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Abstract: Problem statement: Previous studies (primarily employing goodnesgitotests) have
found it difficult to provide clear and direct eeidce that taxes and the interest rate have a strong
influence on investmenBpproach: The objective of this study was to test whetherdbst of capital,
which includes taxes and the interest rate, affestestment. This study used the Euler equation for
investment, the Generalized Method of Moments egttimand the associated test of overidentifying
restrictions (J statistic). Specifications inclugliand excluding components of the tax system were
estimated and the resulting J statistics were coedpaThis study also examined two potential
problems with measuring another component of th& ob capital (the interest rate): (1) risk; (2)
finance constraints. To examine the second isbeeEtler equation is modified by parameterizing the
Lagrange multiplier on the finance constraint. Thedels with and without finance constraints were
compared using a Newey-West tdesults: Including taxes in the investment Euler equatiesuced
evidence of misspecification. In particular, indhgl the investment tax credit, the corporate tae ra
and interest deductibility, respectively, all lead lower J statistics than omitting these tax
considerations. Using a risky interest rate instefathe risk-free interest rate makes little diéfiece.
The Newey-West test rejected the model withoutrfo@a constraints. Parametric estimated of the
model with finance constraints suggest that vanegiin the tightness with which finance constraints
bind lead to substantial variation in the effectdiscount rate. Taxes continue to matter in the ehod
that incorporates finance constrain@onclusion: The results suggested that the cost of capital
(specifically, the tax system) influences investirend finance constraints are important.

Key words: Investment,corporate taxation, cost of capital, specificati@sts, investment Euler
equation

INTRODUCTION the fact that the accelerator model which allowsale
for the cost of capital, tends to fit just about vesl|

Economists frequently emphasize the role of pricegPindyck, 1991). On the basis of tests using the
in determining the allocation of goods. In the case neoclassical approach, it has therefore been diffto
investment, the relevant price is the cost of e@dpit persuade skeptics that the interest rate and teexes a
which reflects the interest rate and taxes. Suniig, strong influence on investment.
it has been hard to find clear evidence that thst 0b Many economists prefer the Q model on theoretical
capital affects investment. grounds because it takes advantage of market prices

The first generation of tests were based on théspecifically, the stock market value of firms)dapture
goodness of fit of different investment models. Theexpectations (Chirinko, 1993). Initial empirical &o
neoclassical investment model pioneered by Jorgenséased on the Q approach was promising in that it
and others emphasized the role of the cost of alapit suggested an important role for taxes (Summers])198
Especially when the neoclassical model includeg lon As time has passed, enthusiasm for the Q model has
distributed lags, it tends to fit the data wellggasting diminished noticeably, partly because of its poor
that the cost of capital influences investment.sThi empirical performance (Abel and Blanchard, 1986).
interpretation has been criticized, however, beedns Movements in Q generally explain only a small part
the neoclassical model, tax variables enter togetitt  the variation in investment. The unexplained porti®
output. Since investment is strongly correlatedhwit highly serially correlated, particularly in aggrégaata.
output, there is some concern that entering thé @bs The estimated adjustment costs imply that the i@act
capital in combination with output exaggeratesnble  of investment to tax changes is extremely slowaliyn
of interest rates and taxes. This concern is regefbby  variables which should not matter according to the
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standard Q theory significantly affect investment.poorly estimated because they are not stable péeesne
Beyond the poor empirical performance of the Qbut are themselves functions of the interest raig a
model, it is subject to the same critique as theaxes. In other words, this may be a situation rictv
neoclassical model, namely that the effect of taigses the Lucas critique is of substantial practical imipoce.
measured indirectly. The tax variables are incaajeat In principle, the Q approach uses a more
in the construction of Q, so tax rates enter insophisticated strategy which is consistent withoret
combination with other variables. Since most of theexpectations. If the stock market is efficientlie sense
variation in Q comes from stock market prices, thethat the stock market price corresponds to theeptes
estimated effects of taxes may be piggybacking oRgjue of the firm’s future earnings, the Q approach
stock prices. , could work very well. If the stock market is not
This study pursues a different approach (Ogficient (in this rather restrictive sense), Q mg
determining whether the cost of capital aﬁeCtsmeasured with error and the estimated coefficiémts

Investment. .Th's approach focuses on the E.L”e{he Q investment equation could therefore be biased
equation for investment and draws on the Genexalize For heuristic reasons, we discuss the measurement

Method of Moments estimator proposed by Hanse . . -
prop y error issue in terms of stock market efficiency.efieh

(1982). In particular, this study uses the assediat h h h iaht b
specification test as a way of testing whetherairthe are many O'_[ er reasons, however, why Q mig t be
measured with error.). In fact, empirical studiesng

cost of capital affects investment (Hubbard andhyap, ) : - .
1992; Whited, 1992). A prior paper that uses thdhe Q approach yield estimated adjustment coststwhi

investment Euler equation to test for the effedhefcost ~ are economically implausible.

of capital -- and specifically taxes -- is Deveraal. ~ The Euler equation approach is based on the
(1994), who use a slightly different approach andinsight that the firm’s problem is recursive. Asifpas
completely different data. the firm makes the optimal tradeoff between investm

The details of the specification test are somewhatoday and investment tomorrow, it will choose thene
technical, but the key idea is very intuitive. Unde time path for investment as it would if it based it
rational expectations, the error term in the Eulerdecision on the whole future stream of expected
equation should reflect expectational errors armilsh ~ Marginal products of capital. The informational
therefore be orthogonal to information availablettie ~ requirements (both for the firm and the economietnic
previous period. If the Euler equation is misspedif ~Of predicting the next period are much less stimge
perhaps because tax variables have been omitted, tfhan those for predicting the entire future streafm
error term will contain more than expectationaloesr ~ Profitability. For the econometrician, this is withe
and may therefore be correlated with tax ratestoero ~ Euler equation offers greater promise of clearltesn
information available in the previous period. Theest  the role of the cost of capital.

presents a new type of evidence on the role oftaxel This study applies the Euler equation approach to
interest rates (The J test is also frequently refeto as  Panel data on Canadian firms over the period 193-8
the Sargan test). The use of panel data is potentially important tigo

There are good reasons for thinking that the Euleféasons. First, there are theoretical reasons (and
equation approach has a better chance of providin§mpirical evidence) which suggest that some of the
clear evidence on whether the cost of capital #ffec apparently sluggish response of investment to afgng
investment. The most important reason is that tlerE  in the cost of capital arises from aggregation @art
equation approach is superior in the way thatridhes ~ and Caballero (1994), who argue that aggregatentigsa
expectations. Economists believe that investmengshould be interpreted as unsynchronized irreversibl
spending depends on the expected future stream d#ivestment decisions by heterogeneous firms, rattzer
income generated by a new unit of capital. Thisepos in terms of a representative-agent framework. gsin
both the firm and the econometrician with a difficu Panel data on US firms, Schaller (1990) finds that
problem: The future is unknown and hard to predict. ~@dgregation is responsible for spurious evidence of

The neoclassical approach fails to satisfactorilydynamic misspecification and at least partiallyoesible
address this problem; instead, it uses an ad hol® high estimated adjustment costs.). Second, atiot
approach based on adaptive expectations. In pragmatirms are in the same position with respect to tzapi
terms, this approach may obscure the effects of thEarkets. Again, both theoretical models and emgiric
interest rate and taxes because it includes maygeth ~ €vidence suggest that this is important in undedstay
values of variables. The estimated coefficient¢hmse ~ the response of investment to changes in the dost o
lags lack a clear structural interpretation and rbay capital (Fazzaret al., 1988) was a pioneering paper in
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the recent literature; Gertler (1988) providesmeyand interest rates and inventories. Kashgagl. (1994) find
further references on the theoretical literature). that this may also be due to finance constraints; i

The main empirical conclusion of this study isttha particular, they suggest that the spread between th
the cost of capital influences investment. In paltr, interest rate on bank loans and other types ofdimg
the J statistics are larger (implying greatermay widen at times of tight monetary policy, implia
misspecification) when taxes are omitted. Theselt®s mych greater increase in financing costs for fimhsch
provide an entirely new type of evidence that taxegely heavily on bank loans for working capital thaould
affect Investment. . , . be suggested by securities market interest rates).

The specification test evidence is not subject 10 14 et the idea that binding finance constraints
many of the criticisms which have been made Ofye|s 1o explain why it has been difficult to findsaong
previous studies. The entire specification is @i |ihk petween the cost of capital and investmeng th
denyed from the optimization probler_‘n of the firn. original model is extended to incorporate borrowing
particular, no lagged values of variables have beeRqngiraints into the firm's optimization problemhid
arbitrarily added. Even more important, the evi#®an o545 10 a new empirical specification for the Eule

the role of taxes comes from a comparison Ofyqation. Controlling for finance constraints (bsing
specifications in which tax terms are included Orye new Euler equation) dramatically reduces the J
excluded. The evidence on the role of taxes isefoe8  giaiisiics. The new specification also allows us to
direct; it does not arise because taxes enter i, ametrically estimate the magnitude of the wedge
combination with other variables, such as output Ohetyeen the shadow cost of financing and the market
stock market prices, as in previous empirical ®8di jnterest rate. It turns out that a relatively smeilange
based on the neoclassical or Q models. in the firm’s environment leads to a change in the
The very fact that the Euler equation approachspadow cost of financing of more than 700 basistsoi
allows tax terms to be entered separately may t®lp this compares to an average real interest rat@tobver
account for the relatively clear evidence on thet@d  the 1973-86 sample period.
capital presented in this study. In the neoclassica  The study is structured as follows. In the section
approach, tax provisions (such as the investment taentitted “Materials And Methods,” we derive the
credit) enter in combination with the interest rdtdvas  investment Euler equation. In the section entitled
sometimes been argued that the difficulty in mdagur “Results,” we do three things. First, we present
the interest rate is a key reason for the weakeewid  specification test results for the investment Euler
on the cost of capital. Two possible problems inequation in which tax considerations are eitherttmui
measuring the real interest rate are the diffiealtin ~ or included. Second, we explain why the shadow
modeling inflation expectations and the choiceiskr interest rate diverges from the market interest it
premium. This study provides some evidence thatethe finance constraints bind, illustrate why this magd to
problems are not very important, but that thereais rejection of the investment Euler equation andwveean

much more serious problem in measuring the relevarfiltérnative investment  Euler — equation  which
interest rate incorporates finance constraints. Third, we present

empirical estimates of the Euler equation whiclowall

for finance constraints. In addition, we test wieeth
taxes affect investment even after allowance ha&s be
made for finance constraints. In the section etitl
‘%Mscussion," we summarize the main empirical réesul

In a world of symmetric information, the
Modigliani-Miller theorem applies: A firm choosets i
desired investment and then, if it does not hawagh
internal financing to carry out the project, raidbe
necessary funds on the capital market. In standar
theory, investment therefore depends on the marke
interest rate. A new theoretical literature has MATERIALSAND METHODS
emphasized the role of asymmetric information and
how this can lead to finance constraints on firithen ~ Derivation of empirical specification: Here the Euler
a finance constraint binds, the shadow cost o'h'm'ng equation which will be used in the econometricsést
can diverge from the market interest rate. Sinigtihe ~ derived. Before starting the derivation, it mayuseful
shadow cost of finance which determines investmentlo emphasize why the Euler equation approach may
the usual cost of capital variable (which is laygel have a better chance of capturing cost of capitatts
driven by the market interest rate) will performopg ~ than other approaches. Because the Euler equation
in explaining investment (Studies on inventory represents a period-to-period arbitrage conditioe,
investment have also found little relationship estw need only model expectations of the next periodtime
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entire future stream of marginal products of cdpita In order to allow for a simple form of imperfect
Moreover, under rational expectations, we can cepla competition, this study assumes a CES demand @mcti
expected values with actual values plus an expentat (p = Y¥) where Y is output.

error (Although it is not obvious how we could tés¢
assumption of rational expectations, we can at less
the joint hypothesis of rational expectations pthe
specification derived from our model. As we adjilnt

Since the dynamic optimization problem of the
firm is well known, only the first order conditions
which are relevant in deriving the empirical
specification are described. The first order caadifor

specification, we obtain evidence on how much ef th capital is:

tendency to reject the joint hypothesis is duesjpeats

of the model other than rational expectations.). By@d—T)A-WR R, — (-1 )G, ~AT+ BB (3 ), = ((4)
simplifying the problem of modeling expectationise t

Euler equation approach has the potential to stipy ~ where, Kl is the Lagrange multiplier on capital. The
some of the complications which could account Far t first order condition on investment is:

difficulty in finding evidence that the cost of d&gb

matters. A =0-k -tz)R + (-1,)G, (5)
The unconstrained optimization problem for the
firm is: The first order condition for variable inputs is:

M ES R (0T R, FO6 by - G K gy TETYRE ©)

W, LifiaBial ~@ =Ky —T,z,)R'L, B, — By ] The first order condition for net new loans is:

st Kﬂj - (l_é)KHj_l + IHJ (2) 1 Bt [(l Tt+1)rt +l]_ 0 (7)
If the interest tax shield is omitted, the firm’s
Where discount factor is therefore equal to 1/(1+ r).
In order to empirically estimate these equatioves,
" must make assumptions about functional form. It is
R..=[]8 (3)  assumed that the production function is Cobb-Dajgla

i=te to allow for nonconstant returns to scale, a prtidac
function is assumed to be homogeneous of degree

Where where,n = ag+o.:
E = The expectations operator conditional on
information available at time t F(K,L) = K%L (8)
I = Investment in period t
B = The discount factor As is standard in the investment literature,
Ty = The corporate tax rate quadratic adjustment costs are assumed, spedcjfiofll
L, = Variable inputs the form:
o = The price of output
F(K, L) = The production function |32
Kt = The capital stock G(I,K):(—p(—j K (9)
G(l, K) = The adjustment cost function 2\K
Wi = The price of variable inputs ] . .
o = The price of investment goods where,@ is the marginal adjustment cost parameter. '_I'he
_ . ; assumptions on the form of the production function
ki = The investment tax credit rate - .
B ... imply that:
Z = The present value of future depreciation
allowances
re = The real interest rate on the firm's stock of RcK+RL=nF (10)
debt
B = The stock of one-period debt This allows us to express the value marginal
> = The depreciation rate product of capital as:
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(L= )pF, = (1-y)NpF_ (A-y)pEL equation with tax terms included and omitted. Iis th
K K K way, we can determine whether the inclusion of tax
_(@-y)npF_ wL (11) effects reo!uces evidenge of miss.pecification. .
K K Equation 12 describes the investment behavior of
_(@-ynpF_C firms. In particular, under rational expectationke
K K error term will simply be ¢ an expectation error and

should be orthogonal to variables in the informatset
at time t-1. As discussed above, this study usedMGM

. ; .~ estimation because it is based on this orthoggnalit
the Euler equation, take the following steps. First e ) . >
substitute the first-order condition for investmeémio restngtlon _an_d becaurse_ It permits us to tegtmtrpiled
the first-order condition for capital. Second, githge ~ OVer identifying restrictions. Consistent with thikie
in the functional forms which have been assumedinstruments are lagged values of the variables that
Third, rearrange the resulting expression so that t appear in the Euler equation (Specifically, the
terms associated with common parameters are groupégistruments are the t-2 values of pY/K, C/K, & I/K,
together. Finally, replace expectations with actuall/K)?and S. S is included to ensure that the instrument
future values plus an expectational error. Thifdgi¢he  set is the same for specifications here and when we

where, C is the cost of variable factors of proaturct
In order to derive the empirical specification for

following equation: allow for finance constraints (below). To eliminate
c fixed firm effects, the Euler is first-differencedhe
v g [P r@okonzod weighting matrix used in the GMM estimation is
@-t)B- ‘

adjusted for the MA(1) serial correlation introddday

K| (L-w)n _[ 1
first-differencing).

m](l_ B)(1- Ky ~TeaZes )P (12)
ol et
ke K, @t )|, The effective price of investment: According to
a5t )(2] standard investment models, the effective price of
K investment is:

C@-yn

where, ¢ is the expectational error. Under rational
expectations, this should be orthogonal to varglie
the information set at t-1.

It may be helpful to provide an intuitive It is possible to omit the investment tax credj (
explanation. The Euler equation is a period-tomerio and depreciation allowancesz) in estimating the
arbitrage condition with the following feasible Eyler equation. If these tax considerations acguall
perturbation interpretation: Holding the capitabc®  jnfluence investment spending, the Euler equatidh w

;:_or_lstantf '.? all Ot?er ptelglotds, a f[lrm V‘g" chotoshe_t then be misspecified and the tax terms will showirup
iming of its investment between two adjacent pisio y oo yer oine earession:

in order to equate the marginal costs and beregitsss

the periods. Under standard assumptions, the nargin
costs and benefits will be determined by the firm’'s
expectations of the price of investment goods dred t

(a- kt _tht)d (13)

C
1-1)-t+p -
L ( I)Kt P

(:I-_Tt)F>t Yt

corporate tax rate in the two adjacent periodsgmat K, (1-y)n 1
i i ' ———— |@-9)p.
adjustment costs, the interest rate and the mdrgina [1+ -t ] !
product of capital. In standard theoretical treatrsgit o
is the effective price of investment which mattefss 1-1.) IR 1
reflects tax provisions such as the investmentctexit ) YLK, LK, 1+@1-T1,.)", (14)
and depreciation allowances. S @-wn |
(1—5)(1—Tt+1)( ‘”j
RESULTSAND DISCUSSION K
1
Specification test results: Here empirical estimates of ~ _ 1 @@=k -tz)p, _[1+(1—T)rj
the Euler equation for investment (derived in Settl) Yo@-y)n R
are presented. The strategy is to estimate ther Eule (1=3)(1~ ks = TpaZ1 )Pt
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Table 1: Investment, taxes and the effective prfdavestment The third row of Table 1 includes the investment
o)t [(1—1‘ 1ot -, (1-3) M tax credit_(but not depreciat?or? allowances). Coraga
Ko @+mn K, with the first row, the J statistic drops from 3242.9.
9 {(1_T )[L_ 5['—‘]2}—13 (1-8) (17 )[hﬂ ﬂ: o This suggests that including the investment taxlicre
@-mn YLK LUK, ' Ky substantially improves the specification. The rssate
similar when both the investment tax credit and
® (L+mp J depreciation allowances are included; the J sitafesis
Neither 0.768 (1.149) 0.918 (0.013) 35.2 (0.0000) from 35.2-25.8 (As the second row of Table 1 sutsges

Depreciation allowances 0.766 (1.149) 0.916 (0.038)1 (0.0000) the J statistic rises slightly when depreciation
Investment tax credit  0.357 (0.795) 0.913 (0.012)920.0001)  gllowances are included; as later tables show résislt
Both 0.382 (0.813) 0.912(0.012) 258 (0.0001) ;¢ quite general. It is possible that this is due t
The estimation method is GMM. To avoid an econoimetr . -

misspecification from fixed firm effects, we firdtfference the prOble.mS with the Salinger ar]d Summers (1983)
equation. The weighting matrix used in GMM estiratis adjusted ~ technigue used to calculate z. It is not clear howest

for the MA(1) serial correlation introduced by fidifferencing. The  this Conjecture without better quality data on thee

instruments are t-2 values of Y/K, C/K, (8,1, 8, /K and (I/KY depreciation allowances for tax purposes).
Robust standard errors are presented in parenthesiesv the

parameter estimates. The J-test, which is descibethnsen (1982), . . . L
is distributed % with degrees of freedom equal to the number of Taxes, risk and the effective interest rate: The timing

overidentifying restrictions (i.e., g-k, where g ike number of of investment spending depends not only on the
instruments and k is the number of parameters). flmbers in  effective price of investment, but on the discofamtor
Ir();r:gtheses below the J statistics are their margignificance and expectations about the future. Tax poIicy can
matter for two reasons. First, the trade-off betwee
, ) ) , ) investing today and investing tomorrow dependshen t
Variables in the information set at time -1 m& b ¢qrporate tax rate today and the expected corptaate
correlated with these tax terms. If the error tésmot  yate tomorrow. Second, the corporate tax rate may
orthogonal to the instruments, the over identifyingaffect the interest rate which firms use in disdngm
restrictions may be rejected. The J statistic whesis  the future.
these restrictions is distributed® »ith degrees of Table 2 focuses on investment, taxes and the
freedom equal to the number of over identifyingeffective interest rate. In the first row, Eq. Baitered
restrictions, which is g-p, where g is the numbér oby removing the (I) and (1%..) terms everywhere.
instrument and p is the number of parameters. Sinc&his removes all taxes from the Euler equationthie

there are eight instruments and two parameterse the S€cond row, the corporate tax, investment tax teeu
are six degrees of freedom depreciation allowances are included. Adding thege

. . onsiderations improves the specification somewhat;
The a_bove discussion focuses on the case Whe.ﬁe J statistic falls from 27.2-25.8. In the thiov, the
standard investment models are correct. The test

) . ) fterest rate on T-bills is adjusted for taxes;oiter
symmetric, howgver; if standard mvgstment modeé:s a words, tis replaced with{(1-t;). This results in a more
wrong and the investment tax credit and depreciatio ghstantial improvement in the specification. Corega
allowances are irrelevant, omitting them will rerac&  wjith the second row, the J statistic drops fron82E.3.
source of misspecification and tend to redulce J It has long been argued that weak evidence on the
statistic. cost of capital may be due to problems in meastihing

Table 1 presents GMM estimates of the Eulerrelevant interest rate. The traditional explanation
equation. The first row is estimated with neithee t involve problems such as correctly adjusting the
investment tax credit nor depreciation allowancednterest rate for risk. To test this conjecturepl€a3
included in the effective price of investment. lther ~ 'EPOItS the same specifications as Table 2, exbept
words, the first row presents estimates of Eq. THe( the risk-free interest rate is replaced with a—adhust_ed
estimates in Table 1 exclude interest deductabiligy, rate (The results in Table 3 and 4) replace therést

. ) . . rate on 30 day T-Bills with the interest rate on&y
(1-9r in (14) is replaced by r. The effect of inclugin - goners Acceptances. Over the sample period, the

interest  deductability is examined below.). The Jmean spread between these two interest rates is 104
statistic  is 352, which  strongly  suggestspasis points.). Unlike adjusting the interest réte
misspecification: The marginal significance lever f taxes, this change has little effect on the speation
rejection of the null hypothesis of correct spegifion test. The J statistic in the first row of Table 8 i

is 0.0000. slightly higher than that in the first row ©éble 2.
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Table 2: Investment, taxes and the effective istenr@e (using a risk-
free interest rate)

Table 4: Investment, taxes and the effective prdeinvestment
(using a risk-adjusted interest rate)

t _ Yl 7&

-t 3 (1+m>n[(1 g >—+d B.(x 5)” At (l+m)n{(1 el el 6)@
2 2
| | | |
- | -B, (-8) (- M= - =B, (1-8)(1- N
(1+m)n{( ()[ E[K‘]j B, (1-8)( TM{KMH € (1+ m)n{( J[ S[K[)] B, (1-8)( T'”{Kmﬂ €
® (1+mn J 0] (A+mn J

None 0.473(0.870)  0.913(0.011) 27.2 (0.0001) Neither 0.933 (0.761)  0.919 (0.013) 34.6 (0.000)
Corporate tax, ITC, 0.382 (0.813) 0.912 (0.012) 82B.0001) Depreciation 0.896 (0.740) 0.917 (0.013) 35.4 (0.000)
and Dep. All. allowances
Above plus r/(1z) 0.133(0.601)  0.911(0.011)  19.3(0.0017) |nvestmenttax  0.581 (0.589) 0.914 (0.012)  23.800)
See the notes to Table 1 for the details of estotmaRobust standard  credit
errors are presented in parentheses below the ptearestimates. Both 0.539 (0.568)  0.913 (0.012) 24.4 (0.0005)

The number in parentheses below the J statistidsismarginal
significance

Table 3: Investment, taxes and the effective istar@e (using a risk-
adjusted interest rate)

Y, _ G
(l_T[)K‘ (l+m)l”||:( l) +’i Bl (1 5)%}
)V ) g s e )|
(1+ m)n {( - t)[ S[K‘j j B, (1-3)(: Ttﬂ{K(ﬂj} &

) (1+mn J
None 0.654 (0.583) 0.913 (0.011) 27.7 (0.0001)
Corporate tax, ITC, 0.539 (0.568) 0.913 (0.012) 420.0005)
and Dep. All.

Above plus /(1) 0.361(0.497) 0.912 (0.011)  19.2 (0.0038)

See the notes to Table 1 for the details of estomaRobust standard
errors are presented in parentheses below the ptramstimates.
The number in parentheses below the J statistidsismarginal
significance

The implications for taxes remain the same. Inclgdi
the corporate tax, the investment tax credit an
depreciation allowances reduces the J statistien fro
27.7-24.4; incorporating taxes in the discount dact
yields a further reduction in the J statistic to219
Adjusting the market interest rate for risk haseli
effect on the tests on the effective price of itwemnt.
Comparing the first row of Table 1 with the firswr of
Table 4, the J statistic falls only slightly frorf.2-34.6.

The main conclusions from Table 1 continue to hold:

including the investment tax credit (or both the

investment tax credit and depreciation allowances)

substantially reduces the evidence of misspecifinat

Summary: The
evidence that taxes affect investment
Adjusting the effective price of investment for éax
(especially the investment tax credit) substatiall
reduces evidence of misspecification. Adjusting th

results presented above prowde .
spendlng

See the notes to Table 1 for the details of estimaRobust standard
errors are presented in parentheses below the ptearastimates.
The number in parentheses below the J statistidsisnarginal

significance

combination with other variables (such as output or
stock prices), the evidence presented here istditec
comes from comparing specifications in which théon
change is omitting or including tax variables.

Finance constraints and the Euler equation: One
traditional explanation for the weak influence okt
cost of capital on investment is measurement arror
the market interest rate. This can be distinguidheuh
a more subtle problem; when firms face bindingriire
constraints, the shadow interest rate may diverge f
the market interest rate. Below, this is illustdatesing
the first-order conditions from the firm’s optimtian
problem. This section also illustrates how finance
onstraints might lead the investment Euler equatio
ail and how we can construct two types of testglis
possibility.

To capture the idea that, under asymmetric
information, firms may face finance constraints, we
consider the case where firms face a debt capacity
constraint. The first order condition for debt mstcase
is:

_Bt [(l_rt+1)rx +l]_0‘)t =0
w (B, -B)=0,w, 20

Where:
= The Lagrange multiplier on the debt constraint
= The debt limit of the firm

(15)

To see the intuition for this result, note thatewh
the constraint is not bindingp = 0. If the constraint

€does not bind, the discount rate is:

interest rate for taxes vyields a further substantia

reduction in the evidence of misspecification. Wali
many previous studies in which tax effectsad
to be inferred from tax terms which eate in

1

S TYTET

(16)
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When the constraint binds, the firm faces the lowe of the quantitative importance of finance constsin

discount factor: We can obtain a more informative test by
parameterizing the Lagrange multiplier on the endér
B = 1- (17) finance constraint. Finance constraints arise wifien
T internal net worth of the firm is insufficient t@wer its

desired investment spending. As the agency cosemod
of Gertleret al. (1991) illustrates, shocks to net worth
should be reflected in the risky spread (the rispgead
is defined as the difference between the inteetstron
two securities of equal maturity, one of which itwes
a greater degree of risk. In the empirical worle, tisky
spread is the difference between the interessrah

Another way to think of this is that when a firm
finds it difficult to obtain external financing, éhmarket
interest rate is a poor proxy for the shadow cdst o
external financing. The relevant discount rate ttoe
firm may be much higher than the market interet.ra

Of course, under symmetric information, prices wioul 30 day T-Bills and 30 day Bankers’ Acceptances)isTh

?féléslg t% ;:\Iliarsmewrl;n arukr? (;{IerB uat\:sy?nin? :z;?ilgziri‘g?ﬁgt? Onthe shadow cost of external financing should bateel

price adjustments may not be sufficient to cleaz th © (€ fisky spread. To capture this, we assummple
market. linear relationship:

This specification leads to a nice test for the
existence of finance constraints. If the firm faces
binding constraint on its external financing, Eg. vill
be misspecified; more precisely, the error willlooger ~ Where, $; is the risky spread. By substituting this
arise exclusively from the difference between dctuafunctional form for w, we can rewrite the Euler
and expected values. There will be an additionahte equation for the constrained case with the terms
which arises from the non-zero Lagrange multipiar  involving won the left-hand side:
the debt constraint:

W =Y, +Y,S, (19)

T L L (20)
C -1, Yt '
@-t)yt+A-k -1zl YKo @wn (a s o
(ER LA K (“u_,m)r‘ ](1 (o + 1S DA-B)0 K =02
UK @-wn| 1 L :
[1+ R ](l 8)(1- kg T‘+1Z|+1)d+1 e (1—1‘)[%‘[-5{%) } )
| . L (18) Conl -
(-1, )[Kitl_s[ﬁ] ]_[m] [7” T ]( (Vo +1,S.))a-3)¢ t)[K—]
T@-wn ) . _ _
(1—6)(1-r(+1)[ |I<1J We are left with an expectational error on théatig
N hand side which should be orthogonal to time t-1
L g O KTz B variables and should therefore pass a specificaéisn
“‘*[m] o I Moreover, the estimates gf tell us how large an effect
a-wn (1_5)(1_1‘*1)[@1] finance constraints have on the shadow cost ofmatte

financing (using this parametric version of the raxye
Variables in the information set at time t-1 may b cost model in US aggregate data, Gesfiet. (1991) find
correlated with this component of the error. Unther  that a 50 basis point increase in the risky spreaghly
null hypothesis of symmetric information (so firde  doubles the effective discount rate).
not face finance constraints), this specificatia i
correct; if firms are constrained, the specificatis =~ Empirical estimates of the Euler equation allowing
incorrect and may be rejected by a test of the ovefor finance constraints: Below we have two main
identifying restrictions (In  US aggregate data,objectives. First, it tests whether allowing fondnce
Gertler et al. (1991) reject the null hypothesis of constraints improves the specification of the it
symmetric information). Euler equation. Second, it examines whether inolgidi
Although the specification test described in thetax terms further improves the specification, eaéer
previous paragraph is elegant, it has two importangllowing for finance constraints.
limitations. First, rejection of the over identify
restrictions might be a result of other forms ofFinance constraints and the cost of capital: Under
misspecification. Second, rejection of the nullfinance constraints, the shadow interest rate ozrge
hypothesis is a statistical result; it gives uieisense from the market interest rate. To derive (20), the
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Lagrange multiplier on the firm’s borrowing constita The estimates of, imply that the shadow discount
was parameterized using the insight that shockseto rate diverges dramatically from the market interage.
worth should be reflected in the risky spread. Therpig suggests that the market interest rate mae s&s
coefficient which captures this effect is. If v1 is 3 poor proxy for the discount rate which firms use
positive, this suggests tha_t the shadow Q|scou_1_'tbrfa assessing tradeoffs between one period and the Inext
diverges from the ma.rket interest rate, since @ other words, there is an important errors-in-vdeab
taxes for the moment): . .

problem with conventional measures of the cost of
capital. It is well known that, in a linear regress
measurement error tends to bias the coefficienthen
error-ridden variable towards zero. To the extdwit t
) ) previous research on the cost of capital has used t
The first equality comes from Eq. 17 and themarket interest rate, the results in Table 5 sugges

second from Eq. 19. ) the failure to find strong evidence on the costajfital
Table 5 presents estimates of the Euler Eq. 20

. : : . ““may be attributable to finance constraints.
derived above, which allows for finance constraints :
: . . . A formal test which compares the over
The estimates of 1 g are positive and highly dtesily

significant, suggesting that finance constraintsdbiat !dentlfymg restrictions between two models which

least for some of the firms in the sample (Ng ano{;wolve a different number of parameters is desaib
Schaller (1996) find that finance constraints témdbind y Ngwey ano! West (1987). (For an example of an
more for firms which find it difficult to credibly €mpirical application, see Cochrane (1996)). The
communicate private information. This is consisteith  Intuition for the test is straightforward. If a meds
theoretical models which suggest that asymmetrid”correC“y specified, the J statistic will tendtie large;
information can lead to finance constraints. Fether the difference in J statistics between two models
discussion and references, the survey by Gert@8g)). ~ Provides a test  of whether the improvement in
The sign, magnitude and statistical significancey,of Specification is statistically significant (the tesquires
are robust to the inclusion or omission of taxthe same weighting matrix to be used in estimétioit
parameters. models; we use the weighting matrix for the

The estimated coefficient on the spread is 11.Qunrestricted model). The difference in J statistigs
(with a standard error of 3.5). To give a sensémf  distributed %, with degrees of freedom equal to the
large the effect is, consider a one standard dewiat number of omitted parameters. The model with no
increase in §; over the 1973-86 period, this is equal tofinance constraints involves two fewer parametsecs,
an increase of 65 basis points. Such an increatleein the test statistic has two degrees of freedom. t€ke
risky spread has the same effect on the shadowofost statistic is 16.9, which implies a marginal sigréfnce
finance as a 770 basis point increase in realdster level of 0.0002 (this value of the test statistic
rates. This increase in shadow cost is almost ttviee corresponds to the inclusion of the tax parameters
mean real interest rate of 4%. reported in the final row of Table 5).

:1_(*)1 :l_ (yo+y1$—1) 21
p = =2t (21)

Table 5: Finance constraints, taxes and the effegtiice of investment

Y, 1
a-1)2 -
YK, @+min

ool

A= 0 + .S ) 8)E T, {;ITJ

t+1

{(m Yo+ [—1j - 47, SIS mﬂ}

1+r,

(1+mn

Specification [0] (2+mn Yo \ J

Neither -0.783 (0.414) 0.918 (0.010) 0.080 (0.093) 10.32 (2.090) 13.5 (0.0092)
Depreciation allowances 0.847 (0.433) 0.916 (0.011) 0.079 (0.104) 10.85842) 13.8 (0.0081)
Investment tax credit -1.096 (0.534) 0.917 (0.012) 0.060 (0.129) 10.845 (2.997) 10.8 (0.0286)
Both -1.170 (0.575) 0.915 (0.012) -0.072 (0.150) 812 (3.513) 11.1 (0.0257)

See the notes to Table 1 for the details of estitmaRobust standard errors are presented in geses below the parameter estimates. The
number in parentheses below the J statistic imésginal significance
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Table 6: Finance constraints, taxes and the effeatiierest rate

LA S RN N (5 U P
-t (1+m)n{(1 et [1”[](1 @0+vls.1»(r6)m}

oY)
0 ‘H‘)[K S[KU [1]

h @+ m)n I
(1= 0o + V1S A= 8) (- Ty { o j

t+1

Specification [0] (2+mn Yo \ J

None -1.026 (0.500) 0.916 (0.010) -0.079 (0.218) .886 (6.041) 13.6 (0.0088)
Corporate tax, ITS and Dep. All. .4770 (0.575) 0.915 (0.012) -0.072 (0.150) 11.87313) 11.1 (0.0257)

Above plus r/(1¥) -1.236 (0.612) 0.914 (0.013) -0.096 (0.163) 9.831663) 10.0 (0.0403)

See the notes to Table 1 for the details of estitmaRobust standard errors are presented in gases below the parameter estimates. The
number in parentheses below the J statistic imétginal significance

Tax effects under finance constraints. Table 5 It has been suggested that one reason why previous
presents GMM estimates of the Euler equation allgwi research has failed to find strong evidence forcst

for finance constraints. The first row is estimateith  of capital is the difficulty of correctly measurirthe
neither the investment tax credit nor depreciationvelevant interest rate. In this study, two types of
allowances included in the effective price of problems in measuring the relevant interest rate ar
investment. The J statistic is 13.5, which impliesgjstinguished. First, it may be difficult to meastthe
rejection of the null hypothesis of correct speafion  marketinterest rate, perhaps because the researcher is

at the 0.0092 level. _ _ not sure of the appropriate risk adjustment or bsea
The third row of Table 5 includes the Investment ¢ e difficulty in translating observable nominal

tax CrEd't.(bUt not depreC|at!on allowances). Corapa interest rates into unobservable real interestsrafbe
with the first row, the J statistic drops from 1-3.8.8. : .

: ) ) . . results suggest that problems with measuring the
This suggests that including the investment taxitre market interest rate mav not be verv important for
substantially improves the specification. The rssate o ay X y 1mp ’

example, adjusting for risk has virtually no effectthe

similar when both the investment tax credit and™~ " . e
depreciation allowances are included; the J siafls ~ €vidence of misspecification. Second, the shadow

from 13.5-11.1. interest rate may diverge from the market interatd if

Table 6 focuses on investment, taxes and thd'ms face finance constraints. There is stronglence
effective interest rate. In the first row, Eq. 20aitered that this measurement problem is both economically
by removing all the tax terms. In the second rdvg t and statistically important. A Newey and West (1987
corporate tax, investment tax credit and depremiati test between the specification which allows foafine
allowances are included. Adding these taxconstraints and the specification without finance
considerations improves the specification; theadisttc  constraints rejects the latter at the 0.0002 leVéke

falls from 13.6-11.1. In the third row, the intetreste i yariation in the shadow interest rate estimatechftbe

adjusted for taxes; this results in a further inveroent e is very large compared to the variationshia t
in the specification. Compared with the second rihe, market interest rate.

J statistic drops from 11.1-10.0. After allowing for finance constraints, there is
CONCLUSION further evidence that taxes affect investment. In
specifications which incorporate finance constigint
The objective of this study is to determine whethe omitting the investment tax credit, the corporaas t
the cost of capital affects investment. The evidencrate, or interest deductibility leads to largentabistics
presented in the section entitled “Results” sholat t (i.e., more evidence of misspecification) than
including taxes in the investment Euler equationspecifications which include these tax considerstio
reduces evidence of misspecification. In particular
including the investment tax credit, the corpor&e REFERENCES
rate and interest deductibility, respectively, lathd to

less evidence of misspecification than omittingsthe Abel, A.B. and O.J. Blanchard, 1986. The presehteva
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