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1. Introduction

ANALYSIS OF THE investment deci-
sions of firms occupies a prominent
place in research programs in macro-
economics, public economics, industrial
organization, and corporate finance.
These research programs have been
driven both by theoretical concerns (e.g.,
debates over which model offers the best
explanation of investment behavior) and
policy questions (e.g., how changes in
monetary policy or tax policy affect in-
vestment).

Over the past decade, a number of
researchers have extended conventional
models of business fixed investment to
incorporate a role for “financing con-
straints” in determining investment.
This research program has proceeded in
two steps. In the first, many models of
asymmetric information and incentive

roblems in capital markets have im-
plied that information costs and the in-
ternal resources of a firm influence the
shadow cost of external funds for fixed

investment, holding constant underlying
investment opportunities. In the sec-
ond, empirical studies have focused
on ways to isolate effects of informa-
tion costs and internal resources on
investment, independent of changes
in investment opportunities. The princi-
pal findings of these studies are that:
(1) all else being equal, investment is
significantly correlated with proxies
for changes in net worth or internal
funds; and (2) that correlation is most
important for firms likely to face infor-
mation related capital-market imperfec-
tions.

This review concentrates on develop-
ments and challenges in the empirical
research, and uses advances in models
of information and incentive problems
to motivate those developments and
challenges. The paper is organized as
follows. Section 2 describes the analyti-
cal underpinnings of contemporary
models of capital-market imperfections
in the investment process, and illus-
trates the principal testable implica-
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tions of those models. I motivate tests
and describe empirical studies in Sec-
tion 3, which describes approaches used
in historical case studies and studies us-
ing firm-level panel data. Problems
raised by existing empirical studies
are examined in Section 4. Section 5
considers applications of the underlying
models to a range of investment ac-
tivities, including inventory investment,
R&D, employment demand, pricing
by imperfectly competitive firms, busi-
ness formation and survival, and corpo-
rate risk management. Implications of
the models for analyses of monetary and
fiscal policy on investment are de-
scribed in Section 6. Section 7 con-
cludes and offers questions for future
research.

2. Analytzul/ Underpinnings of
“Empirical Tests”

2A. Information and Incentive
Problems in Capital Markets

Interest by contemporary researchers
in links between “internal funds” and
investment decisions reflects two main
concerns, one “macro” and one “micro.”
The “macro” concern is that cyclical
movements in investinent appear too
large to be explained by market indica-
tors of expected future profitability or
the user cost of capital. This has led
some macroeconomists to identify fi-
nancial factors in propagating relatively
small shocks, factors that correspond to
“accelerator” models that explain in-
vestment data relatively well. Indeed,
the term “financial accelerator™ has
been used to refer to the magnification
of initial shocks by financial market
imperfections (see. ec.g., Bernanke,
Gertler, and Gilchrist 1996.) This cur-
rent fashion actually has a long history
among macroeconomists, with contribu-
tions by Irving Fisher (1933), John Gur-
ley and Edward Shaw (1955, 1960), and

»
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Albert Wojnilower (1980). Some econo-
metric forecasting models have also
focused on financial factors in propaga-
tion mechanisms (see, e.g., the descrip-
tion for the DRI model in Otto Eck-
stein and Allen Sinai 1986).

The “micro” concern relates to conse-
quences of informational imperfections
in insurance and credit markets. In this
line of inquiry, problems of asymmetric
information betwcen borrowers and
lenders lead to a gap between the cost
of external financing and internal fi-
nancing. This notion of costly external
financing stands in contrast to the more
complete-markets approach underlying
conventional models of investment em-
phasizing expected future profitability
and the user cost of capital as key deter-
minants of investment.

While a review of the theoretical
literature is beyond the scope of this
paper, I want to point out common
themes. Existing models have focused
on costs of adverse selection and moral
hazard in generating frictions in capital
markets. With imperfect information
about the quality or riskiness of the
borrowers’ investment projects, adverse
selection leads to a gap between the
cost of external financing in an unin-
formed capital market (which contains
a “lemons” premium) and internally
generated funds.! In the presence of in-
centive problems and costly monitoring
of managerial actions, external suppliers
of funds to firms require a higher re-
turn to compensate them for these
monitoring costs and the potential
moral hazard associated with managers’
control over the allocation of invest-

P Potential effects of adverse selection on mar-
ket allocation have been addressed in important
papers by George Akerlof (1970) and Michael
Rothschild and Joseph Stiglitz (1976), and have
been applied to loan markets by Dwight Jaffec and
Thomas Russell {1976) and Stlﬂh’ﬂ and Andrew
Weiss (1981} and to equity marl\ets by Stewart
Myers and Nicholas Maﬂuf(lSSéﬁ
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ment funds.2 To the extent that a firm’s
managers supply the funds for invest-
ment projects, the shadow cost of funds
for investment projects nced not carry
such a premium reflecting moral haz-

ard.

2B. Ilustrating the Link between
Net Worth and Capital

One can use a simple graphical analy-
sis to illustrate the link between inter-
nal funds and capital investment in
models of informational imperfections.?
Figure 1 portrays the demand for capi-
tal by a firm and supply of funds to the
firm. The quantity of capital is on the
horizontal axis and the cost of capital is
on the vertical axis. The demand curve,
D, slopes down; an increase in the cost
of funds reduces the firm’s desired
capital stock.

The supply curve, S. is generally de-
picted in the ncoclassical investment
model as a horizontal segment at r, the
market real rate of interest (adjusted
for risk).# In this case, the first-best
capital stock, K*, is determined by the
intersection of the D curve and the S
curve at the interest rate r. This implies
that, at the capital stock K°, the ex-
pected marginal profitability of capital
equals the interest rate.

The location of the D curve is deter-
mined by the firm’s investinent oppor-

2 Research on principal-agent problems in cor-
porate finance has fol‘lowea the contribution of
Michacl Jensen and James Meckling (1976). Ber-
nanke, Gertler, and Gilchrist (1996) review related
models of informational imperfections in capital
markets.

3 While the illustration follows Gertler and Hub-
bard (1988), its implications arc consistent with
the approaches of a number of models. For sim-
plicity, I iﬁnore def)reciatiou taxes, and costs of
adjusting the capital stock, which I discuss in Sec-
tion 3C.

4 For ease of exposition, I am making a number
of simplifying assumptions: Investment is fully re-
versible and the rate of depreciation and the ex-
pected rate of change in the price of capital goods
equal zero. I reconsider these assumptions later.

tunities (that is, expected future profit-
ability of capital). The location of the §
curve is determined by the cost of capi-
tal (the market interest rate in the ex-
ample). All else being equal, an im-
provement in investment opportunities
shifts the D curve to the right, increas-
ing the desired capital stock; a decline
in investment opportunities shifts the D
curve to the left, decreasing the desired
capital stock. An increase in the market
interest rate reduces the desired capital
stock, all else being equal, while a de-
cline in the market interest rate in-
creases the desired capital stock. This
basic story allows no role for the firm’s
internal funds per se to affect its invest-
ment decision. The firm perceives the
opportunity cost of internal funds to be
the market interest rate, and it can bor-
row and lend at that interest rate in the
capital market.

This familiar example assumes that
decision makers in the firm and exter-
nal suppliers of funds have the same in-
formation about the firm’s choice and
use of inputs, investment opportunities,
riskiness of projects, and output or
profits. These assumptions are very
strong ones. In practice, firm decision
makers have significantly better infor-
mation than outside investors about
most aspects of the firm’s investment
and production. Informational asymme-
tries can lead to adverse selection,
moral hazard, or both. In what follows,
I illustrate effects of informational
asymmetries on investment in a moral
hazard setting. Other costs of moral
hazard or adverse selection arising from
private information about project risk
or quality have broadly similar conse-
quences for the cost of funds and in-
vestment.

Suppose an entrepreneur with net
worth Wy can undertake a project to
produce output one period hence. The
required inputs are capital, K—e.g.,

»
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plant and equipment—and other inputs
which improve the productivity of capi-
tal (such as organizational and mainte-

nance expenditures—-=soft capital™). If

the project is undertaken, it produces
positivp expecfed output. Expoctod out-
put from an investment of capital in-
creases with the use of soft capital, up
to a point defined by a level propor-
tional to the quantity of capital used.
Actual output can be groatm than or
less than e\pected output (a “good” out-
come and a “bad” outcomo). Because
the entrepreneur invests her resources,
Wo, in the project, payments to external
investors in any state of world cannot be
greater than the project’s output in that
state.

The entreprencur has the choice of

investing Wy at the interest rate, r. A
risk-neutral entreprencur will go ahead
with investment projects only if output
less payvments to external investors ex-

Z
e
-~

Capital Stock

[uformational Tmperfections and Underinvestment

ceceds (1 + r) Wy, If external investors
are risk-neutral and competitive, their
equilibrium required rate of return on
funds supplicd to entrepreneurs must
be r.

At this point, consider a simple
agency problem: Suppose that princi-
pals (holders of claims on the firm) can-
not monitor perfectly the allocation of
tunds by the agent (the firnn insider in
the oxcunplo In this case, the financial
contract between the principals and the
agent will have to align incentives as
W oll as arrange repavment. To fix ideas.
suppose that (‘xpondltures on capital are
observable by outside lenders, while ex-
penditures on “soft capital” are not.> In
this casc, the entreprencur may be

5 A related problem often considered in the lit-
crature arises  from  costly state  verification
{Robert Townsend 1979). In this case, an entre-
prencur observes output costlessly. while an exter-
nal investor must pay a cost to observe output.

»———_—
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tempted to divert soft capital funds to
personal gain.® Such perquisite con-
sumption can take a number of forms;
for simplicity, suppose that the entre-
preneur can invest the funds to yield r.

External investors understand this
temptation and modify the financial con-
tract to mitigate incentives to cheat. One
consequence of this modification is that
desired capital, K°, may exceed actual
capital, Ko, and this gap will depend in-
versely on the entreprencur’s net worth.
Formally, the contract between the en-
treprencur and suppliers of funds in-
cludes an incentive constraint that the
entreprcneur’s gain from honest action
exceeds the gain from diverting the soft
capital funds to personal use.

When the incentive constraint binds,
actual investment, K, increases with in-
creases in net worth, W, holding con-
stant investment opportunities. This is
because an increase in net worth re-
duces the entrepreneur’s incentive to
misallocate funds. Once investment
reaches K*, further increases in net
worth have no effect on the investment
decision, and the frictionless neoclassi-
cal result obtains.”

Returning to the simple graphical
analysis, we now allow the S curve to
have two components. The first is a
horizontal segment at r, up to a level of
funds, W, the entrepreneur’s net worth.
In this range, no agency costs arise, and
lenders’” required rate of return equals
the market real interest rate.

When the risk of opportunistic behav-
ior is present, uncollateralized lending
requires that lenders be compensated
for information costs. Hence for levels

6In a two-state example, the observation that
the project yield the “bad” level of output would
not permit an external investor to distinguish be-
tween bad luck or the diversion of funds intended
for soft capital.

" Again, other models emphasizing screening
and monitoring costs or costs of state verification
yield a similar prediction.

of net worth greater than net worth W,
the S schedule is upward-sloping. That
is, the shadow cost to the entreprencur
of uncollateralized external financing
exceeds that of internal financing. The
slope of the S curve reflects the infor-
mation costs in uncollateralized financ-
ing. The higher are the marginal infor-
mation costs, the steeper is the
upward-sloping portion of the § curve.
In the presence of information costs,
the ecquilibrium capital stock for the
tirm is determined by the iutersection
of the D and § curves at Ko. This capital
stock is less than the first-best desired
capital stock in a frictionless setting, K’;
that is, there is underinvestment rela-
tive to the setting with no information
costs.

Figure 1 describes these links among
net worth, the cost of external financ-
ing, and investment. Again, the first-
best desired capital stock is K*. Given
information costs, and net worth Wy,
the equilibrium capital stock is K.
Holding information costs constant,
when net worth increases from Wy to
Wi, the supply-of-funds curve shifts
from S(Wo) to S{W;). If we hold invest-
ment opportunities constant. the de-
mand curve remains at D. The increase
in net worth, holding constant both in-
formation costs and investment oppor-
tunities, increases the capital stock
from Ky to K;. Note that for a firm fac-
ing no information costs or with suffi-
cient net worth (or internal funds) to
finance its desired capital stock, the
equilibrium capital stock remains at K".
That is, for firms facing negligible infor-
mation costs, an increase in net worth
independent of changes in investment
opportunities has no effect on invest-
ment. For firms facing high information
costs, an increase in net worth leads to
greater investment, all else being equal,
while a decrease in net worth leads to
lower investment.

——-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



198 Journal of Economic Literature, Vol. XXXVI (March 1998)

Much of the empirical research in
this literature reflects the intuition of
Figure 1 and the formal conclusions of
models of financial frictions in business
investment decisions: (1) uncollateral-
ized external financing is more costly
than internal {inancing; and (2) holding
constant investment opportunities, a
reduction in net worth reduces in-
vestment for firms facing information
costs.

The framework also addresscs how an
“accelerator” mechanism may work in
aggregate investment. During a boom,
investment opportunities rise and the D
curve in Figure 1 shifts to the right,
raising the desired capital stock in the
frictionless neoclassical model. Here,
an additional channel is at work. During
a boom, when borrower net worth is
high (either duc to past accumulation of
assets or to optimism about the future),
the S curve shifts out to the right; the
cost of financing is relatively low, re-
ducing the cost of cxternal financing
and stimulating the demand for capital
by firms facing information costs. Con-
versely, the decline in entrepreneurs’
net worth during a recession raises cost
of external financing, further retarding
investment.

The analytical description of the
role of net worth in the investment
decision can be straightforwardly ap-
plied empirically by incorporating costs
of adjusting the 1p1tdl stock (see the
discussion in Section 3C below). The
empirical strategy is to assess whether
the neoclassical investment criterion
holds for firms facing low information
costs, while failing for firms with high
information costs, and to measure ef-
fects of changes in net worth on invest-
ment for firms with high information
costs. The example presented here links
the level of net worth to the choice of
the capital stock. One can also think of
this connection as between changes in

net worth and changes in the capital
stock—investment.

Theoretical models of imperfections
in capital markets imply that external fi-
nancing is more costly than internal fi-
nancing for many firms. Hence, for
given levels of investment opportuni-
ties, information costs, and market in-
terest rates, firms with higher net worth
should invest more. Tests of effects of
net worth on investment pose signifi-
cant challenges for applied rescarchers,
including the need to control for invest-
ment opportunities and the desirability
of isolating the prediction of the theo-
retical research that effects of net
worth on investment should be most im-
portant for firms facing high informa-
tion costs.b

3. Tests of Models Incorporating
Capital-Market Imperfections

3A. Early Research

An emphasis on capital-market im-
perfections is not novel in empirical
studies of investment decisions. Early
applied research on investment, espe-
cially the work of John Mever and Ed-
win Kuh (1957), stressed the signifi-
cancc of financing constraints in
business investment. Indeed, financial
effects on many aspects of real eco-
nomic activity received broad attention
during the early postwar period. Since
the mid-1960s, however, most applied
work isolated rcal firm decisions from
purely financial factors. The intellectual
justification for this shift in approach
drew on the seminal work by Franco
Modigliani and Merton Miller (1958),
who demonstrated the irrelevance of fi-
nancial structure and financial policv
for real investment decisions under cer-
tain conditions. The central Modigliani-

SOver time, firms may adjust their internal

funds to reduce ﬁnancmg costs; 1 return to this
point in Section 4 below.

»‘
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Miller result was that a firm’s financial
structure will not affect its market value
in frictionless capital markets. As a re-
sult, if their assumptions are satisfied,
“real” firm decisions (e.g., fixed invest-
ment) motivated by the maximization of
shareholders™ claims, are independent
of financial factors such as liguidity,
leverage, or dividend payments.

Applied to capital investment, this
basic result offers an underpinning of
the neoclassical theory of investment,
described earlier, in which the firm’s
choice of the optimal capital stock
could be solved without reference to fi-
nancial factors (sec, e.g., Dale Jorgen-
son 1963; and Robert Hall and Jorgen-
son 1967). In this approach, firms face a
user cost of capital, the financial com-
ponent of which was set in centralized
securities markets, that does not de-
pend on the firm’'s particular financial
structure. The g-theory approach, pio-
neered by James Tobin (1969) and ex-
tended to models of investment assum-
ing convex costs of adjusting the capital
stock by Fumio Havashi (1982), offers
another formulation of the neoclassical
model. Investment opportunities could
be summarized by the market valua-
tion of the firm’s capital stock, and,
under certain assumptions, the ratio
of the market value of the capital stock
to its replacement cost is the basic
variable explaining investment demand.
As a consequence of the various neo-
classical models, much empirical work,
using aggregate and firm-level data, has
been devoted to tests of the relative
success of various investment demand
models, generally without reference to
the possible influence of financial fac-
tors.”

The

assumption of representative

9See, for example, the review of studies in
Robert Chirinko (1993). One exception is Peter
Clark (1979), whose study contained a cash flow
model.

firms (in the sense of facing a common
S curve) is common to these research
programs. That is, the same empirical
model applies to all firms regardless of
the specification. Therefore, tests could
not ascertain whether the observed sen-
sitivity of investment to financial vari-
ables differs across firms.'® Contempo-
rary empirical studies of information
and incentive problems in the invest-
ment process have moved beyond the
assumption of representative firms by
examining: (1) historical episodes in
which reductions in net worth, all else
being equal, precipitated a decline in
investment, and (2) firm-level panel
data in which firms can be grouped into
“high information cost” and “low infor-
mation cost” categories.

Historical case studies offer poten-
tially valuable laboratories to study the
role played by low or declining levels of
net worth—often from episodes of debt
deflation nationally or in certain sec-
tors—in explaining low or declining in-
vestment. Those episodes do not, how-
ever, generally make available detailed
firm-level data with which to examine
implications of asymmetric information
and incentive models. Accordingly, I
concentrate on the analysis in the sec-
ond category of studies mentioned
above.

3B. Designing Tests Using Firm-Level
Panel Data

Three major challenges confront gen-
eral empirical examination of effccts of
capital-market imperfections on invest-
ment decisions of individual firms. The
first is the need to measure firms in-
vestment opportunities. For example,
changes in firms’ net worth may be
linked to investment and output simply

10An early exception is the study of firm-level
data by Robert Eisner (1978), who found that the
timing of investment in small firms is more sensi-
tive to profits than it is in large firms.

)
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because they are accounted for by shifts
in firms’ opportunities. The models il-
lustrated in Section 2 emphasize a role
for internal net worth and information
costs, h()]ding investment opportunities
constant. Accordingly, empirical tests
must identify a proxy for underlying in-
vestment opportunities. That is, in Fig-
ure 1, an increase in investment oppor-
tunities would shift the demand curve
to the rloht rdlsmg investment. To the
extent that current profitability rises as
well, the supply curve would shift out to
the right as net worth W rises.

Second, because models of informa-
tional imperfections stress cross-sec-
tional predictions—i.c., that net worth
effects on investment should be concen-
trated among borrowers for which infor-
mation costs are very high, empirical re-
search should examine industry case
studies or panel data to discriminate be-
tween the decisions at any point in time

of “constrained” and “unconstrained”
firms.
Third, empirical researchers must

identify both proxies for “net worth”
and shifts in net worth not correlated
with shifts in investment opportunities.
That is, in Figure , one must isolate
shifts in W (and hence § (W)) which are
independent of shifts in the demand
curve (D).

These challenges are related, of
course. A finding of a strong link be-
tween changes in net worth and invest-
ment need not support the validity of
models of costly external flndncmg
Suppose, for oxample that one uses
“cash flow” as a proxy for changes in net
worth, where cash flow is approximately
current revenues less expenses and
taxes. If cash flow is correlated with fu-
ture profitability, a link betwecen cash
flow and investment for a given firm
over time could reflect the link between
expected profitability and investment
emphasized by frictionless neoclassical

Journal of Economic Literature, Vol. XXXVI (March 1998)

models. At a point in time, a cross-sec-
tional link between cash flow and in-
vestment is similarly suspect: Firms
with high cash flow have successful in-
vestments or low costs and face incen-
tives to (‘xpand productlon. Agam, a
link between cash flow and investment
could reflect the conventional neoclassi-
cal mechanism.

In principle, the appropriate measure
of investment opportunities is the ex-
pectation by the entrepreneur or firm
managers of the present value of future
profits from additional capital invest-
ment. In the neoclassical model of the
choice of the capital stock by a value-
maximizing firm, this expectation is
captured b\ the value of marginal ¢, the
shadow value to the firm of an addi-
tional unit of physical capital. If one
could observe the marginal ¢ facing
firm decision makers, one would have a
sufficient ~ statistic summarizing the
firm’s investment opportunities. If fi-
nancial frictions are unimportant, inter-
nal and external financing are perfect
substitutes. and information about
changes in net worth which is dated
contemporaneously with ¢ should be ir-
relevant for the investinent decision.
Hence a change in net worth should
have no dircct effect on investment,
holding constant marginal ¢.

The informational requirements of
such a test are high, however. First, one
must derive a proxy for marginal ¢, an
unobservable variable. Second, one
must specify some form of costs of ad-
justing the capital stock to yield a
model of investment (as opposed to the
equilibrium choice of the capital stock,
which is pegged by equating marginal ¢
and the after-tax cost of a unit of capi-
tal). Third, one must identify exogenous
shocks to firms' net worth that are un-
correlated with changes in investment
opportunities.

The static example presented in Sec-

———
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tion 2 makes clear the second chal-
lenge: to identify “constrained” and
“unconstrained” firms at a particular
point in time. As noted in Section 2, an
intuitive beginning is given by selecting
a priori groupings of “constrained” and
“unconstrained” firms, as in studies of
effects of liguidity constraints on house-
holds” consumption. As Figure 1 sug-
gests, to be useful in empirical tests,
sorting criteria should focus on a firm’s
characteristics that are associated with
information costs. That is, these criteria
should attempt to identify firms likely
to face a significant sprcad between the
cost of external financing and internal
financing. Plausible characteristics in
grouping strategies include the firm’s
size, its age, its close relationships with
industrial or financial groups, the pres-
ence of a bond rating or commercial pa-
per program, or the firm’s dividend pol-
icy.

Third, net worth is not generally ob-
servable in data. (I return to this point
later.) Most empirical studies use a
firm’s cash flow as a proxy for the
change in net worth. The maintained as-
sumption in such an approach is that
the component of shifts in net worth ac-
counted for by changes in expected fu-
ture profltablhtv should be captured in
a measure of investment opportumtl(x
(e.g..q).

Such an a priori grouping strategy
does not vield an ideal test of the un-
derlying models for at least two reasons.
First, the strategy relies on only imper-
fect and imprecise proxies for net worth
and the magnitude of information costs.
Second, information costs of screening
and monitoring vary over time for a
given firm. That is, problems in ascer-
taining the quality or riskiness of s
firm’s projects presumably become Iess
severe as a firm matures and its reputa-
tion develops (reducing the slope of the
S curve in Figure 1). The severity of

agency costs may also fluctuate as insid-
ers’ net worth fluctuates (changing the
length of the horizontal segment in of
the § curve in Figure 1). I return to the
issue of variation over time in the cost
of external financing later in this re-
view.

3C. Tests Using Panel Data

To motivate empirical tests in the
neoclassical setting, I begin by develop-
ing a proxy for the expected present
value of future profits from fixed capi-
tal. Let capital be the only quasi-fixed
factor, and assume that there are con-
vex costs of adjusting the capital stock.
The value of the firm is given by:

V(Ki,9i) = max E Zﬁ}[n(Ki\‘,Oi,‘)

s={
- C(IixvKix,)\fis‘) - p.xli.s‘l ’Qi{, (1)

subject to the capital accumulation con-
straint

Kl\ = (l - sl)K[‘s—l + L’x .

In this setup, i and ¢ denOte th(‘ firm and
time period, respectively; K;, is the be-
ginning-of-period (&pltd] stock: m is the
profit function; 6, is an exogenous shock
to the profit function; C is the cost-of-
adjustment function; I, is investment; Ps
is the (tax-adjusted) relative price of
capital goods: A, is an exogenous shock
to the adjustment cost function; 8 is the
constant rate of depreciation: and E(-]Q;,)
is the expectations operator conditional
on the information set & available to
firm i at time (. New capital resulting
from investmment becomes productive
within the year.

The first-order condition for maxi-
mizing (1) with respect to investment
vields the familiar marginal ¢ specifica-
tion (sce, e.g., Havashi 1982):

_——_
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pr+ Crily Ky) = qur, (2)

where

g =E Y Bi(1 = ) [Ma(Ki 45,817 +5)
5=0

- C I\'(KL/ + .sw)\fi,/ + s)] (3>

The right-hand term in equation (2) is
just marginal g. Equation (3) defines g as
the present discounted value of profits
from new fixed capital investment.

To obtain an investment specification
from the first-order condition in (2),
one must posit a functional form for the
adjustment cost function, C. The tradi-
tion in the ¢ literature is to specify ad-
justment costs that are linearly homoge-
neous in investment and capital (so that
marginal and average g will be equal, as
in Hayashi 1982). A convenient parame-
terization that adheres to these con-
straints is:

C(l,’/,KU = ((1/2.) Nil/Ki/ —a;— ;m]z K. (4)

The adjustment cost function allows
for a technology shock, A, which may be
correlated with the production shock, 6.
Substituting the adjustment cost speci-
fication in (4) into equation (2) yields
an investment specification:

I 1
[‘EJ” =a;+ a lgu~pl+Xi+ &, (5

where g, is an optimization error.

Under certain assumptions, average
Q constructed from financial market
data mayv be used as a proxy for mar-
ginal ¢ (less the price of investment
goods), where average Q substitutes ex-
pected average returns to capital each
period for marginal returns. The as-
sumptions include perfect competition
in the factor and product markets, ho-
mogeneity of fixed capital, linear homo-
gencity of technologies for production
and adjustment costs, and indepen-
dence of financing and investment deci-

’-—>
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sions. When these assumptions hold,
one can express the relation between
investment and Q as:

I
[E]r/ =a;+bQu + i + €01, (6)

where b = (l/a) and Q is the tax-ad-
justed value of Tobin’s ¢ (as in Lawrence
Summers 1981). Returning to the
theoretical predictions in Section 2,
the specification in ( a repre-
sentative of a model under frictionless
capital markets—should explain invest-
ment for firms with a low premium in
the cost of external relative to internal
financing. In addition. the model of
Section 2 predicts that, for firms for
which information cost are high (and
only for such firms). changes in net
worth affect investment. Hence one
might expect the residuals from a projec-
tion of (I/K) on Q to be correlated with
changes in net worth for such firms.
Such a correlation would reject the fric-
tionless Q model, while offering a sug-
gestion of—though not a test of—an al-
ternative model in  which financing
constraints play a role.

These two implications were pursued
by Fazzari, Hubbard, and Bruce C. Pe-
tersen (1988a)—hercafter FHP. FHP
attempt to group firms according to
whether they are in the region of Fig-
ure 1 in which changes in net worth
affect investment, after controlling for
investment opportunities. That is, they
try to test whether determinants of in-
vestment  differ between firms for
which, a priori, the cost of internal fi-
nancing and external financing are simi-
lar and firms for which the cost of ex-
ternal financing exceeds the cost of
internal financing. In particular, to
identify a group of firms that are most
likely to face binding financing con-
straints, FIIP extend a model from the
public economics literature, in which
dividends are a residual in firm deci-
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sions.!! This logic can be explained as
follows. Suppose that the cost of adjust-
ing the capital stock is high relative to
the cost of adjusting dividend payouts.
Then, if the cost of external financing
exceeds that of internal financing—Dbe-
cause of tax factors, transactions costs,
or information costs—paying substantial
dividends in the presence of promising
investment opportunities would not be
consistent with value maximization.
Therefore, if financing constraints are
important, the investment of firms with
good investment opportumtles that re-
tain all or nearly all of their earnings
will likely be wmore sensitive to cash
flow than that for high-payout firms
with a large (dividend) cushion of funds
to finance investment.

In their cmpirical tests, FHP esti-
mate a version of (6) in which Ay, the
technology shock, is assumed to be zero
(i.e., the error term € reflects only an
optimization error). As long as the opti-
mization error is assumed to be white
noise and Q approximates marginal q,
any correlation between changes in net
worth and investment, given Q, violates
the frictionless model.!2 However, if in-
formation costs are high, profitable in-

''The idea that dividends are a residual in a
firm’s decisions is exposited in the tax capitaliza-
tion, model of the dividend decision in the public
economics literature {see Alan Auerbach 1979;
David Bradford 1981; and Mervyn King 1977). In
that model, internal funds are cheaper to the firm
than external funds because dividends are more
highly taxed than capital gains. Building on the
intuition of models (>[f) adverse selection problems
with new equity issues (see e.g., Myers and Majluf
1984; and Bruce Greenwald Stlghtz and Weiss
1984\ one may argue that the cost differential be-
tween internal and equity finance is larger for
non-dividend-paying firms than that suggested by
tax considerations ione To the extent that firms
smooth dividends, “financing constraints” on in-
vestment are even more likely.

12 These restrictions are not innocuous. as I dis-
cuss further below, because technology shocks can
induce a correlation between investment and prof-
its, and residual effects of profits on investment
may reflect a mismeasurement of the true Q seen
by firms.

vestment opportunities (measured by
high value of ¢ seen by firm insiders)
may attract only very costly external
financing—elther because firm in-
siders cannot communicate the true op-
portunities or because incentive prob-
lems require a commitment of internal
fmancmg to carry out investment. Ac-
cordingly, for a given true value of
marginal ¢, high information costs
imply that an increase in Q does not
bring forth the increase in invest-
ment predicted by the frictionless
model—in (6). Returning to Figure 1,
high information costs imply a stoeplv
sloped supply curve. In this case, an ex-
pd]lSlOl]dI’) shift in investment opportu-
nities shifts the demand curve to the
right, leading to a significant increase in
the shadow cost of funds and a small
increase in investment. (In the limit, if
the supply curve were vertical for val-
ues of K beyond W, changes in invest-
ment opportunities would induce no
corresponding change in the actual
capital stock.)

For firms with low levels of net worth
and for which information costs are
high, shifts in net worth can affect in-
vestment. Returning to Figure 1. for a
given level of investment opportunities
(that is, for a given demand curve), an
increase in net worth increases the capi-
tal stock. The FIP framework can be
interpreted as using cash flow to mea-
surc the change in net worth.

Firm cash flow is an imperfect proxy
for the change in net worth. For exam-
ple, cash flow—ecarnings and deprecia-
tion allowances—represents a series of
accounting—timing and financial-—de-
cisions, reducing the correlation be-
tween cash flow and the change in net
worth. Such caveats notwithstanding,
most studics have used cash flow as
a proxy for the change in net worth
because it is wrtuallx the only such
measure available for manv firms. In

——_
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addition, under certain conditions (dis-
cussed below), cash flow should have no
predictive power for investment if in-
cluded in equation (6). so that it may be
useful in exploring rejections of (6)
even if cash flow is not a perfect proxy
for the change in net worth.
Using cash flow, CF, FHP estimate:
R JF
1,—czi+b()i,+c? i+ €ir. 7)
Absent capital-market frictions, the esti-
mated coefficient ¢ should be zero as
long as Q controls adequately for invest-
ment opportunities; a significantly posi-
tive value of ¢ corresponds to a rejection
of the frictionless model and a sugges-
tion of the presence of financing con-
straints.!3
The authors use panel data on 421
manufacturing firms over the period
from 1970 to 1984 constructed from
Value Line sources. To implement the
firm classification by retention behav-
ior, they group firms into three fixed
categories (in decreasing likelihood of

13 There is an obvious simultaneity among con-
temporaneous values of a firm’s income statement
and balance sheet items. For example, investment
and cash flow are determined simultaneously by
profitability. The logic of the test implied by equa-
tion {7) is akin to that in tests in studies of con-
sumption of whether consumption is excessively
sensitive to current income. With the null hy-
pothesis of efficient financial markets and the
setup of the Q model, under Hayashi’s (1982) as-
sumptions, Q is a sufficicnt statistic for investment
opportunities. Hence 1prcd(*termined cash flow—
known when financial markets formed expecta-
tions of future value in Q—should have no effect
on investment once Q is controlled for. Some
studies have used an instrumental variables ap-
proach. I revisit the strength of the underlving as-
sumptions in Section 4 below

An additional concern in estimating (2) arises when
K is measured with error; measurement error could
induce a spurious correlation between (I/K} and
(CF/K). One can address this problem by estimating
the model using first differences and second differ-
ences, following Zvi Griliches and Jerry Hausman
{1986), as opposed to conventional fixed effects; esti-
mated coefficients on cash flow are similar in all cases.
Hassett and Hubbard (1997) discuss other measure-
ment error problems in the conventional Q formula-
tion.

being constrained)—low dividend pay-
out, medium dividend payout, and high
dividend payout. FHP find significantly
larger estimated cash flow coefﬁuents,
¢, for the low-dividend-payout firms
than for the high-dividend-payout
firms. It is this cross-sectional differ-
ence that led FHP to conclude that fi-
nancing constraints are likely to be im-
portant in many firms" investment
decisions. The cross-sectional differ-
ences in cash flow effects on investment
found in the basic Q model remained
when sales or user cost of capital vari-
ables were introduced (as additional
controls for investment opportunities)
and when the data were further decom-
posed by two-digit S.I.C. industry
groups. This set of findings is broadly
consistent with the illustration of the
effect of a change in net worth on in-
vestment illustrated in Section 2.4
Nonetheless, the findings are only sug-
gestive of the alternative financing con-
straint interpretation; FHP's estimate
of ¢ was statistically significantly differ-
ent from zero in all three classes of
firms they investigated.

4. Problems Raised in Panel Data Tests

While the cross-sectional differences
in FHP's results support an important

4The basic finding that a priori groupings of
“constrained” and “unconstrained” firms have dif-
ferent determinants of investment. with cash flow
being an important explanatory variable only for
the {%rmer group. has been corrcborated in stud-
ies of firms for |dpan {Takeo Hoshi. Kashvap, and
Scharfstein 1991). the United Kingdom (Michael
Devereux and S(hlantarel]i 1990: Richard Blun-
dell, et al. 1992; Stephen Bond and Costas Meghir
1994}, Canada \Huntley Schaller 1993), Germany
(Julie A. Elston, 1993), and Italy (Schiantarelli and
Alessandro Sembenelli 1995). FHP used full-
sample dividend payout data in constructing their
classifications. To he more consistent with the the-
oretical intuition, one should use pre-sample in-
formation. Using pancl data on U.S. manufactur-
ing firms, Hubbard, Kashyap, and Toni M. Whited

(1995) find similar rosults to those of FHP using a
pre-sample dividend classification.
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role for information-related frictions in
firms® financing and investment deci-
sions, there are potential problems in
matching the intuition sketched in
Section 2 with the empirical implemen-
tation by FHP and others. Much
subsequent rescarch  has addressed
problems relating to: (1) the a priori
classification of firms, (2) the extent to
which Q is a good proxv for underlying
investment opportunities, (3) whether
the tests identify changes in net worth
which are inde p(‘ndent Of changes in in-
vestment opportunitics.  (4)  whether
classifications of firms simply capture

risk-related differences in the cost of

funds, and (5) whether the observed
link between cash flow and investment
reflects non-value-maximizing behavior
by managers as opposced to financing
constraints.

4A. A Priori Classification of Firms

Tests of the form described in Sce-
tion 3 emphasize cross-sectional differ-
ences in cffects of internal funds (as a
proxy for changes in net worth) on
firms’ investment. This emphasis raises
two issues: whether different sample
splits lead to consistent results. and
whether anv fixed grouping is reason-
able.

Using different approaches from that
of FHP., a number of studies have
grouped firms by dividend payouts to
analyze cross- sectional differcnces in
the sensitivity of investment to cash
flow. In particular, that failures of per-
fect-markets models in micro data are a
feature of firms with low or zcro divi-
dend pavout has been confirmed by re-
searchers in variety of settings (see Gil-
christ 1991:. Hubbard. dSthp and
Whited 19935; and Calowmiris and Hub-
bard 1995).

Other a priori groupings of firms
have focused on sorting firms by more
direct proxies for information  costs,

rather than proxies for net worth. For
example, firms unde
component of the cost of external fi-
nancing related in part to information
u)sts-—doc]me monotonically with divi-
dend payout (see Calomiris and Him-
melberg 1995). In addition, if informa-
tional imperfections are important,
relationships with financial intermediar-
ies specializing in reducing information
costs may reduce the sensitivity of in-
vestment to dlallges in net worth. Re-
turulng to I‘lgure , it intermediaries
reduce information costs, the slope of
the supply curve of funds to borrowers
with relationships with intermediaries
would be less steep than that firms not
raising  funds from intermediaries.
Hence for a given level of investment
opportunities (say, measured by Q), an
increase in net worth affects investment
more for firms without intermediary
ties. In the investment-cash flow tests.
then, holding Q constant. investment
should be more sensitive to cash flow
for firms without intermediary relation-
ships.

Japanesc industrial arrangements of-
fer an interesting case in point. In par-
ticular. one might use membership in a
keiretsu, or Lnge industrial group, as a
sorting device. The idea is that keiretsu
firms lld\'(,‘ access to external financing
from the group’s “main bank,” which
monitors member firms closely and re-
duces information costs in external fi-
nancing. As a consequence. cash flow
should have a smaller effect on invest-
ment, holding constant investment op-
portunities (moa@mod bv Q). for mem-
ber firms than for firms not affiliated
with keiretsu groups.'s While liquidity

150ne can illustrate this test using Figure 1. If
intermediary Ielatlonshlps eliminate mTommtlon
costs, the § curve is horizontal at v For firms with
intermediary relationships, then, changes in net
worth have no effect on investment. POI firms
without intermediary relationships. changes in net
worth can affect investment.

——_
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effects on investment are (at least his-
torically) important for nongroup firms,
they are much less important for
keiretsu firms (see Hoshi, Kashyap, and
Scharfstein 1991).

Other groupings in this spirit may be
useful to the extent that they are based
on characteristics of a firm and tied to
problems of asymmetric information—
for example, young versus mature firms
(to capture likely differences in the cost
of external equity financing), firms with
dispersed versus concentrated owner-
ship (a proxy for potential agency
costs), and firms that are members of
industrial groups compared with those
that are not (following the approach of
Hoshi, Kashyap, and Scharfstein 1991).
Again, with a priori differences in infor-
mation costs, changes in net worth have
different effects on investment for
high-information-cost and low-informa-
tion-cost firms.

In this spirit, one could estimate vari-
ants of the specification in equation (7)
for such groups. For Canadian firm
data, for example, there is evidence that
cash flow effects on investment (hold-
ing constant Q) arc more pronounced
for young firms, firms with dispersed
ownership, and non-group firms (see
Schaller 1993). For U.S. data, there is
evidence that the perfect-markets Q
model can be rejected for several a pri-
ori classifications of constrained firms—
identified as small firms, or those with
no bond rating or commercial paper
program; cach constrained group dis-
plays an excess sensitivity of investment
to cash flow, while the unconstrained
group does not (see Gilchrist and Him-
melberg 1995).16

The assumption that only a particular
group of firms faces costly external fi-
nancing is analytically and empirically

16 Gilchrist and Himmelberg do not use the con-

ventional average Q as a proxy for marginal ¢; see
the discussion in the next subsection.

M
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convenient. However, it is more plausi—
ble that firms switch between “con-
strained” and “unconstrained” regimes
depending upon shifts in investment op-
portunities and the availability of inter-
nal or external financing. Also, it is im-
portant to consider investment and
financial policy jointly; firms may, for
example, accumulate liquidity as a buff-
er against future constraints.

Such considerations require modeling
investment and financing decisions
jointly, investigating longitudinal as
well as cross-sectional implications of
financing constraints. For cxample,
firms might manage investments in
physical capital and liquid assets to
mitigate bankruptey risk, while availing
themselves of the resources necessary
to undertake capital investment proj-
ccts. Working with a framework used
in the “buffer stock” literature on
consumption. one could attempt to de-
rive a link between changes in net
worth and investment, consistent with
the intuition of the example presented
in Section 2. In principle, one could
solve for the firm’s optimal policy
functions for investment, financing,
dividend policy, and liquid assets;
optimal policy functions can be com-
pared to firms’ decisions in real data
to evaluate the economic importance
of financing constraints. Following the
intuition of Section 2, a firm with
significant financial resources should
be unconstrained; it should invest until
its capital stock attains the desired
level. For such situations. the estimated
policy function for fixed capital is
flat. In periods in which a firm is
constrained, a significant fraction of
each incremental dollar of internal
funds is invested, so that the policy
function is increasing. In one imple-
mentation of such an approach, non-
parametric estimation of the policy
functions for firm decisions matched
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closely the nonlinearities predicted by
the optimal policy function in the pres-
ence of financing constraints (see David
sross 1995).

One study whose findings run
counter to the uscfulness of a priori
groupings of firms emphasized by FHP
to test predictions of models of financ-
ing constraints is that of Kaplan and
Zingales (1997)—KZ. KZ argue that
when they examine in greater detail
some of the firms studied by FHP, the
data do not support the presence of fi-
nancing constraints. In particular, they
reexamine the sample of (49) low-divi-
dend-payout firms from FHP, scrutiniz-
ing annual reports to find statements in-
dicating whether or not financing
constraints are a problem. Based on
statements contained in annual reports,
they divide the firms into categories:
“not financially constrained,” “possibly
financially constrained,” and “finan-
cially constrained.”'” They find that
the “financially constrained” group ac-
tually displays the lowest sensitivity of
investment to cash flow of the three
groups, counter to the intuition of the
tests outlined in Section 2. Based on
this finding, they claim that investment-
cash flow sensitivities provide no evi-
dence of the presence of financing con-
straints.

The KZ conclusions do not appear to
be well supported bv their tests (though
this author is not an impartial partici-
pant in this debate). First, it is difficult
to distinguish so finely the degree of fi-
nancing constraints, especially in such a
small sample. In addition, the classifica-

" To justify their use of managerial statements,
KZ rely on SEC Regulation S-K, which they state
“explicitly requires firms to disclose whether or
not they are having difficulty financing their in-
vestments” (p. 10). In fact, Regulation S-K
addresses spending commitments, not desired
investment, and therefore need not induce manag-
ers to reveal information about the presence or
absence of financing constraints.

tion criteria employed by KZ are also
debatable. In particular, the criteria
rely on managerial statements about li-
quldlt) and problematic operational
definitions of what it means for a firm
to be financially constrained. KZ argue
that a firm does not face financing con-
straints if it can invest more at a point
in time. In addition to ignoring the pos-
sibility of dynamic financing con-
straints, this definition ignores uses of
cash for purposes other than fixed capi-
tal—that is. for inventories, working
capital, or precautionary cash stocks to
offset shocks to the flow of internal
funds.

KZ arguc that they identify different
degrees of financing constraints across
the subgroups. Fazzari, Hubbard, and
Petersen (1997) note that the FHP
firm-years KZ classify as most finan-
cially constrained are actually observa-
tions from years when firms are finan-
cially distressed. (The criteria for
inclusion in their most constrained
group include the violation of debt
covenants and renegotiation of debt
payments.) KZ themselves note that fi-
nancially distressed firms may be re-
stricted by creditors from using internal
funds for investment and might there-
fore have a relatively low responsive-
ness of investment to internal funds. At
the same time, the growth opportunities
available to healthy firms (which KZ
classify as unconstrained) may exhaust
their low-cost internal financing and
make their investment relatively more
sensitive to internal financing if they
must pay a premiumn for internal financ-
ing. Finally, because the sample that
KZ study was designed to exclude finan-
cially distressed firms, very few obser-
vations fall into the categories KZ label
as “constrained.” As a result, the sample
lacks sufficient heterogeneity to iden-
tify meaningful differences across their
samples.

I s
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4B. Investment Opportunities and Q

In framing the thought experiment in
Section 2, I noted the importance of
controlling for investment opportunities
(captured in the D curve in Figure 1) in
order to focus on shifts in net worth
(captured in the § curve in Figure 1).
The Q model’s usefulness in this litera-
ture stems from its ability to link invest-
ment to the increase in the firm’s value
from an increment to the capital stock.
By specifying a functional form for
costs of adjustment, one can solve for
an investment function that relates the
rate of investment to Q.

An important potential problem with
this approach is that average Q may be
a poor proxy for marginal Q, the theo-
retical construct.'> Such a problem
could materialize with a violation of any
of the assumptions required to equate
average Q and marginal q in setting up
equation (6). Two possibilities are par-
ticularly troubling in the present con-
text: (1) imperfect competition in the
product market, and (2) interrelation-
ship of firms’ investment and financing
decisions.

In the presence of imperfect compe-
tition in the firm’s product market, the
shadow value of capital and its market
valuation are no longer equal. Maintain-
ing the rest of Hayashi’s assumptions,
the difference is represented by the
present discounted value of future aver-
age products of capital weighted by dis-
count and depreciation rates and multi-
plied by the negative inverse price
elasticity of demand for the firm’s out-
put. While FHP showed that their
cross-sectional differences in the effect
of cash flow on investment were robust
to the inclusion of lagged sales-capital
ratios, their experiment did not match

15 Chirinko’s (1993) survey also reviews prob-
lems in using average Qasa proxy for investment
opportunities in empirical investment models.

the exact requirements suggested by
imperfect competition. Indeed, addi-
tional assumptions about the time-se-
ries properties of firms' average prod-
ucts of capital are required to obtain a
revised Q-type estimating equation.
The derivation of Q used by FHP fol-
lows Hayashi’s assumptions, so that, in
equation (3), tg = (n/K).'?

An additional problem with using Q
as a measurc of investment opportuni-
ties is that it may be a poor proxy pre-
cisely because of a breakdown traceable
to efficient markets or capital-market
imperfections.? Virtually all research in
this literature has acknowledged this
problem. In particular, the Q model
may be a questionable framework for
analysis under an asymmetric-informa-
tion alternative to the conventional per-
fect-capital-markets model to the extent
that expectations will not in general re-
flect insiders’™ valuations of opportuni-
ties. For example, under certain condi-
tions, the firm’s discount rate rises (p
falls) according to the shadow cost of
external financing relative to internal fi-
nancing. In this case, the market Q may
“capitalize” financing constraints; the
true ¢ used by the managers absent in-
formation costs uses only the risk-ad-
justed discount rate in constructing B.
As with the introduction of imperfect
competition, an Euler equation ap-
proach can circumvent some of the
problems in the conventional Q estima-

191n the presence of market power, mi(K) is no
longer homogeneous of degree one, and my=
(n/K) + n(Y/K) , where Y is output and n depends
on the price elasticity of demand. Hence equation
(3) (ancfhence equation (5)) contains an additional
term representing the discounted present value of
(Y/K). This inclusion can, however, be straightfor-
wardly handled by estimating the Euler equation.
as I discuss below.

20 Endogenous corporate financial policy can
also undermine the information content of Q for
investment (see Hayashi 1985), though Chirinko
(1987) concludes that this modification improves
by very little the empirical performance of the Q
model.

—__-__'
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tion (see below). Within the Q setting,
cash flow may simply measure invest-
ment opportunities better than
Moreover, this problem is likely to be
most acute in the younger, low-divi-
dend-payout firms considered by such
researchers as FHP.

One way to mitigate such problems is
to depart from the strategy of using
proxies for marginal ¢ and rely on the
Euler equation describing the firm's op-
timal capital stock to model the invest-
ment decision. (As long as one makes
the same assumptions about technology
and adjustment costs, the Euler equa-
tion can be derived from the value-
maximization problem as the conven-
tional Q model.) The basic idea is this:
Following the spirit of the illustration
in Section 2, the usual Euler equation
describing the choice of the capital
stock should hold across adjacent peri-
ods. Alternatively, if firms face costly
external financing due to financing con-
straints, the standard Euler equation is
misspecified, and other variables, such
as proxies for changes in net worth, may
play a role in the investment decision.
Investment will also depend on collater-
alizable resources, with investment op-
portunities held constant. This ap-
proach addresses two of the concerns
with the Q framework. First, by not re-
lying on the “investment function” rep-
resentation, one can sidestep problems
of measuring marginal Q. Second, by al-
lowing the effect of changes in net
worth on investment to vary systemati-
cally, one can model more directly its
role in an alternative model of the in-
vestment process.

Tests following this approach use
panel data on manufacturing firms to
estimate the Euler equation. Studies us-
ing Compustat data for the United
States are unable to reject the friction-
less neoclassical model for firms with
significant dividend payouts, and the es-

timated adjustment cost parameters are
more reasonable than those found in es-
timates of Q models (see Gilchrist 1991;
Whited 1992; and Hubbard, Kashyap,
and Whited 1995). The frictionless neo-
classical model is easily rejected, how-
ever, for firms with low dividend pay-
outs prior to the estimation period.
These findings are consistent with the
cross-sectional  differences noted by
FHP styled tests. In Hubbard, Kashyap,
and Whited (1995), the restrictions im-
posed by the model are not rejected,
however, for the high-dividend-payout
(“unconstrained”) sample. Marginal ad-
justment costs are estimated to be $0.21
per dollar of investment, and the
markup of price over marginal cost is
estimated to be about 1.3.

The Euler equation framework can
also be extended to specify an alterna-
tive model with a borrowing constraint.
Possibilities  include allowing the
shadow cost of external financing to de-
pend on the firm’s debt-to-assets ratio
and interest coverage (as in Whited
1992), or permitting a firm’s shadow
cost of funds to depend on firm-specific
cash flow and a measure of tightness in
aggregate credit conditions (as in Hub-
bard, Kashyap, and Whited 1995). In
empirical applications, the additional
variables affect investment for the sam-
ple of firms for which the neoclassical
model is rejected, and the Euler equa-
tion based on the alternative model is
not rejected when both additional vari-
ables are included. The estimated effect
of cash flow on the shadow price of
funds is economically important. All
else being equal, a 25 percent decline
in cash flow implies an increase in the
discount rate of more than 40 percent.

Rescarchers applying Euler equation
techniques to panel data on U.K. firms
have found similar results. Using data
on manufacturing corporations provided
by Datastream International, Bond and

——
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Meghir (1994) reject the perfect-capi-
tal-markets model. Current investment
is positively related to lagged cash flow
even after controlling for output fluc-
tuations and leverage. While this role
for cash flow is inconsistent with fric-
tionless models, it is consistent with an
alternative model with financing con-
straints posed by the authors. In addi-
tion, this violation of the frictionless
model is most prominent for low-divi-
dend-payout firms.

While estimating Euler equations of-
fers important benefits in testing the
implications of neoclassical investment
models with and without information-
related capital-market imperfections,
the approach relies on the period-by-
period restriction derived from the
firm’s first-order conditions. This test
may not pick up the effect of capital-
market imperfections on decisions by
firms for which the overall level of in-
vestment is constrained by internal fi-
nancing but which do not appear con-
strained this period relative to next.

An alternative approach bypasses us-
ing financial variables as proxies for
marginal ¢ by forecasting the expected
present value of the current and future
profits generated by an incremental
unit of fixed capital—that is, the ex-
pected value of marginal g—an idea de-
veloped for time-series data by Andrew
Abel and Olivier Blanchard (1986). One
can extend this setup to a panel-data
setting by constructing investment fun-
damentals using a vector autoregression
(VAR) forecasting framework to decom-
pose the effect of cash flow on invest-
ment into two distinct components—
one that forecasts future profitability
under perfect capital markets (analo-
gous to ¢) and a residual component
that may be attributable to financial
frictions. By including lags of cash flow
in the vector of observed fundamentals
in the forecasting equations, one can

—'-__>
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ensure that any information about fu-
ture marglnal profitability of capital
contained in cash flow is reflected in
the proxy for marginal g. One can then
test whether cash flow is an indepen-
dent “fundamental” variable explaining
investment. This is a test of the re-
stricted model against the alternative
that current profits have explanatory
power beyond their ability to predict fu-
ture profits. The theoretical models
predict that one should find both that
the change in net worth is an indepen-
dent fundamental and that excess sensi-
tivity of investment to changes in net
worth is a characteristic of firms identi-
fied as constrained (facing high infor-
mation costs)—e.g., measured by size,
bond rating, commercial paper rating,
or dividend payout.

Indeed, this approach has vielded
more successful distinctions between
the investment—Q relations of con-
strained and unconstrained firms than
those found in the FHP tests. Gilchrist
and Himmelberg (1995) construct a
measure they call fundamental Q using
VAR forecasts. Using Compustat data
on manufacturing firms, they estimate
larger Q coefficients (smaller costs of
adjusting capital stock) for wuncon-
strained samples—large firms, firms
with a commercial paper rating, and
firms with a bond rating—than for the
unconstrained counterparts. Consistent
with the prediction of differences in the
sensitivity of investment to changes in
net worth, they estimate generally sig-
nificantly higher coefficients on cash
flow for constrained samples than for
unconstrained samples.2!

21 In contrast to FHP, they find no statistically
significant difference in the estimated coefficients
on cash flow for zero-dividend and positive-divi-
dend firms. Their classification is not the same as
that used by FHP, however, who specified a divi-
dend payout cutoff of 10 percent and who elimi-
nated financially distressed firms from their sam-

ple.
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4C. Independent Changes in Internal
Funds

An issue related to the problem of
measuring investment opportunities is
the problem of measuring changes in
net worth uncorrelated with those op-
portunities. Tests based on the intuition
sketched in Figure 1 require a shift in
the S curve that is independent of de-
terminants of capital demand. In the
case of the panel data studies, which
use cash flow as a proxy for changes in
net worth, it is difficult to identify inde-
pendent changes in net worth.

One way to express the problem is to
note that the error term in the invest-
ment rate—Q relation can represent a
technology shock to the profit function
that subsumes adjustment costs—as in
equation (5). In this interpretation, re-
alizations of variables such as cash flow
are influenced by this shock, and may
have statistically significant estimated
regression coefficients in a conventional
Q specification. One could attempt to
reduce this problem by combining the
structure of the Q model and an as-
sumed serial correlation structure of
the error term, while using lagged or
future endogenous variables as instru-
ments to circumvent the correlation be-
tween the temporary component and
Q—see, e.g., Hayashi and Tohru Inoue
(1991). Cash flow still has significant
explanatory power beyond that from Q
in the test proposed by Hayashi and
Inoue (1991) even after removing si-
multaneity bias; they do find somewhat
larger and more precisely estimated Q
coefficients than those estimated for
U.S. firms by FHP, however.

One candidate source of independent
variation in firms’ cash flow arises from
variation in tax payments. Owing to
such factors as tax-loss carry forwards
and carry backs, tax payments are often
imperfectly correlated with firm profit-

ability and tax payments can be used as
an instrumental variable for cash flow
(as in Hubbard, Kashyap, and Whited
1995).

A second experiment offered by tax
considerations occurs when retained
earnings are taxed more heavily than
distributed profits. In frictionless capi-
tal markets, firms would take advantage
of the incentive to change their payout
policies, as long as the difference in the
taxation of dividends and retained earn-
ings is significant. Working against this
response for some firms is the potential
difference in the cost of internal and ex-
ternal financing. To the extent that the
marginal cost of external financing is
high, a growing firm with profitable in-
vestment opportunities might choose to
pay the undistributed profits tax and in-
vest its internal funds, rather than dis-
tribute funds and then reacquire them
in the capital market. U.S. history offers
a useful experiment in this respect, the
Undistributed Profits Tax of 1936-1937,
which imposed a graduated surtax on
corporate retentions over and above
normal corporate taxes.?2

Because the maximum marginal tax
rate on corporate retentions was 27 per-
cent, most firms had large incentives to
alter their payout policies. Tests based
on equation (7) using firm-level panel
data from the 1930s indicate that a neo-
classical investment model with no ex-
plicit capital-market frictions cannot be
rejected except for firms with high ex
ante surtax margins (see Calomiris and
Hubbard 1995). The investment spend-
ing only of those firms displayed excess
sensitivity to internal funds. In addi-
tion, working capital accumulation was

22 The marginal surtax rate is, of course, en-
dogenous. Czﬁomiris and Hubbard used lagged
earnings and dividend data to forecast dividend
payout rates, and then used the retention tax
schedule to estimate the firm’'s first-dollar mar-
ginal tax rate.

—
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responsive to cash flow only for high-
surtax-margin firms, suggesting the use
of working capital to smooth fixed capi-
tal investment when external finance is
costly. Finally, the high-surtax-margin
firms are concentrated in the growth in-
dustries of their day, making it unlikely
that the link between cash flow and in-
vestment in low-dividend-payout firms
reflects “free cash flow” considerations.

In addition to research using tax ex-
periments, five other lines of inquiry
have suggested ways to identify changes
in net worth independent of shifts in in-
vestment opportunities. The first are
the studies of historical debt-deflation
episodes. In a debt deflation, a fall in
the general price level increases the
real value of borrowers” liabilities, re-
ducing their net worth. In the analytical
framework of Section 2, firms experi-
ence a fall in net worth (shifting the S
curve to the left) but no change in their
individual  investment opportunities
(captured in the D curve). The increase
in real debt burdens weakens borrow-
ers’ capacity to finance any given set of
potential investments.?3

Second, firms with multiple lines of
business offer an opportunity to assess
how shocks to internal funds generated
from activities unrelated to a given line
of business affect investment in that
line of business. For example, one could
examine investment decisions of oil
firms operating in oil and non-oil lines
of business, and assess effects of cash
flow shocks from the oil businesses on
investment in the non-oil businesses.
Using just such an approach, Owen
Lamont (1997) finds a positive effect of
oil-related cash flow on non-oil-related
investment, holding constant invest-
ment opportunities, lending support to
an independent channel for cash flow as

23This idea has been subjected to empirical
scrutiny by Bernanke and Harold James (1991)
and Calomiris and Hubbard (1989), among others.

_————t
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a proxy for changes in net worth. In a
more general study, Hyun-Han Shin
and Stulz (1998) study investment deci-
sions in mu]ti-segment firms in Com-
pustat. They find that investment of the
smallest division of a diversified firm is
significantly related to the cash flow of
other segments.>*

Third, legal settlements offer an op-
portunity to identify how firms respond
to the rececipt of a windfall {(uncorre-
lated with investment opportunities)
from court judgments. Evidence that
managers retain such windfalls could be
consistent with the presence of agency
costs (as in Blanchard, Florencio
Lopez-de-Silanes, and Andrei Shleifer
1994), or with “precautionary saving” to
finance promising future investment
projects (as in Fazzari, Hubbard, and
Petersen 1997).

Fourth, revaluations of foreign multi-
national firms™ internal resources in
overseas subsidiaries owing to exchange
rate fluctuations offer shocks to internal
funds uncorrelated with firm-specific
investment opportunities. Available evi-
dence is consistent with the idea that
increases in internal funds on account
of exchange rate shifts affects foreign
multinational firms’ cost of funds for ac-
quisitions in the United States (see
Kenneth Froot and Stein 1991).

Finally, adding changes in working

24 Such tests are not wholly unambiguous, how-
ever, because presumably firms have a reason for
housing multiple divisions and lines of business
within a single “firm.” One could build on the in-
tuition of Lamont and Shin and Stulz by consider-
ing whether non-operating or extraordinary cash
Hows affect investment, ceteris paribus. Returning
to the intuition of equation (1) above, one could,
for example, test whether changes in non-operat-
ing income affect operating income (), all else
being equal. If not, one could assume that operat-
ing and non-operating income are orthogonal. If
non-operating income affects investment—holding
constant fundamentals in a conventional Q. Gil-
christ-Himmelberg Q. or Euler equation specifica-
tions—financing constraints are likely to be opera-
tive.
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capital (current assets minus current li-
abilities) to the Q specification in (7)
may provide an opportunity to separate
omitted shifts in investment demand
from effects of profitability on financ-
ing constraints. On the one hand, if ef-
fects of cash flow on investinent repre-
sent omitted shifts in investment
demand (e.g., sales and profits), then
changes in working capital, which are
themselves positively correlated with
sales and profits. should have a positive
coefficient in the investment regres-
sion.?> On the other hand, suppose that
costs of adjusting the stock of working
capital are lower than costs of adjusting
the stock of fixed capital. Then, finan-
cially constrained firms (for which the
costs of external financing are high)
may draw down working capital to miti-
gate the effect of an adverse shock to
cash flow on investment (that is, use
working capital to smooth fixed capital
investment). In this case, investment
in working capital should have a nega-
tive coefficient when included in equa-
tion (7). Using panel data on U.S.
manufacturing firms, Fazzari and Pe-
tersen (1993) estimate that the work-
ing-capital-investment  coefficient  is
indeed negative for the low-payout
firms studied by IFHP. casting some
doubt on the notion that the estimated
effect of cash flow on investment
largely reflects omitted shifts in invest-
ment demand.

25 This intuition requires an addition to equa-
tion (7} a term representing the ratio of the
change in working capital (net working capital in-
vestment) to the ﬁ\eg capital stock. This variable
is, of course, endogenous. Plausible instrumental
variables include laavcd Q. CF/K, firm and year
effects. and the bedmnuw of-period stock of work-
ing capital divided b\ the fixed capital stock. The
ratlonale for mcludm(! the last variable is that, in
the “fixed investmmlf smoothing” interpretation,
the firm's working capital investment sEould de-

end negatively on the size of the initial stock,
Eecquse the marginal values of working capital for
this purpose de clines as the stock increases,

4D. Risk-Related Differences in the
Cost of External Financing

As noted above. because the micro
data studies generally emphasize cross-
sectional differences in the importance
of changes in net worth for firms’ in-
vestment, it is important that groupings
of firms represent distinctions attribut-
able to financing constraints. One prob-
lem is that proxies used in empirical
studies (e.g., dividend pavout ratio, lev-
erage, access to public debt markets, or
firm size) may simply capture differ-
ences in default risk; accordingly, re-
quired rates of return should be higher
for investment by “constrained” firms.

There are two difficulties with this
argument. First, in the Q framework,
the firm’s Q value incorporates publicly
available information about default risk
(among other things). so that effects of
net worth on investment, holding Q
constant, should not convey information
about differences in risk. Second, even
if one takes seriously the problems with
the Q framework discussed earlier—
particularly the p0551b1]1tv that financ-
ing constraints are “capitalized” in the
market-assigned Q—Euler equation
studies have found that the implied
shadow cost of funds varies significantly
over time for “constrained firms.” While
alternative models based on risk differ-
ences across firms may help to explain
cross-sectional differences in implied
discount factors, the estimated variation
over time in those discount factors for
“constrained” firms is too large to rep-
rescnt shifts in default risk (see Whited
1992; and Hubbard, Kashyap, and
Whited 1995).

4E. Links Between Cash Flow and
Investment in Non-Value-
Maximizing Firms

The empirical tests discussed thus far
treat the effect of cash flow on invest-

—_—
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ment as mitigating a higher shadow cost
of external funds. Alternatively, man-
agement’s use of internal funds for non-
value—maximizing projects may suggest
a connection between changes in net
worth and corporate expenditures (in-
cluding capital spending), holding con-
stant investment opportunities. For ex-
ample, the availability of “free cash
flow”—the difference between cash re-
ceipts and the sum of cash disbursec-
ments and spending on profitable in-
vestment opportunities—may raise
corporate investment independent of
underlying signals about expccted fu-
ture profitability (see the discussion in
Jensen 1986). The argument is difficult
to test directly owing to the unob-
servability of free cash flow. In the
cases for which the theoryv is correct, for
example, one could not use reported data
on investment to construct the measure.
One can, however, offer an indirect
test of the free cash flow model’s pre-
diction for capital spending by examin-
ing characteristics of firms with excess
sensitivity of investment to cash flow—
provided one can classify some sample
of firms as “mature,” with high average
profitability. Available evidence rejects
the notion that mature, low-payout
firms (those emphasized by the free
cash flow approach) account for the re-
jection of the frictionless neoclassical
model among low-dividend payvout firms
(see Hubbard, Kashyap, and Whited
1995). This evidence does not imply
that agency-cost considerations are un-
important in firms’ decision making.
Rather, such findings suggest that the
free cash flow storvy does not appear to
explain the link between net worth and
investment in plant and equipment.

5. Investment in a Range of Activities

Expanding upon the intuition of the
net worth models of investment, a firm

N
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facing a high cost of external financing
is likely to reduce its “investment” in a
broad range of activities, with relative
reductions determined by relative ad-
justment or liquidation costs. Below I
consider briefly applications of models
emphasizing capital-market imperfec-
tions to inventory investment. R&D,
employment, pricing and investment in
market share, business formation and
survival, and risk management.26

S5A. Investment in Inventories

One might easily argue that inventory
investment should respond more to
fluctuations in net worth than fixed
investment. As long as the costs of ad-
justing the stock of inventories are low
relative to the cost of adjusting the
stock of fixed capital. inventory reduc-
tions will be larger than the decline in
fixed investment in response to a fall in
net worth. One could explore this possi-
bility using quarterly firm-level panel
data available from Compustat. In this
setting, one could divide the sample by
firm size {as a proxy for information
costs) and investigate whether there are
larger effects of changes in net worth
on inventory investment, holding con-
stant other determinants of inventory
investment, for small firms than for
large firms. Alternatively, following the
fixed investment studies, one could
classity firms according to more direct
indicators of information costs—such as
whether the firms have a bond rating.
Findings that fluctuations in intcrnal

26 Though not discussed here, analogous model-
ing techniques could be developed to link house-
hold net worth to the demand for consumer dur-
ables. If consumers need to self-insure against
shortfalls in earnings because of incomplete insur-
ance markets, the requirement of “precautionary”
asset holdings may induce an excess sensitivity of
durables spending to asset position. Indced, there
is evidence linking houschold spending on dur-
ables to balance sheet variables (see, e.g.. Frederic
Mishkin 1978; and Eun Young Chah, Valerie Ra-
mey, and Ross Starr 1995).
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funds have a larger effect on inventory
investment, all else being equal, for
small firms or firms without bond
ratings (as in Robert Carpenter, Faz-
zari, and Petersen 1994) help explain
why inventory investment may appear
relatively insensitive to direct changes
in open market real interest rates (as
in Alan Blinder and Louis Maccini
1991), while responding significantly to
changes in net worth.

Other researchers have also explored
cross-sectional differences in the re-
sponse of inventory investment to shifts
in net worth, using Compustat data to
study determmants of inventory invest-
ment by firms with or without bond rat-
ings. Focusing on the 1982 recession, a
“low net worth” period. it appears that
inventory investment by non-rated
firms with no bond ratings was influ-
enced by the firms’ own cash holdings,
while inventory investment by rated
firms was not (Kashyap, Lamont, and
Stein 1994).°7 In subsequent “boom”
vears, they find little effect of cash
holdmgs on inventory investment for
either non-rated or rated companies.
These results are consistent with pre-
dictions of models in which low-net-
worth firms face more costly external fi-
nance in downturns (recall the analysis
in Section 2).

Finally, as noted earlier, one can ar-
gue that access to commercial paper
markets is an indicator of low informa-
tion costs and high net worth. One
could, then, compare the responsive-
ness of inventory investment to profits,
all else being equal, of manufacturing
firms with commercial paper programs

2" The bond rating classification could be an in-
dicator of whether th( firm is likely to be depon—
dent upon banks for external finance (as in

Kashyap. Lamont, and Stein). One can also inter-
pret the split as capturing roughly the low net
worth/high net worth distinction emphasized here
{see, e.g., Calomiris, Himmelberg, and Paul
Wachtel 1995).

to manufacturing firms without public
debt or commercial paper programs. A
finding that profits have a statistically
significant and cconomically important
impact on inventories only for firms
with no public debt is consistent with
models in which information costs are
important (for such a test and find-
ing, see Calomiris, Himmelberg, and
Wachtel 1995).

53B. RLD Investment

In contrast to the low costs of adjust-
ing inventories, estimated costs of ad-
justing R&D are very high, even rela-
tive to physical capital. In addition,
R&D informational asvimuetries are
likely to be particularly important. Be-
cause of high R&D adjustment costs,
R&D may not respond much to transi-
tory fluctuations in cash flow, thereby
reducmg the value of the conv entionally
estimated within-firm coefficient. One
could investigate this possibility for
small manufacturing firms” R&D expen-
ditures. Available evidence suggests
that within-firm variation in R&D
spending is explained substantially by
the within-firm variation in internal fi-
nance (sec the study of small—arguably
financially constrained—firms’ manu-
facturing expenditures during the 1980s
by Himmelberg and Petersen 1994). In-
dependent ('w(lence that internal funds
affect R&D spending. all else being
equal, can be found in studies using a
broader panel of R&D spending in a
panel of U.S. manufacturing firms (see
Bronwyn Hall 1992).

5C. Employment Demand

Under certain assumptions, one can
extend the results for investment de-
mand to employment demand. For ex-
ample, to the extent that labor is a
quasi-fixed factor (as in Roger Farmer
1985) or there is a lag between labor
input and production (as in Greenwald

——-
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and Stiglitz 1988), firms may need to
raise external fmancmg to finance labor
1nput. As a result, fluctuations in net
worth can lead to accelerator effects on
employment demand in ways similar to
their effect on fixed investinent de-
mand.

There is some evidence of net worth
effects (using measures of leverage as a
proxy) on employment demand.25> One
type of evidence finds negative effects
of leverage and debt service on employ-
ment, holding constant other determi-
nants of labor demand (see the studies
using panel data on U.S. firms by Can-
tor 1990; or on U.K. firms by Stephen
Nickell and Sushil Wadhwani 1991; and
Nickell and Daphne Nicolitsas 1995).
Another type of evidence finds that
highly leveraged firms, all else equal,
exhibit larger estimated elasticities of
employment with respect to sales over
the business cvcle (i.e., indicated at-
tenuated labor hoarding) than less lev-
craged firms (sce the study of U.S.
firms by Steven Sharpe 1994).

5D. Pricing and Investmment in Market
Share under Imperfect Competition

For imperfectly cowmpetitive firms,
pricing embodics another tvpe of in-
vestment decision. One line of inquiry
considers that raising prices may bolster
current profits at the expense of lost fu-
ture sales and profits.?” Whether it is in
the firm’s interest to do so depends on
the firm’s discount ratc. A higher dis-

25 All else being equal, more highly leveraged
firms have lower net worth relative to their de-
sired capital stock. Henee such firms may be more
likely to be in the range of net worth in which
changes in net worth affect investment. Lolding
constant investment opportunities. One dxfﬁcult\
with such tests is that one must isolate changes in
leverage that are uncorrelated with changes in in-
vestment Opportulutlt s.

291t is also possxb]e that firms facing financing
constraints cut prices {i.e., run a “fire saﬁe ) dutmg

eriods of low dmnand This alternative channel
Eas been less explored in the literature.

’»
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count rate implies that the firm places
lower weight on future cash flows rela-
tive to current cash flows. In this con-
text, a firm facing a high cost of exter-
nal financing discounts future profits
more heavily, leading it to raise current
prices. This reduction in investment in
market share in the presence of capital-
market imporfections is analogous to
the reduction in investment in fixed
capital and inventories by financial con-
strained firms. A corollary prediction is
that markups for constrained firms
should be “countercyclical”—rising in
periods when cash flow falls and falling
in periods of rising cash flow (see. e.g.,

Judith Chevalier and Scharfstein 1995,
1996).

A number of recent empirical contri-
butions have provided evidence bolster-
ing the idea that financing constraints
affect pricing decisions of imperfectly
competitive firms. In industries in
which leveraged buyouts occurred most
frequently (as a proxy for the degree of
financial constraints), prices rose, all
else being equal, subsequent to the lev-
eraged buyouts (Gordon Phillips 1995).
Focusing on a single industry, one could
study pricing during a recession (implic-
itly assumed to be a period of low net
worth). Evidence that prices rise more
in highly leveraged firms than in others
would be consistent with the financing
constraint channel (sce the study of
pricing by supermarket chains during
the 1990-1991 rccession by Chevalier
and Scharfstein). Such tests collectively
suggest the importance of net worth for
firms’ intertempora] decisions about
pricing (investment in market share) as
well as investment in fixed capital or in-
ventories.

5E. Business Formation and Survival

Most of the empirical studies of links
between changes in net worth and in-
vestment have used data on publicly
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traded firms that have operated for
some time. To the extent that informa-
tion costs are highest for young firms, it
is desirable to examine the role of fi-
nancmg constraints in mﬂuencmg en-
treprencurship and business formation.
Potential research programs here in-
clude: (1) developing and estimating be-
havioral models of entreprencurial
choice under financing constraints; and
(2) estimating effects of net worth on
entrepreneurial choice and entrepre-
neurs’ investment.

In the first case, evidence based on
data from the National Longitudinal
Survey of Young Men suggests that bor-
rowing constraints bind for entrepre-
neurs, who are limited to a capital stock
that is no more than approximately one
and one-half times their net worth (see
David Evans and Boyan Jovanovic
1989).

In the second case, researchers must
identify a change in net worth not cor-
related with a change in entrepre-
neurial opportunities. Inheritances ap-
proximate a “natural experiment” in
which a potential cntrepreneur’s net
worth changes with no corresponding
shift in investment opportunities. It is
possible to use houschold tax return
data (including Schedule C information
on unincorporated business income) to
study the connection between the re-
ceipt of an inheritance and the decision
to start an investmment in a sole pro-
prietorship. Available evidence suggests
that, consistent with models of financ-
ing constraints, the receipt of an inheri-
tance has a significant effect on the
likelihood of becoming an entrepreneur
(see the studv of data for 1981 and 1985
for a group of household heads receiv-
ing inheritances in 1982 and 1983 by
Dounglas Holtz-Eakin, David Joulfaian,
and Harvey Rosen 1994). In addition,
once the individual becomes an entre-
preneur, an inheritance has both a sta-

tistically significant and economically
important impact on the amount of
capital used by the business.

5F. Risk Management

To the extent that information and in-
centive problems lead to costly external
financing, firms have an incentive to
manage fluctuations in net worth (e.g.,
in internally generated cash flows),
which can be used to make value-en-
hancing investments. That is, a firm’s
exposure to idiosyncratic risk is no
longer innocuous for investors. One di-
rect means of insuring the availability of
internal funds is through precautionary
retention of funds in stocks of working
capital or “slack” (sce also the discus-
sion in Section 5A above).

Another route is the development of
“risk management” strategies, using de-
rivative markets to hedge fluctuations
in cash tflows. Hedging strategies can be
used, for example, to reduce exposure
to interest rate risk (and resulting fluc-
tuations in debt service burdens and in-
ternal net worth) or (‘xchange rate risk
(and resulting fluctuations in profits
carned abroad).3¢

Finally, informational imperfections
and costlv external financing may sug-
gest a role for internal capital markets
in the capital allocation process. Inter-
nal capital markets differ from external
capital markets because the internal
capital markets provide the senior man-
agers with residual rights of control
over the firm’s assets (see Robert Gert-
ner, Scharfstein, and Stein 1994). These
control rights provide the firm’s senior
managers with increased monitoring in-
centives, as they get more gains from
monitoring. Accordingly, one would ex-
pect higher firm value when the inter-

30 Such strategies for firms facing costly external
financing for investment programs ha\e een ana-
lyzed by Froot, Scharfstein, and Stein (1993, 1994)
and F root (1995).
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nal capital market has a significant in-
formational advantage over the external
market. Empirical evidence indicates
that returns to acquirers from acquisi-
tions were higher in the 1960s (when
external capital markets were arguably
less developed) than in the 1980s (Hub-
bard and Darius Palia 1997).

6. Implications for Analysis of
Monetary and Fiscal Policy

The significance of differences in the
costs of external and internal financing
in a range of investment decisions has
implications for the ways in which we
evaluate effects of monetary and fiscal
policy. Conventional analysis of how
monetary or tax policy actions influence
investment decisions follows the logic
of the frictionless ncoclassical model:
To the extent that policy actions affect
the user cost of capital, they affect in-
vestment demand. The models analyzed
here suggest an additional channel: To
the extent that policy actions affect the
net worth of borrowers facing informa-
tion costs, they may produce an ampli-
fied effect on investment.

6A. Monetary Policy

The crux of models of information-re-
lated financial frictions is a gap between
the cost of external and internal financ-
ing for many borrowers. In the tradi-
tional “money channel” analysis, mone-
tary policy 1mpl(>1nonted through open
market operations affects real interest
rates (in the short run) and the user
cost of capital, thereby influencing in-
terest-sensitive spending. An increase
in real interest rates raises the height of
the supply-of-funds schedule in Figure
1. In the absence of information costs,
the increase in interest rates increasc
the user cost of capital, and marginal in-
vestment projects are foregone. Models
incorporating information-related capi-

tal-market imperfections highlight in
addition distributional consequences of
policy actions, because the shadow costs
of financing respond differently for dif-
ferent types of borrowers. It is no
longer necessarily the case that invest-
ment projects foregone as a result of a
higher user cost are the least efficient.
Two such channels have been empha-
sized beyond the conventional money
channel: financing constraints on bor-
rowers (balance sheet channel) and the
existence of “bank-dependent” borrow-
ers (bank lending channel).

The first channel follows directly
from the intuition of models emphasiz-
ing net worth: An increase in the real
interest rate raises borrowers  debt-
service burdens and reduces the pres-
ent value of collateralizable resources,
thereby reducing net worth and increas-
ing the marginal cost of external financ-
ing. This diminishes firms  ability to
carry out desired investment and em-
ployment programs. This balance sheet
channel describing effects of rising in-
terest rates on investment through ef-
fects on borrowers’ net worth has a long
pedigree, and was discussed originally
by Fisher (1911).

Contractionary monetary policy raises
the cost of cxternal financing more for
constrained firms—which experience
both a higher real interest rate and
an increase in the spread between the
cost of external and internal funds—
than for unconstrained firms—which
experience only the higher real interest
rate. Accordmglv investment bV con-
strained firms should fall relative to
that by unconstrained firms, all else
being equal. Quarterly data are more
likely to capture the timing of policy
shifts than the annual data contained
in Compustat or Value Line data sets.
The Bureau of the Census’ Quarterly
Financial Reports data report income
and balance sheet information similar to
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that in Compustat for various size
classes of firms.

Studies grouping firms according to
size can be thought of as sorting firms
by net worth (associating larger firms
with higher levels of net worth) or by
information costs (associating larger
firms with lower information costs of
uncollateralized lending). Such size
class data make it possible to consider
differences in “small” firm and “large”
firm classes” responses to a monetary
contraction, measured, for example, by
federal funds rate innovations. Using a
small firm/large firm distinction to rep-
resent differences in the cost of exter-
nal financing, Gertler and Gilchrist
(1994) employ as a cutoff for small
firms the 30th percentile of the distri-
bution of sales. They find that small
firms’ sales. inventories, and short-term
debt appear to decline relative to those
for large firms over a two-year period
following a momnetary tlcrhtenlng, results
consistent with the financial accelerator
approach. Effects of shifts in monetary
policy on the small-firm variables are
more pronounced in periods when the
small-firm sector as a whole is growing
more slowly, also consistent with the
analytical approach in Section 2. Such
results, which are very much in the
spirit of tests of cross-sectional differ-
ences in financing costs in studies of
fixed investment. have borne out for
fixed investment using the same data
(sce Stephen Oliner and Glenn Rude-
busch 1996).

The model presented in Section 2
suggests that changes in information
costs of screening and monitoring affect
the cost of external financing and in-
vestment. To the extent that banks are
the low-cost monitors for certain kinds
of lendings, the ability and willingness
of banks to lend may influence the level
of investment. The bank lending chan-
nel to which I referred stresses that

some borrowers depend upon banks for
external funds, and that certain mone-
tary policy actions can have a direct im-
pact on the supply of loans. A review of
studies analyzing this question is be-
yond the scope of this paper.”!

6B. Tax Policy

Contemporary analysis of cffects of
tax policy on investment emphasizes
channels through which tax parameters
affect the marginal user cost of capital.
Likewise in the ¢ theory, changes in in-
vestment tax credits or depreciation al-
lowances alter the equilibrium value of
marginal ¢. In the context of the simple

model illustrated in Section 2, when a
firm’s net worth is “high.” these same

channels are operative in models em-
phasizing information costs.

However, tax policy can have addi-
tional effects on decisions of firms with
low levels of net worth.32 In particular,
the quantity of internal funds available
for investment is supported by the aver-
age tax on earnings from existing proj-
ects. In this sense, average as well as
marginal tax rates faced by a firm will
affect its investment decision (see Faz-
zari, Hubbard, and Petersen 1988b). In
the model of Section 2. an increase
in the firm’s average tax rate lowers
the firm’s collateralizable internal re-
sources, shifting the upward-sloping

31 In these models, the health of financial inter-
mediaries can be 1mp0rtant for long-run growth.
Ronald McKinnon {(1973) and others ha\(’ sug-
gested that the health of financial mtormedmrnes
mﬂuc nces both the quantity and quality of invest-
ment and hence economic growth. Just as the
short-run implications require thc difficult task of
identifying cxogenous changes in intermediated
lending, it is difficult for researchers to identify an
exogenous increase in the development of the fi-
IldIlCldl system. There is some cmpirical evidence,
however. to indicate that financial development
contributes to economic growth {see Robert King
and Ross Levine 1993).

32 For theoretical discussion, see Greenwald,
Stiglitz, and Weiss {1984) . Gertler and Hubbard
(1988), and Calomiris and Hubbard (1990).

’__
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portion of the S curve in Figure 1 back
to the left and increasing the shadow
cost of financing additional investment.
While much of the empirical litera-
ture studying the link between internal
funds and investment indircctly sup-
ports the idea that average tax burdens
affect investment, some studies have
addressed tax considerations more di-
rectly. Again, one strategy is to use firm
tax pawnents as an instrumental vari-
able for cash flow, because corporate
tax payments are ouly imperfectly cor-
related with current prohti Second, 1
noted earlier that in the experiment of-
fered by the undistributed profits tax in
1936-1937 in the United States, firm
investment is sensitive to cash flow,
holding @ constant, only for firms pay-
ing high ex ante rates of surtax on re-
tained earnings. The literature investi-
gated here does not suggest that policy
makers should bias the tax code in favor
of internal financing for all firms. For
example, policies that augment internal
funds may encourage managers con-
cerned, say, with corporate size as well
as the valuc of shareholders’ claims (re-
call the discussion of agency problems
in Section 4). As long as the market for
corporate control is efficient, however,
overinvestinent in low-marginal-¢ proj-
ects should lead to takeovers and the
elimination of wasteful investment.

Conclusions and Directions for
Future Research

Empirical studies of firm investment
provide strong support for the basic
predictions of links between changes in
net worth and investiment arising from
information problems in financial mar-
kets. For many firms in the economy,
available evidence is consistent with: (1)
a gap between the cost of external and
internal financing: and (2) a positive
relationship between the borrower’s

spending and net worth. holding con-
stant underlying investment opportuni-
ties. While much of the literature ana-
lyzes  determinants of investment in
plant and equipment spending, these
implications have been examined in re-
search on inventory investment, re-
search and development. employment,
business formation and survival, pric-
ing. and corporate risk management.

While there is relatively widespread
agreement on the role of financial fric-
tions in the investment decisions of
some firms, there is less agreement on
the magnitude of that role. Three chal-
lenges are likely to figure prominently
in the extension of this line of rescarch:
(1) analyzing the link between internal
resources and the shadow cost of exter-
nal financing in models of decisions in
individual firms and industries; (2) esti-
mating the importance of the financial
accelerator for aggregate investment
fluctuations: and (3) incorporating fi-
nancing constraints in models of irre-
versible investment to explore their in-
cremental effect on firms® required
rates of return on investment.

Models emphasizing a role for inter-
nal funds in the investment process,
holding constant investment opportuni-
ties, describe decisions by individual
firms. Most of the empirical studies re-
viewed here rely on firm-level panel
data to amalyze the models’ implica-
tions. Given the debate over whether
these studies have adequately con-
trolled for investment opportunities in
attempting to isolate links between in-
ternal net worth and investment, the
first key arca for extension is the devel-
opment of a greater body of evidence
on decisions by individual firms and
firms within a given industry. For the
former, firm-level case studies of deter-
minants of reqmred rates of return
(“hurdle rates”) are likely to be instruc-
tive. For the latter, studies of the role
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played by financing constraints in the
development of an industry would be
useful .33

Going the other direction in level of
aggregation, the second principal area
for future research addresses implica-
tions of internal funds models of invest-
ment for aggregate investment fluctua-
tions. While much of the applied
research on these models has been con-
ducted by specialists in industrial eco-
nomics or public €Conomics, macro-
economists have long been interested in
approaches describing accelerator ef-
fects in the investment process. Recent
empirical studies suggest that a signifi-
cant fraction of manufacturing fixed in-
vestment or inventory investment is
likely accounted for by firms argued to
be financially constrained (see Fazzari,
Hubbard, and Petersen 1988a; Gertler
and Gilchrist 1994; Bernanke, Gertler,
and Gilchrist 1996; and Gilchrist and
Egon Zakrajsek 1995.) Future research
could productively examine the role of
financial factors beyond the influences
on manufacturing firms (the focus of
most of the studies using micro data)—
in housing, construction. or wholesale
and retail trade (for preliminary efforts
see, e.g., Bernanke and Gertler 1995).

The third area of future research is
methodological. The empirical litera-
ture studying effects of capital-market
imperfections on investment has relied
on formulations of the basic neoclassi-
cal model, usually assuming convex
costs of adjusting the capital stock. The
g. user cost of capital, and Euler equa-
tion approaches can all be derived from
the same intertemporal maximization
problem, given common assumptions
about technology, competition, and ad-
justment costs. An important reccnt
line of inquiry focuses on modeling and

33 Earlier industry-level studies include those
for agriculture (Hubbard and Kashyap 1992); and
oil (Peter Reiss 1990).

testing the effects of irreversibility and
uncertainty on firms’ investment deci-
sions (see, for ecxample, the excellent
survey by Robert Pindyck 1991). Neo-
classical models implicitly assume that
there is an efficient secondary market
for capital goods, so that irreversibility
is not a problem. In addition, invest-
ment opportunities facing the neoclassi-
cal firm are once-and-for-all opportuni-
ties. To the extent that investment is
irreversible, making an investment ex-
tinguishes the value of the call option of
delay. In this approach, the value of the
lost option is a component of the oppor-
tunity cost of investment. In the termi-
nology of the ¢ framework, the thresh-
old criterion for investment requires
that ¢ exceed unity, by the value of
maintaining the call option to invest. As
a consequence, high hurdle rates may
be required by corporate managers
making investment decisions.

Indeed, at least part of the interest in
option-based investment models is the
problem raised in many empirical stud-
ies that the response of investment to
changes in ¢ or the user cost of capital
are implausibly small (or, equivalently,
that adjustment costs are implausibly
large). As with the option-based mod-
els, the models of financing constraints
reviewed here predict ranges of inac-
tion; that is, ¢ can fluctuate in a given
range with no (or an attenuated) re-
sponse of investment. As discussed ear-
lier, the “range of inaction” in this case
can be explained as follows. For firms
with high levels of net worth relative to
investment opportunities, the neoclassi-
cal model holds. and shifts in ¢ or the
user cost of capital change desired in-
vestment. For firms with low levels of
net worth, costs of external financing
vary inversely with the level of net
worth: When a borrower’s net worth im-
proves, lenders become more willing to
lend, and additional investment can be

—-
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financed. Hence, while shifts in net
worth affect investment in such firms,
observed movements in ¢ or the user
cost of capital may not.

Additional research on firm-level in-
vestment decisions could attempt to
distinguish between the prediction of
neoclassical models augmented by in-
formational imperfections on the one
hand and option-based models on the
other hand.?* Such an integration might
proceed in two steps: (1) analyzing ef-
fects of financing constraints in the con-
tinuous-time stochastic-process models
employed in the options-based models;
and (2) deriving empirical tests to dis-
criminate between the “range of inac-
tion” predictions of the two classes of
models. In the latter case, for example,
one could study industries in which in-
vestments are largely irreversible and
examine whether firms® hurdle rates
still vary according to predictions of
models emphasizing financing con-
straints on investment. Conversely, one
could examine whether, in industries in
which investment is not irreversible
(e.g., industries in which equipment
investment is dominated by machine
tools for which efficient secondary mar-
kets exist), hurdle rates vary in the ways
predicted by the models surveyed here.
Finally, matching plant-level and firm-
level data would help researchers dis-
criminate between ranges of inaction
for investment predicted by models of
irreversible project investment and mod-
els of financing constraints on firms.

To summarize, the existing empirical
literature analyzing financial factors in
investment decisions has produced a
number of findings suggesting the sig-
nificance of capital-market imperfec-
tions for firm decisions. Nonetheless,
more research is needed to isolate the

#For an excellent discussion of the potential
complementarity of the two approaches. see Ri-
cardo Caballero {1997).

sources of capital-market imperfections
that affect firm decisions. Progress in
this regard is likely to require careful
analysis of individual firms’ decisions.
Such analysis. as well as consideration
of results from the areas for future re-
search discussed above, will likely de-
termine the extent to which researchers
in macroeconomics, corporate finance,
and industrial organization apply and
extend the predictions of the literature.
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