., Abel 1980; Hubbard and Kashyap 1992). As
in Auerbach (1983b) and Abel (1990), investment can be expressed in
terms of current and future values of the user cost of capital and, under
some conditions, expressed in terms of average 4. Again, this approach
was suggested initially be Tobin (1969), with the necessary conditions
supplied by Hayashi (1982).

The Basic Problem

To assess recent empirical work on tax policy and investment, we begin
with the following general model of investment, which follows the dis-
cussion in section 8.1:

Ly

= Suyta 14
Kis—1 7+ Bt (814)

where Iand K denote investment and the capital stock, respectively; § is an
underlying structural variable (e.g., the expected value of tax-adjusted Q
or the user cost of capital) or set of variables; y is a coefficient whose struc-
tural interpretation relates to assumptions about convex costs of adjusting
the capital stock; and ¢ is a white-noise error term that reflects optimization
error by firms.16

Researchers usually estimated such models using either ordinary least
squares or generalized method of moments techniques with instrumental
variables. Cummins, Hassett, and Hubbard (1994, 1996) note that conven-
tional estimated values of y in firm-level panel data for the United States
or for other countries are very small, ranging from 0.01 to 0.05, implying
marginal costs of adjustment of between one and five dollars per dollar
of investment. Such estimates, which have emerged in many empirical
studies (Summers 1981; Salinger and Summers 1983; Fazzari, Hubbard,
and Petersen 1988a), imply very small effects of permanent investment
incentives on investment.

Subsequently, empirical researchers have offered two general explana-
tions of the failure to estimate significant tax effects on investment: (1)
measurement error in fundamental variables and (2) misspecification of costs

~ of adjusting the capital stock. Both research programs have contributed
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to our understanding of the responsiveness of investment to changes in
the net return to investing and have reached similar conclusions about the

likely effects of tax policy for some important cases.

Measurement Error in Fundamental Variables
A major problem in using equation 8.14 in order to recover estimates of
marginal adjustment costs and the effect of tax changes on investment is
that measurement error in  or the user cost of capital may bias down-
ward the estimated coefficient. A number of techniques have been sug-
gested to address this measurement error, including statistical corrections,
avoiding the use of Q) or user cost representations, using new proxies for
Q, focusing on periods or frequencies in which firm variation in funda-
mental variables is less subject to measurement error, and modifying
assumptions about the financial frictions firms face. We consider each in
turn and examine whether the techniques produce a consensus estimate of
adjustment costs that can be used to forecast the effects of investment

incentives on business fixed investment.

Statistical Approaches
There are at least two problems in measuring () that might affect esti-

mated adjustment costs. First, to the extent that the stock market is
excessively volatile, Q might not reflect market fundamentals. Second, the
replacement value of the capital stock in the denominator of Q is likely to
be measured with error. Griliches and Hausman (1986) argue that mea-
surement error will lead to different biases among potential estimators
that are similar in that they control for firm-specific effects but differ in
their signal-to-noise ratios, making it possible to place bounds on the
importance of measurement error, Cummins, Hassett, and Hubbard (1994)
estimate a model like equation 8.14 using first differences and longer

differences (as opposed to the conventional fixed-effects, within-group

estimator) to address measurement error problems. Their estimated ad-

justment costs decline significantly.

In a time-series sefting, Caballero (1994} pursues an alternative esti-
mation strategy, based on a suggestion by Stock and Watson (1993).
Caballero argues that small sample biases of typically employed time-series
estimation procedures are particularly severe when estimating adjust-
ment cost models, and he shows that elasticities will generally be biased
downward. Using the procedure of Stock and Watson for estimating the
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datz For the Unite a e:?:1 are unal:?le to reject the frictionless neoclassical
moce! for most Hf;ms, ﬁn the estl.mated adjustment cost parameters are
ore reasonable | an td ovs\tra hfiouncl in estimates of (J models. For example

Hubbar an : zg I\J}:H i ted (.1995) report estimated values of be—r
preen 1 e .b. o Ty 51_1111 ar est'lrnates are reported for European manu-

g s by Cummins, Harris, and Hassett (1995) and for investment

in overseas subsidiaries of U.S. multinati . )
Hubbard (1995). - multinational corporations in Cummins and

Alternatives to Q

The measure of average (Q used as a proxy for margin
asur al g1 iri
2;1; :nt;icilssﬂl—lsecfcimstmctefd as the ratio of the marketgvalui ISle?: tﬁir:rll)c]:;i
SR TT (:}c}u:ify and debt) to the replacement cost of the firm's
e r;'lar -eal ir approach_bypasses using financial variables as
current and futu&:: prgﬁl’:: ;:iii:i:?gb " e_xPe‘:ted Dt of st
curre v an incremental unit of capital—
Sgaraite;s;: (t)l:ef::g)zcte‘:{bvalue of marginal g—an idea developed (in thzlt?rlne-
P Gikhris:rande]l_;nd Blanchard (1986) and extended for use in panel
g et lmmert_erg f1995). One can extend this setup to a
pane’ata settin g by kconstructmg investment fundamentals using a VAR
inVes,mengt e e;;or to decompose the effect of profits or cash flow on
et o b o com.ponents: one that forecasts future profitabilit
ictionless capital markets assumed in the neoclassical modcz;

AN
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(analogous to marginal ) and a residual component that may be attribut-
able to financial frictions (analogous to the role played by cash flow in
the imperfect-capital-markets approach of Fazzari, Hubbard, and Petersen
1988a). By including lags of cash flow in the vector of observed funda-
mentals in the forecasting equations, one can ensure that any information
about future marginal profitability of capital contained in cash flow is
reflected in the proxy for marginal 4.

Using such an approach, Gilchrist and Himmelberg (1995), report esti-
mates of y that are roughly consistent with the Euler equation estimates
discussed above. In addition, they test whether cash flow is an indepen-
dent “fundamental” variable explaining investment and find that it is for a
subset of firms that are likely to face financing constraints.l” (We return to
a discussion of this latter result below.)

Measuring Changes in Fundamentals Using Tax Reforms
One reason the data do not appear to favor neoclassical models over
accelerator models is a simultaneous equations problem. If the data are
dominated by exogenous increases or decreases in the real interest rate,
then the user cost movements would lead investment to decrease or in-
crease, respectively. But if investment rises with positive “animal spirits,”
then higher investment demand puts upward pressure on the real interest
rate. Hence to the extent that data incorporate exogenous changes in both
the real interest rate and the intercept of the investment function, the
positive relationship between investment and the user cost of capital be-
cause of shifts in the investment function may dominate the hypothesized
negative relationship between investment and the user cost of capital. In
this case, the estimated coefficient on the user cost of capital will be “too
small” leading to estimated adjustment costs that are “too large.” Such
simultaneity increases apparent accelerator effects, because positive shifts
of the investment function raise both investment and output. 2
This simultaneity problem in the estimation of neoclassical models is
remedied by the use of instrumental variables. Conventional instrumental
variables (including lagged endogenous variables or sales-to-capital ratios)
have not proved very helpful. Major tax reforms arguably offer periods
in which there is exogenous cross-sectional variation in the user cost of
capital or tax-adjusted g. Cummins, Hassett, and Hubbard (1994, 1996)
demonstrate that major tax reforms are also associated with significant
firm- and asset-level variation in key tax parameters (such as the effective
rate of investment tax credit and the present value of depreciation allow-
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Aﬂ:el-f:ax cost of one dollal Uf equipment investment, 1953—-1989 2 -
.
lﬂhOllS based on data from tlle BEA. nves 1({ M 1989. Source: Author’s calcu

ances). Hence tax vari i i
anc c:r i t:;r:a;lf)cl):n a:e likely to be a good instrument for the user
; Totmc.hcate the mgnifica‘nce of cross-sectional heterogeneity in incen-
avesalo nlvest, we emphasize variation across assets. Figure 8.4 plots the
Clnnu'i:i ‘:{a ues of (1—T) for the twenty-two classes of equipment capital
alslm eal by the Bureau of Economic Analysis (BEA). The peaks and
::a eys l14:)118 the year axis for a given asset reveal the time-series varia-
ion in the tax parameters, and those along the asset axis for a given
reveal the cross-sectional variation. For asset 8 (metalworkin Ifach' o),
for e}::ample, the after-tax cost of investing falls in 1962 19872. dmerY)'
and rises in 1986. ’ i
FIngIre 8.4 reveals that the variation across assets is large within most
fizars 1rf1 c;lur samples, as is the time-series variation. In addition, the posi-
foﬁ;s “:Jint :hpea.ks anc; valleys _change somewhat over time. For example,
o g the removal of the investment tax credit and the reduction of
e‘co‘rporate tax rate by the Tax Reform Act of 1986, the cross-sectional
variation across assets fell, consistent with the act’s s’;at d “eve
e oot s ed goal to “level
. is;zm“ﬁt:;:;l;sesetttf arllqd Hubbard (1?95) use vector autoregressions to
o nt in the year following a tax reform and then compare
e forecast errors for each of the assets to the changes in the user cost for
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Cross-sectional relationship between investment and user cost forecast errors, 1987. Source:

Cummins, Hassett, and Hubbard (1994, figure 3).

hat experiment and for the Tax Reform
f the forecast errors constructed from
cks to the user cost of capital for

that asset. In figure 8.5, we repeat t
Act of 1986, and provide a plot o

models that exclude taxes against sho
cach of the twenty-two equipment asset classes tracked by the BEA. In

addition, we draw a regression line through the scatterplot. The idea is
that the forecast errors for investment should be negatively correlated
with forecast errors for the user cost of capital. The downward-sloping
line indicates a clear negative correlation.

We can now illustrate the effect of tax parameters on firm investment.
Table 8.1 shows the significance of using exogenous tax changes to iden-
tify changes in Q.% Taken from Cummins, Hassett, and Hubbard (1996),
it presents estimates of the investment equation (8.14) during majer tax
reforms in fourteen countries over the 1980s; firm-level data are taken
from Compustat's Global Vantage. Using contemporaneous tax variables
as instrument during major tax reforms, Cummins, Hassett, and Hubbard
estimate y to be 0.65 for the United States, compared with 0.048 under
conventional estimates. They obtained similar estimates for each of the
other major US. tax reforms in the postwar period using data from
Compustat (Cummins, Hassett, and Hubbard 1994); focusing on the Tax
Reform Act of 1986, Auerbach and Hassett (1991) found similar coeffi-
cients using asset-level data and cross-sectional variation in the user cost.
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Table 8.1 .
Estimates of tax-adjusted () model for fourteen countries
Comtry SSZ'IK:::;O;: fga{'te] data Estimated coefficient with
' cient on J2  contemporaneous tax instrumentsb
Australia 0.050 .0 289
Be]gium (0.019) (0.153)
0.103 0.587
0.04.
Canada (0.04? (E:;i)
0.009) ©.127)
Denmark 0.104 0.765
. (0.085) (0.308)
0.085 0.388
c {0.042) {0.116)
ermany 0.095 0.784
oy {0.040) (0.296)
0.051 0.180
] (0.018) (0.120)
apan 0.029 0.086
. {0.008} {0.035)
e Netherlands 0.069 0.633
N (0.044) (0:150)
orway 0.069 0.512
- (0.031) (0.295)
pain 0.044 0.404
(0.028) (0.233)
Sweden 0.051 0.293
. (0.047) (0.169)
nited Kingdom 0.062 0.589
0.0
United States (0.01;) (2‘278)
(0.006} (0:0;2}

S . . .

$ g:erc; blia;cil;laémns in Cummins, Hassett, and Hubbard (1996} using Global Vantage dat

e table thl'i‘:ﬁ‘_umlagmgleréls,v I:]ises:t,ti: agmill;gbbar‘;{ LI996), GMM estimates. I.nst-rumentgs in:l::;:le

e and th . , and the ratios of cash flow to capi

o :e-aa::; 5; }1:1 iulmagmglzj, I-:ssett, Ea?ft’:fiKI—)Iubbard (1996), GMM estimates. ;:Zsptl:taill;'lents include
- values ol and the ratio of cash fl i i

value nontax components of 4, and contemporaneaus values of f:a(:c“;):fa:xlaletra:l tice ngged
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As table 8.1 shows, applying the Cummins-Hassett-Hubbard approach in
tax reform periods in other Organization for Economic Cooperation and
Development countries produces estimates roughly similar to those for

the United States.’®

Financial Frictions and the Neoclassical Model

In contrast to the frictionless capital markets in the standard neoclassical
model, earlier applied research on investment, especially the work of
Meyer and Kuh (1957}, stressed the significance of financial considerations
(particularly internal funds or net worth) for business investment. Since
the mid-1960s, however, most applied research on investment isolated
“eeal” firm decisions from “financing.” The intellectual justification for this
shift in approach drew on the seminal work by Modigliani and Miller
(1958), who demonstrated the irrelevance of financial structure and finan-
cial policy for real investment decisions under certain conditions. The
central Modigliani-Miller result, which facilitated the early development
of the neoclassical model, was that a firm'’s financial structure will not affect
its value in frictionless capital markets. As a result, if their assumptions are
satisfied, real firm decisions, motivated by the maximization of share-
holders’ claims, are independent of financial factors such as the availability
of internal funds.

The assumption of representative firms (in terms of trade on capital
markets) is common to most research programs in the neoclassical tradi-
tion. That is, the same empirical model (e.g., equation 8.14) applies to all
firms. Therefore, tests could not ascertain whether the observed sensi-
tivity of investment to financial variables differs across firms and whether
these differences in sensitivity explain the weak apparent relationship be-
tween the measured user cost and investment. Contemporary empirical
studies of information and incentive problems in the investment process
have moved beyond the assumption of representative firms by examining
firm-level panel data in which firms can be grouped into high-net-worth
and low-net-worth categories. For the latter category, changes in net
worth or internal funds affect investment, holding constant underlying
investment opportunities (desired investment).2° Following Fazzari, Hub-
bard, and Petersen (1988a), empirical researchers have placed firms into
groups as a priori financially constrained or financially unconstrained.

Two aspects of the findings of this research program are noteworthy in
the context of measuring incentives to invest. First, numerous empirical
studies have found that proxies for internal funds have explanatory power
for investment, holding constant Q, the user cost, or accelerator variables
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(see the review of studies in Hubbard 1996). This suggests that tax poli
erzla:r ;a};/e effects on investment by constrained firms beyond thosz prceli
arllcal Z aneoclassmal approaches. (Indeed, returning to the accelerator
descriii, erfri\anke., Gertler, and Gilchrist 1996 argue that this literature
fese $ -T nanc1a.1 accelerator)) In particular, the quantity of internal
funds avai able for investment is supported by the average tax on e
ings from existing projects. In this sense, average as well as margi lam-
rates faced by a firm affect its investment decisions.2? e
fr-S:CO?d' emplrlcal.stuclies of .ﬁna.ncing constraints generally find that the

ic .Ion. ess neoclassical model is rejected only for the groups of firms th
a priori are financially constrained (Calomiris and Hubbard 1995; G'lsh 'at
anc? Himmelberg 1995; Hubbard, Kashyap, and Whited 1995’) ;—IC -
while t.he shadow value of internal funds may not be well ca tu denfc .
some ﬁr?ns in standard representations of the neoclassical a I;oar; t}c:r
neoclassical model with convex adjustment costs yields reaspf bi: et
mated values of marginal adjustment costs for most firms e et

Measuremtlant Error and Adjustment Costs: Nearing Consensus?

To summarize, a variety of empirical implementations of the neoclassical
model with convex adjustment costs have attempted to mitigate SmSl::
lsurement error and other econometric problems in conventional ordina
east .squares and generalized method of moments (GMM) estimat rl;
equahorT 8.14 in panel data. For Q models, the methods describ des .
eraltly 3;1elj estimated values of y of .50 or higher, implying n?ar;f:;i
costs of a justment in the range of ten ce ’ iti
investment (using the estimate Ign Cummins, rll-tfsasI:::t,da‘;lilarH?i;ifIlhl(;‘;l

as a benchmark), and elasticities of i :
’ of investment with
cost of capital between —0.5 and —1.0. with respect to the user

An Alternative Interpretation: Misspecification of Adjustment Costs

Z?;u 2111;11};2:31: in rr;any recent empirical studies of investment on sources
O ismeasu :;?en of explanatory variables acting as proxies for the net
fhiurn o Im kmg accepts the conventional belief that costs of adjusting

pital stock are convex. The Q, user cost of capital, and Euler equation
app{)oaches. can all be derived from the same intertemporal maximization
E;‘-)u ltem, given common assumptions about technology, competition, and

1‘] 5 rm.ant costs. An important recent line of inquiry focuses on modelin,

ana testing the effects of irreversibility and uncertainty on firms’ i tg
ment decisions (see the excellent survey by Dixit and Pindyck 199:)‘;2811;

Y
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this literature is correct, then there may be important regions wherein tax
policy has little or no effect on investment, and knowledge of which
region an economy is in is an important prerequisite to any policy analy-
sis. Finally, these models can possibly explain a key remaining puzzle in
the literature: why firms report in surveys that they use such high hurdle
rates (Summers 1987).

Neodlassical models implicitly assume that there is an efficient second-
ary market for capital; hence irreversibility poses no problem. If a firm
purchases a machine today and the output market turns sour in the future,
the firm can recoup the purchase price of the machine at that time. But if
investment is irreversible, the firm faces the chance that it cannot sell the
machine in the future. In this setup, there is a gain to delaying investment
and allowing the random price process fo move either into a region far
enough above the neoclassical “breakeven” point that the probability of
the “bad state” becomes low enough, or into a region where it clearly
does not make sense to purchase the machine. An investment extinguishes
the value of the call option of delay, an option that has positive value
when prices are uncertain. In this approach, the value of the lost option is
a component of the opportunity cost of investment. In the terminology
of the 2 framework, the threshold criterion for investment requires that
marginal Q exceed unity by the value of maintaining the call option to
invest. As a consequence, high hurdle rates may be required by corporate
managers who are making investment decisions.

Indeed, at least part of the interest in option-based investment models
have been the problem raised in many time-series studies that indicated
that the response of investment to changes in Q or the user cost of capital
are implausibly small, implying, perhaps, that there are regions wherein Q
varies but investment does not. In addition, it is not difficult to suggest
examples of nonconvex adjustment costs, such as retooling in automobile
plants or adopting more energy-efficient kilns in cement plants. »

How Much Investment Is Irreversible?

Before turning to models with alternative adjustment cost specifications,
we present a prima facie case that pure irreversibility may not be of over-
riding importance at the aggregate level.

A large literature (Flulten and Wykoff 1979; Jorgenson 1994; Fraumeni
1995, Oliner 1996) focuses on the estimation of economic depreciation
rates for different types of machines. For the most part, researchers esti-
mate rates of decay from the patterns of used machine prices. This liter-
ature is relevant to the debate concerning the form of adjusiment costs
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U.S. equi i
equipment investment. Source: Author’s calculations based on data from the BEA.

Ee:use irreversibility results most plausibly from either the absence of
esale markets or the presence of significant “lemons” problems i L
fesae problems in resale
th;['geexan}in.e the‘ extent fo which resale markets are limited, we surveyed
fhe & E;ez;:lahon literature and cataloged types of equipment for which we
u an estimated economic depreciati i
o e an estimar preciation rate. Using disaggregated
y asset type, we then calculated th i
_ ' , e proporti f
:fsga;'egate l:nvest‘ment that is made up of assets with clear{; igenti?iZbcl,e
pmpf)::;z; et;. Flgur; 8.6 plots this proportion from 1960 to 1994. The
of investment in assets that have easily identifi :
markets is about 0.7 over mos i e ot o ol Tese e
. t of the period. This is n.
mariets of . ot to say that the
S hr:;mmg assets are necessarily irreversible, of course; depreciation
Hles may not yet have found data for those assets.
o f;n:e, 11; order .to demonstrate that irreversibility is an important
mar};{;)fz o rr:;)st x.nvesl'ment goods, researchers must show that the
or used capital goods is plagued with lemons problems. To our
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knowledge, there is no existing evidence that lemons are important in
markets for equipment goods. Indeed, Hulten and Wykoff (1981) argue
that estimated secondary market prices in depreciation studies are incon-
sistent with a major role for lemons problems. One reason for this finding
_may be that the market for used capital good is one where the partic-
ipants possess significant asset-specific expertise. The typical purchaser of
a machine tool, for example, may have worked in a factory filled with
machine tools for many years and would easily recognize a lemon. If this
is the case, there is little asymmetric information, and the resale market

functions well.

Models with More General Adjustment Costs
Abel and Eberly (1994) provide a general framework that encompasses
irreversibility, fixed costs, and a wide array of alternative adjustment cost
specifications. They show that, under certain conditions, the investment
behavior of firms can be characterized by three distinct regimes: a regime
in which gross investment is (1) positive, (2) zero, or (3) negative. The
responsiveness of investment to fundamentals differs across regimes, and
their more general model predicts a region in which gross investment will
stay zero for a range of unfavorable values of Q. Because this model nests
the more traditional g4 models, it provides a useful empirical framework,
and we review attempts to estimate this model below.
Researchers are beginning to study the impact of alternative adjustment
cost assumptions within structural investment models with panel data.
Barnett and Sakellaris (1995) use Compustat data to investigate the impli-
cation of the model of Abel and Eberly (1995) that investment alternates
between regimes of insensitivity to Q and regimes of responsiveness to
Q. The region of inactivity should be close to the region for which the
model predicts that investment is negative. Because the thresholds for
these regions are unknown, conventional asymptotic distributions do not
apply. Barnett and Sakellaris use a statistical framework that allows them
to estimate the threshold points and the coefficients on Q simultaneously
in the different regions given the threshold points. They find evidence of
a nonlinear relationship between investment and () in particular, they
estimate the largest responsiveness of investment to Q for low values of
Q and the smallest for very high values of Q. On average, they estimate
that the elasticity of investment with respect to Q is about unity but that
the aggregate elasticity varies considerably over time, depending on the
average level of Q. Barnett and Sakellaris argue that their results imply
that adjustment costs may not be quadratic, though the most likely cause
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Lsu;:i }flar:;i S.mablhty to disinvest but, rather, their reluctance to make
Barnett and Sakellaris’s results are not necessarily inconsistent with th
measurement error story. Some firms in the Compustat universe h .
values of average ( that are astronomical (one firm actually has a Qav‘;
40,000), presumably because the capital stock measure is missing im oo
tant goodwill or human capital components. If one accepts thagt le .
poor measure of fundamentals for these firms, then the result that irwessta
ment does not respond as much to Q for these firms is not surprisin Ir;
the more normal range of Q values, the investment response seemgs‘t
accor-d well with the predictions of the convex adjustment cost model ’
Using firm-level data from Compustat, Abel and Eberly (1996a) ;est'
mate that the relationship between investment and fundamental determfn
nants (Q and the tax-adjusted price of capital goods) is concave; that i:
the response of investment to fundamental determinants is posi’tive bu;
nTonotonically declining. The results of Abel and Eberly suggest that th
dl.stribution of tax-adjusted Q or the user cost of capital may be a detere
minant of aggregate investment. However, the caution that applied to Ba i
nett and Sakellaris conclusions applies here as well: large, obsfrved valuc: ;
of Q may not coincide with high levels of investment because the high Qs
vahfes reflect mismeasurement rather than extraordinary fundamentalf
Fma?lly, Caballero, Engel, and Haltiwanger (1995) explore ad'ustn;ent
costs In a more general framework. Using a subset of 7,000 Ué manu
facturing plants from the Census Bureau's Longitudinal Rc;search -D.atabas :
(LR[?), they explore whether cross-sectional patterns of investment ar:
consistent with symmetric, convex adjustment cost models or wheth
the data imply nonconvexities.2* They proceed in two steps. First, th y
assume that there are no adjustment costs and that the ]c;rgens:oniey
mode| adequately describes a firms' “desired” capital stock (K*).24 Tlru‘:n
!:hen compare in each period a firm’s beginning-of-period capital stock tz
its dejn'ed stock and call the difference (K* — K;_;) “mandated invest-
ment: Second, they explore how firms actually adjust their capital stocks
?n this step, they find that the relationship between actual and mandateci
I?Lvesfment is highly nonlinear. If mandated investment is negative, then
fxms do not quickly adjust their capital stocks downward. If man’dated
investment is small and positive, then firms also do not respond ver
much. If mandated investment is very large, firms adjust their ca it:;
stocks quickly. They conclude that an (S, 5) model, in which firms hase a
range of inaction and adjust their capital stocks to their desired levels
only when the gap between current and desired capital stock is “lar.
enough” offers a good description of the data. &
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Caballero, Engel, and Haltiwanger also illustrate how to construct
aggregate implications from their microeconomic results. Integrating over
the microeconomic distribution of plants, they calculate a predicted aggre-
gate elasticity of investment with respect to the user cost of capital. The
estimates of this elasticity vary considerably over time. If many plants are
near the region for which mandated investment is very large, then small
changes in the user cost can have large effects on aggregate investment.
If, however, the bulk of the distribution of mandated investment is in the
region of low responsiveness of investment to fundamentals, then changes
in the user cost will have little impact. They concur with the main con-
clusion of Cummins, Hassett, and Hubbard (1994) that the aggregate elas-
ticity of investment with respeét to the user cost is between —0.5 and —1,
and also conclude that tax reforms appear to have had generally large
effects on investment. They caution, however, that the reforms have had
large effects because they coincidentally occurred during periods in which
the plant-level distribution of mandated investment was aligned in such a
way to allow a large effect of changes in tax parameters. This would hap-
pen if, for example, investment tax credits were removed in booms, when
mandated investment is very large, and an increase in the user cost can
cause firms to cancel significant investment plans. As a consequence,
Caballero, Engel, and Haltiwanger argue that researchers must consult the
microdistribution of mandated investment before predicting the likely
impact of future tax reforms on business investment.?®

Alternatively, Curnmins, Hassett, and Hubbard (1994, 1996) argue that
recovering “reasonable” estimates of the response of investment to ) or
the user cost of capital is easiest when large exogenous changes in the
distribution of structural determinants occur, as during tax reforms. In re-
sponse to the alternative interpretation that firms respond to changes in
fundamentals only when these changes are large, Cummins, Hassett, and
Hubbard use firm-level data to investigate whether there was evidence
of bunching of investment around tax reforms. They estimate transition

probabilities among various ranges of /K over the year prior to, of, and -

after the tax reform and find no evidence that firms with large investment
were likely to have lower investment in prior or subsequent years. Indeed,
only a very tiny fraction of the sample was ever found to transit from
high investment to low investment states.

In part, the conclusions of these studies may differ because of differences
in the level of aggregation. At a sufficiently fine level of disaggregation, all
investment looks lumpy. The plant-level evidence suggests that invest-
ment appears lumpy, but the firm-level evidence does not corroborate
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:;tl-i::e\{er, tl;er;_' may be interesting differences between the invest
avior of plants and firms, as migh i -
;  plants , ght be the case if, for exampl
gl]al-'lagen‘al a‘ttentlc.:an is limited and only a fraction of a firm’s plants adj}:.tseé
1 eui capital in a given year. Clearly, reconciling the plant-level and firm-
evel results is an important topic for future research

Summing Up: Th i gt
Poliy g Ulp: The Partial Equilibrium Effects af Investment Tax

‘Recent studies appear to have reached a consensus that the elasticit
m\;est;nznt with respect to the user cost of capital is between ai(‘)C; };1:);
uSir.‘f; nz; necij; ‘::;e::s::u:;j‘sd Jt:js;rl: cc:nvex co:}:s ofhadjustment and studies
! fjustments agree at the long-run elasticity of
investment to the user cost is high by the standards of tﬁ 1 irj
literature. This range of estimated responses of i ?m ot e
ters is well above the consensus of only a few yel;:se Sa o ;0 NLiniprion
investment tax policy can have a significant impact ogo O
tg;:e n:.::lplfal forma.tion. lOne should be cautious,phower\:e:},l?npz::v(;i;gff;;
the I_;:lr::::::o;:lg evidence to aggregf:lte predictions. Caballero, Engel,
anc M fgﬁ emonstrate a technique for aggregating the micro-
ution of firms to calculate aggregate investment demand, but very

little continues to be known ab i
policy changes. about the general equilibrium effects of major

8.4 Arguments For and Against Investment Incentives

;f;l;s (f;re:; h.?rt; argued that tax .incentives for investment are important
termpres ; o fe. net return to investing and the short-term and long-
e e rr}: :;S:; oc1 1nvestmeflt to permanent tax incentives are large. We
ow incent-e e;per.pohcy question of whether we should have per-
manent incen elvezx o; 1m{esl'ment even if such incentives increase the
e ss fixe cap.ltal. {(We then address the question of the desir-

short-run incentives.) Economists generally argue against inter-

. stances mi h i i
Ve . l: g f one a.d V Ocate dlStOI‘tIOI'laI y

Do Investment Incentives Affect the Price of Capital Goods?

O . - *
larr:es;relnano under which investment incentives might have an especially
pact on the quantity of investment without dissipation in prices

»
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of investment goods is one in which firms' demand for capital is respon-
sive to changes in the user cost of capital and in which capital goods are
supplied perfectly elastically. While it is implausible that the supply func-
tion for most individual capital goods manufacturers is perfectly elastic,
the effective supply of capital goods to a given domestic market might
well be highly elastic in the long run if the world market for capital goods
is open. Investment incentives would raise prices of capital goods in the
short run if the supply of capital goods is highly inelastic.
Using data for the United States and ten other countries, Hassett and
Hubbard (1995) find that local investment tax credits have a negligible
effect on prices paid for capital goods—indeed, they find that the capital
goods prices for most countries are very highly correlated and that the
movements of these over time are consistent with the “law of one price.”
In addition, using disaggregated data on asset-specific investment good
prices and tax variables for the United States, they find that tax parameters
have no effect on capital goods prices.26 The conclusion that tax policy in
the United States does not affect the world price of capital goods is espe-
cially meaningful, given the relative size of the U.5. economy. Taken to-
gether, these tests suggest that the effects of investment tax policy have
not been muted in a significant way by upward-sloping supply schedules

for capital goods.
Is the Capital Stock Too Small?

While it is instructive to ask how effective investment incentives are at
increasing the fixed capital stock, a more important question remains:
What is the social value of the increase in the fixed capital stock?

Theoretical research has demonstrated that perfectly competitive econ-
omies do not necessarily converge to the “correct” capital stock. Indeed,
Diamond (1965) demonstrated that a competitive economy can reath a
steady state in which there is “too much” capital, in the sense that the
economy is investing more than it is earning in profit. In this case, indi-
viduals can be made better off if they are forced to consume a portion of
the capital stock. When evaluating investment incentives, it is crucial for
policy analysis to evaluate whether the economy is operating with “too
much” or “too little” capital.

The classic “golden rule” literature offers benchmarks for guidance*” In
the golden rule approach of Phelps (1961), the golden rule level of the
capital stock relative to output is achieved when the marginal product of

capital (R), net of depreciation (&), equals the sum of the rate of growth of
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the labor fo
th rce (#) and the rate of labor-augmenting technical change (g),

R=8+n+g
(8.15)

A . . .
niex}:\af’zl:ely, in tl:}f: opl—l;lmal growth literature, Ramsey’s (1928) golden
require that the marginal product of capi
fule \ ' capital net of depreciatio
n?;a it};.ia sux? lof iihle soc.1al rate of time preference {p) and the elgsticity or;
ginal social utility with respect to per capita consumption (¢} or,28

R=0+p+dg.
(8.16)

Depending on the values of p a

capital can be less than the Phglpsrl goil:: iuII{:Il?;?l(s golden nle fevels of
werISlsou‘i;v;zi téebionvention in neoclassical models of the capital stock
e mc; —Dc.augias technology, so that the ratio of the steady—’
e e capital stock (K*) to output {Y) equals the ratio of
el ;II;I g_lllzpll:; ic;t)otfo &;e. marginal product of capital (R). More-
(n -+ g) times the capital outpultliatlirc‘f:te:ce: () relative o output equal

E o

Y R (8.17)
and

Ir* K*

y=+g) =

Y Y (8.18)

o .
¢ :1; (:;n account for different types of capital by noting that, in equilib-
rur ) be;- .ne{' rz-ites of return on the alternative types are equal. Hence one
e stlil1 es ITte 11‘:tc1){ equation 8.17 measure of & for each type of capital k
relevant R (given differences in depreciati
k
golden rule levels of the capital stocks precition) and solve for the
Usi .

. uasi;ing a range of parameter values in the golden rule expressions in
gzlde I?r:ﬂ :.;Zdandtu&lll& C}ohen, Hassett, and Kennedy (1995) compare
actual levels of the capital stock or net i
. : investment -
El{:;ltosozutpl;lt t}(: their actual values over the period from 1980 to Igeéz

e 8.2, which we excerpt from several tables i .
th al tables in that study, indicat
o szior ber;ci\mark Parameter values, equipment investment and capit:si
stocs alre elow their golden rule levels (assuming 1980—1994 is suffi-
clr ﬂire ongdtotca}}aracterize a steady state), while residential investment

residential capital stocks, which received signifi
. Tes ' 3 significant tax subsidi
ver this time period, are near or above their golden rule levels Coh:ls

-
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8.2 y
g:t‘:(l:;mark golden rule and actual levels of I™Y and K/Y

Golden rule level

Actual level
(1980--1994 average}

Type of capital Phelps Ramsey
Net investment as a percentage of GE;I; oo . ™
Total fixed 8.3% X
Business fixed 48 36 i:
Producers’ durable 2.4 20
equipment g .
Nonresidential 20
structures \ L e
Residential 2.7
Ratio of capital stock to GDP g 1-9
Total fixed 33 1.4 -
Business fixed 1.9 o.s iy
Producers’ durable 1.0 .
equipment o o
Nonresidential 0.8 .
structures o o
Residential 1.1

2).

. #, and Kennedy (1995, Table o e of labor
Mot C‘:}:"" I:ass:rameter values are: labor force growth rate—0.0I', 1rai :tertem['mral
o B;; ll:::acrhnigal change = 0.15; social discount rate==0.12; and social

augmenting ] ‘

elasticity of substitution (@) = 3.

O, = o o ; = 0.06; CRresidential = 0.06.
0.30 0.24 . = (.18 «
‘otal fixed \SU; O Business fixed .4} XEquipment Sl:ruchuels

onclusions are not changed if

Hassett, and Kennedy also show that these c brond range of plausible

the key parameters are allowed to vary across a
values.

Alternatively, se
of the U.S. capital stock by relat

veral authors have attempted to evaluate the optunal;t]{f
ing various interest rates to the rate 0d
ic orowth. One the one hand, Tobin {1965), Solc?w (19703:;&:11_1:l :
;C?Es(:reriln (f977) argue that the marginal productivity of caplt;l or;; 0 s
f:om accounting profits estimates is abou? 2[0 percen;; anfhz rismde3;bb0t-
lude that the economy is dynamically efficient. On the ctn E 1,926 -
. (1987) calculates a mean return on U.S. TreaStju';y bills ;om o
?‘;;6 of only 0.3 percent, suggesting dynax?'tic inefficiency. T et;r;sxi; i
the question using interest rates depends critically on assessing

i se. '
o KZIZI c:efc chm(r1989) pursue an alternative strategy for evaluating twh;:;?:‘:
the U.S capi-tal stock is greater or less than the optimal level. Ina stoc

Tax Policy and Investment

369

setting with a very general production technology, they demonstrate that
an economy is dynamically inefficient if it invests more than the retumns
from capital. They show that the economy is dynamically efficient—and
hence in the range in which stimulative tax policy might have positive
social returns—if the returns from capital exceed investment. Using their
terminology, the key questions is whether the capital stock is, on balance,
a “sink” or a “spout.” This observation is a useful contribution because it
allows one to bage judgment about dynamic efficiency on readily observ-
able cash flows. Abel et al. conclude that the economy is dynamically effi-
cient. Thus, both capital stock data and cash flow data suggest that, by

raising the stock of equipment capital, investment incentives have positive
social returns.2?

Should We Use Temporary Investment Incentives?

The discussion thus far pertains to permanent changes in investment in-
centives. Even a casual observation of the history of investment incen-
tives since the 1950s suggests the usefulness of considering temporary
investment incentives. Since 1962, the mean duration of a typical state in
which an ITC is in effect has been about three and one-half years, and the
mean duration of the “no-ITC” state has been about the same length. In
1992, President Bush advocated a modified ITC, known as the Invest-
ment Tax Allowance, and President Clinton proposed an incremental
ITC in early 1993; neither of these measures was enacted. What is the
likely impact on aggregate capital accumulation of temporary investment
incentives?

Temporary investment incentives can have even larger short-run im-
Pacts on investment than permanent investment incentives (Auerbach
1989). Consider a temporary ITC known to last for one period. The
expressions for the user cost of capital in equation 8.5 indicates that
the ITC lowers the current user cost through both its effect on I;; and
the consequences of its removal on T’ it+1. More generally, anticipated
future changes in tax policy affect the current value of the user cost and
investment.

The large potential effects of temporary tax incentives on investment
do not imply that they are desirable tax policy—even if one believes
that long-run investment incentives are sound tax policy. In the pres-
ence of uncertainty and adjustment costs, there is little reason to believe
that policymakers can time investment incentives for the purposes of sta-
bilization policy. Moreover, the use of temporary incentives increases

™,
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ancertainty in business capital budgeting, making it more difficult for

firms to forecast the path of the user cost of capital.
Does Uncertainty About Tax Policy Affect Investment?

What if firms do not know the exact timing of changes in investment
incentives—that is, if tax policy is uncertain? A substantial literature
evaluates the effects of price uncertainty on investment, and the lesson
from this literature is that the sign of the effect of uncertainty on invest-
ment depends crucially on assumptions about adjustment costs and returns
to scale. Hartman (1972) shows: that uncertainty generally increases in-
vestment in a model with constant returns and convex adjustment costs.
Abel (1983) derives a similar result in continuous time. Pindyck (1988),
however, shows that uncertainty can significantly lower capital formation
f investment is irreversible and returns to scale are decreasing. We de-
scribed Pindyck’s intuition earlier: in an uncertain world, there is a gain to
delaying investmenf—the option value of waiting—and these gains are
higher the higher is the variance in the output price.

Thus, one might be tempted to conclude from the early contributions
to this literature that the predicted effect of tax policy uncertainty will
depend on what we believe about the reversibility—or lack thereof—of
capital investments. However, strictly speaking, tax policy uncertainty
can increase investment in the models of Hartman, Abel, and even Pin-
dyck (see Hassett and Metcalf 1994, 1995).

This difference arises because tax policy uncertainty is unlike price un-

certainty in an important way. Researchers often introduced uncertainty

by assuming that the price follows a contimious-time random walk
(Brownian motion or geometric Brownian motion). When prices follow a
random walk, the appropriate rational expectations forecast for the price
at any time in the future is today’s price, and the future path of the price is
unbounded. Unlike most prices, tax parameters tend to remain constant
for a few years and then jump to new values. In addition, jumps in the
ITC tend to be mean reverting: when the credit is high, it is likely to be
reduced in the future, and when the credit is low, it is likely to be in-
creased in the future. Because of these properties, the normal gain to
waiting in a model with irreversibility is reduced significantly when an
investment tax credit is “on”. Because the firm fears that the credit might

be eliminated, it is more likely to invest today while the credit is still

effective. Hassett and Metcalf demonstrate that this effect dominates the

reverse effect in the state in which there is no investment tax credit, and
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they conclude that in i
creasing i i i
ey conc g tax policy uncertainty raises aggregate
As with i
s ;es ;};et f:asel of temporary investment incentives generally, this
result docs imply that r.andom tax policy is desirable. Most exi’stin
studie utﬂit;izceo ;w:st;nenthm a partial equilibrium setting wherein theri
s to bunching capital formati
are; | on. In a general equilibri
o ::fd(li;zer and Judd (1989) show that welfare is reduced SI;ImlﬁIc::;lm
investment tax policy. The randomness has a negative impac?ii:

because consum i

ers wish to smooth cons i
- : umpt i i
investment credits make smoothing costly prion and fuctuations in

8.5 Policy Implications

Our findi N
cozi ﬁfndmg of significant short-term and long-term effects of th
o . .
e ;:]fl:a! on equll?ment investment suggests applications to cir;lse:
v ates. In particular, we evaluate consequences for the user cznt
5

and investm ion in i
and fnves ent of a reduction in inflation and a switch from an i
0 a broad-based consumption tax. e

Low Inflation as a “’Costless” Investment Subsidy

M .
M an:def}c:ntomlsts (se? e.g., Feldstein 1976; King and Fullerton 1984) h.
ing:ﬁon a u-I‘lider fairly 'general assumptions, a reduction in the rateavef!
inflaio prc:iw les a relatively costless stimulus to business fixed in C;
e the}; Sr:r uc1r;gt;he user cost of capital. Returning to the expre:sjcs::r;
cost, there are two channels th i
) . t rough which infla-
ul::, afEe:ts m.vestment decisions. First, for given values c(:;{ Ee;::idc; nfll?
caus::; varies positively with the level of expected inflation 11:’ b g
caus the pres.ent value of depreciation allowances—which is form eci
inﬂaﬁon eonc.)mmal ra.te, ’?+ 7, as a discount rate—varies inversely Wiet:h
infator wtmgf tfzn historical-cost depreciation.? Second, inflation affect
eal cost o ds, r. In this sectio i ' ond
o . n, we briefly illustrate thi
- va\:;e;i] f(lfcﬁlowmg A}?erbach 1983b) and calculate the extent I;Sj:}?j‘;ﬁ
ation over the ion |
! past decade led to a reduction in the user cost of
In . .
o ; z:ne%ltlalopen economy, the real cost of debt would be determined in
o mp1k l-markets and would be exogenously given to firms. If th
apita ffar et were closed, the marginal tax rate of the holder c.>f d b(:
affect the interest rates that firms pay. That is, local debt h lde
} olders
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require a fixed real after-tax return, 7, where

r=i(l—1,) =, (8.19)
where i is the nominal interest rate on corporate debt, 7 is the marginal
personal tax rate on interest income, and 7 is the expected rate of infla-
tion. The inflation premium component of interest income is taxable to
bondholders. The firm’s real cost of debt, p, depends on its own marginal

income tax rate, 7.,

py=i(l1—1)—m, (8.20)

because under current U.S. tax law, nominal interest payments on corpo-
rate debt are fully deductible. Combining the two previous expressions
relates the firm’s, real cost of debt to the investor’s required return and

marginal tax rate:

a (1—1)
pa={(r+m) =%, -z {8.21)
Alternatively,

r{l-1)+ (5 — T
R (8:22)

The firm's real cost of equity finance, p,., is defined as
p,=D+E-nm, (8.23)

where D is the dividend-price ratio and E is investor’s required ex-
dividend nominal return to equity.

Note that for a given r, inflation has very little effect on the cost of debt
finance if—as is likely the case in the United States—1. is approximately
equal to . In this case, lower inflation reduces the nominal interest deduc-
tion but lowers the tax liability of bondholder by the same amount. Note
also that the effects of inflation on the cost of debt finance depend cru-
cially on the assumption that the marginal debt holder is taxable. If the
marginal debt holder is a pension fund {(whose income is not taxed under
current law), then lower inflation unambiguously increases the cost of debt
finance. Firms receive smaller interest deductions, and pension funds do
not accrue an offsetting reduction in tax liability **

Individuals receive the after-tax real return,

p={1—w)D+(1-)E—m, (8.24)
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whe?'e 1:i %s the individual's marginal tax rate on dividend income and ¢is
the individual's accrual equivalent tax rate on capital gains. Combinin
terms, the firm’s real cost of equity finance is ®

_m-9 P c
Pe (1—:)D+(1—c)+(1—c)”' (8.25)

Higher inflation unambiguously increases the cost of equity finance b
the factor ¢/(1 — c). This term captures the “inflation tax” paid by sharg
holders who receive purely nominal gains; taxation of real capital aj ‘
would eliminate this effect.?2 P e

The total real cost of investment funds is simply the weighted aver
of the cost of equity and the cost of debt, where the weights are the sh;:gi
of each in marginal finance. Using this approach, one can examine th
effect on investment of recent declines in expected inflation Coherf
Hassett, and Hubbard (1996) calculate the marginal effects on the .user cos;
of lowering inflation.?* They estimate that under plausible assumptions
the current value of the user cost for equipment investment is abouI: 0 22.'
and they conclude that a one-percentage-point permanent decrease in‘ in:
flation lowers the user cost by about one-half a percentage point. In their
calculations, the incremental effect of each additional percenta.ge oint
reduction in inflation is approximately the same. Thus, if the annual inﬂ[;tion
rate were reduced from 4 percent to zero, the user cost of capital would
decline about two percentage points—proportionally by about 10 per-
cent. Given the elasticity estimates reviewed in the previous section, this
“tax cut” would provide a significant stimulus to investment. ‘

Moving to a Consumption Tax

Under the income tax, the user cost of capital is influenced by the corpo-
rate tax rate, investment tax credits, and the present value of deprecia-
t-ion allowances (see equation 8.6). Under a broad-based consumption tax
firms pay tax on the difference between receipts and purchases fron‘;
other firms. That is, there is no investment tax credit, and investment is
expensed (z = 1). In this case (assuming that the corporate tax rate does
not change over time), the user cost of capital simplifies to

APHIJ
pe i

Cip = |:T,'t + 8 —~ (8 6’)

Comparing the user cost expressions in equations 8.6 and 8.6’ leads to

two observations. First, under a consumption tax, taxes do not distort
W
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tment decisions; investment decisions are based on nontax

business inves
the user cost is lower

fundamentals. Second, given current U.S. tax policy.
under a consumption tax than under an income tax.

By how much? Under current law, and assuming that the output price
and the capital goods price are both equal to unity, then for assets with
seven-year lives (assuming that the expected real inferest rate is 4 percent,
the expected inflation rate is 3 percent, and the marginal machine is
financed half with equity and half with debt), the value of (1 —)/(1—1)
under 1996 U.S. tax law is 1.148, and the user cost of capital is equal to
0.234. The move to the consumption tax would lower the value of the
user cost to 0.205, a reduction that would lead, ceteris paribus, to about a
10 percent increase in equipment investment given the consensus esti-
mates of ¥ in equation 8.14.

Of course, other aggregate variables are also likely to change if such a
large change to the tax code were adopted. For example, nominal interest
rates and the supply of savings are likely to change. While it is difficult
to say how large the net stimulus to investment would be, the consensus
of the recent investment literature suggests that the partial equilibrium

impact on investment may be quite large.

8.6 Conclusions

Economists and policymakers have long been concerned about the effects
of business taxation and investment incentives on the equilibrium capital
stock and the timing of investment. Such concerns figure prominently
in research programs (1) identifying impacts of tax parameters on funda-
mental determinants of investment, (2) describing links between funda-
mentals and the capital stock or investment, and (3) testing models of
those links. Studies within the neoclassical tradition offer rigorous appli-
cations of the first two, but until recently have not produced reasonable
empirical estimates of effects of fundamentals on investment. Indeed, the
poor empirical performance of neoclassical factors led some researchers to
conclude that “taxes don’t matter” and still others to question assump-
tions of the neoclassical paradigm.

Our principal conclusions are four. First, neoclassical models that use
convex costs of adjusting the capital stock to derive investment equations

yield economically important chort-run and long-run effects of tax policy

on investment. This result reflects recent research that, through a number
of complementary approaches, demonstrates that measurement error in
fundamentals biases downward conventional estimates of tax effects. Sec-
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Io}zi Zt least fdc.ur data on firm-level investment, predictions of models with
bdwenvzcm a;l justrnent cost.s are no more consistent with observed links
adjust;r; fun a?er{f;!sdand investment than those of models with convex
osts. Third, recent studies conclude that U.S. busi i
: : .S. business invest-
;(;TC;SO??LOW its golde? rule level. Finally, consensus estimates o; i;te
e user cost of capital on investment indi

P . . nt indicate that two curr
gzctce}é s.uﬁg::'shonsd—pursumg a monetary policy that would reduce :it
intlation and switching from an income ¢ !

- - ax t .
__H.lould significantly stimulate investment. ¢ consumplion fax
estsethcuzrer?t sfa'te of research on business investment decisions sug-
fn ot r-_-f esxr:lblhfty C(I)f developing tests to distinguish among aItematige
s of costs of adjusting the capital stock. Diff
els o . . . t adjustment

specifications imply different time responss ¢ ol

aths of the re i
stock to tax policy, makin ’ makons, N

: g such tests useful for poli

less, most recent studies i et of e rre

, es imply a high long-run elastici i
t : asticity of the capital
stock to the user cost of capital, so that tax policy clearly has the potegiizl

to have a powerful effect . )
in the long run ct on equipment investment and the capital stock
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18. Cummins, Hassett, and Hubbard (1994, 1995) also use this approach in a user cost
model. For U.S. data, they estimate a user cost coefficient of about —0.65.
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demands vary with the return to capital, then the union rent share is—in part at least—a tax
on capital, distorting the level of investment when it is introduced. Fallick and Hassett (1995)
explore whether a change in the union status of the firm is another type of large, identifiable
shock that affects purchases of capital. Using firm-level panel data, they document a large
negative response of investment to union certification elections. For most of the firms that
expetience union certification elections in their sample, net investment turns significantly
negative in the year immediately following the election, with the mean response to union
certification being roughly the same size as that which would occur—given the responsive-
ness of investment to the user cost in Curmimins, Hassett, and Hubbard {1994)—if the corpo-
rate tax rate were increased by 35 percentage points. This set of firms, at least is not

burdened by an ability to adjust their capital stock downward when a negative shock to
profitability occurs.

20. For reviews of the theoretical literature, see Bernanke, Gertler, and Gilchrist {1996} and
Hubbard (1990, 1996).

21. Fazzari, Hubbard, and Petersen {1988b) and Gertler and Hubbard (1988) illustrate this
point in examining the effect of the investment tax credit on investment, Calomiris and
Hubbard (1995} focus on a tax experiment in which retained earnings are taxed more heavily
than distributed profits. In frictionless capital markets, firms would take advantage of the in-
centive to change their payout policies. Working against this response for some firms is the
potential difference in the cost of internal and external funds. To the extent that the marginal
cost of external funds is high, a growing firm with profitable investment opportunities might
choose to pay the undistributed profits tax and invest its internal funds rather than distribute
funds and then reacquire them in the capital market. The U.S. undistributed profits tax of
1936—1937, which imposed a graduated surtax on corporate retention, offers a useful experi-
ment. Because the maximum marginal tax rate on corporate retention was 27 percent, most
firms had large incentives to alter their payout policies. Using firm-level panel data from the
1930s, Calomiris and Hubbard find that a neoclassical investment model with no explicit
capital market frictions is rejected only for firms with high ex ante surtax margins.

!

22. The seeds of this literature are much older. For example, Rothschild (1971) writes:
“Convex cost-of-adjustment functions may help to explain why Rome was not built in a day.
However, there is no clear saving and may be some loss to spreading the work of installing a

button on a shirt over several weeks.” His “bang-bang” madel of investment provides an
early example of a “lumpy investment” model.

23. In earlier work, Doms and Dunne (1994) report that plant-level investment data exhibit
skewness and kurtosis that is consistent with investment’s being somewhat lumpy.

24. To calculate the desired capital stock for each firm, Caballero, Engel, and Haltiwanger
use plant-level output data and two-digit Jorgensonian user costs constructed from the kax
data used in Cummins, Hassett, and Hubbard (1994) and Goolsbee (1996).

25. Because their mandated investment measure is the same as that in a frictionless neo-
classical model, their tests, although suggestive, neither confirm nor reject the presence of
convex adjustment costs. First, mandated investment itself depends on adjustment costs.

Second, if adjustment costs were present, mandated investment also depends on future
values of tax parameters,
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96) finds evidence that U.S. tax shocks are pos-

itively correlated with capital price movements. He argues that the elasticity of investment
demand with respect to the user cost is likely greater than unity {in absolute value), but that
an upward-sloping short-run supply curve for capital goods likely dampens mildly the effects

of tax policy.

26. Using a different approach, Goolsbee (19

27. Another argument for subsidies to equipment investment has been advanced by
Jadd (1993), who concludes that the optimal tax on equipment investment is negative. He
argues that to the extent that capital-goods-producing industries are imperfecily competi-
tive {owing, say, to the presence of patents), equipment prices contain significant markups.
Hence to return firm's input mix to the optimal level, the government should design an
investment subsidy that equates the price paid for equipment to its marginal cost.

28. See, eg, the analysis in Blanchard and Fischer (1989).
29. Because the gelden rule models are developed for a closed economy, it is difficult to
extend the comparison to domestic versus foreign fixed capital.

30. That is, the present value of depreciation allowances is given by:

a0
3 (1 + ris + 1) nDEPs (s — 9,
5=t
where DEP(a) is the depreciation allowance permitted an asset of age a, discounted at a nom-
inal rate that includes the expected inflation rate 7.
hmrginal tax rates on domestic real

31. There is no clear consensus regarding the effects of
~ implicit in equation 8.21

interest rates or on the question of whether the 'Fisher effect
holds. This is an important area for future research in this context.

332, For the calculations described below, we do not include the first term reflecting the tax
on dividends. In effect, we adopt the "tax capitalization” view of equity faxation (sum-
marized in Auerbach 1983b), which suggests that the relevant tax rate is the effective capital
gains tax rate, regardless of the amount of dividends paid. This view assumes that marginal
equity funds come primarily from retained earnings rather than from new share issues and
that earnings distributions to shareholders are primarily through dividends rather than share

repurchases.

33, Earlier empirical studies of the effect of inflation on real business tax burdens, include
Feldstein and Summers (1979) and Auerbach (1983b). Cohen, Hassett, and Hubbard {1996}
also allow for inflation to increase taxes paid because of the effects of inflation on the cost of

carrying inventories. '
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