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Abstract—We develop a method for measuring the foresight agents hafter date + f. When information sets have this structure,
oo e b ceaeter, 1 Curent diieto, measures the degree of foresight, So the question “how
residual-based test statistic that allows us to compare prediction errorsfdiCh foresight” is then formally “what is the value 6"
Frothod. examining investment aroLnd tax reforme o measare the fol e ooy o We treatf as a parameter that describes the
Qgeht fir;ns have a%out tax policy. In this illustration, current investmeréggent and we quel how the agen_t’s bghav!or depen_ds on
appears to reflect currently available information but little foresight othéhe value off. In this way, econometric estimating equations
than foresight of enacted policy changes. depend onf. Our approach is to estimate models with
different values off and to compare fits of the models to
determine the value dfthat best describes actual behavior.
IFFERENT strands of research make substantialyn important consideration is that some periods in a longer
different assumptions about the foresight economiitne series of data may contain events that are particularly
agents possess. Work in theoretical macroeconomics, ifafiormative about the value dfthat best describes actual
instance, often assumeserfect foresightof the entire behavior. To accommodate this, we develop a residual-based
future! Rational-expectations econometrics that substituttest statistic forf that allows the researcher to focus on
actual for expected values of variables similarly assumpsriods believed to contain potentially informative events.
substantial foresight; with little foresight the substitution We illustrate the method by estimating the foresight of tax
would lead to large errors and hence have low efficiehcyoolicy that is reflected in the investment by firms in the U.S.
On the other hand, many macroeconomic models exhibitonomy. Foresight of tax policy is particularly important in
statistically significanlagsof several yeardthese lags may years around major tax reforms, so tax reforms are the
reflect information lags or negative foresidi#&n intermedi- events that provide information abotiin the application
ate specification isnyopicexpectations, which amounts tohere. As a simple example, a firm that knows an investment
knowledge of current variables but no foresight of the futuréax credit is going to be imposed in an upcoming tax reform
Myopic expectations are common in applied work. A goollas an incentive to postpone investment to take advantage of
example is that many comparative static or comparatitlee credit, whereas a firm without such foresight has no such
dynamic analyses of economic policy implicitly assumimcentive; thus an examination of the timing of investment
agents have myopic policy expectations; this occurs wharound tax reforms provides information about the value of
agents in an initial equilibrium are treated as having adjustédlo apply the approach, we need a model of investment.
fully to an initial policy, which then is replaced by a newTlhere are several models in the literature, from neoclassical
policy that was not foreseen by agents in the initiglnd related models with an optimizing structure to various
equilibrium. Given these divergent treatments, it is natural taive models. Although naive models sometimes outper-
ask how much foresight agents actually have. In this papfatm structural ones, we choose a structural model because
we develop a method for measuring the foresight agemtserpretation of the analysis is more clear-cut if the
have, and, as an illustration, we apply the method to studgtimating equations are derived from microeconomic prin-
foresight about tax policy. ciples. We estimate the model for investment in equipment
The approach begins with the assumption that agents hawel structures during 1947—-1990, paying particular attention
information sets with a particular structure. We think of ato the major U.S. tax reforms of 1954, 1962, 1981, and 1986.
agent in a current periodasknowingthe values of a set of We identify best values dffor equipment and structures for
variables up to a future or past date- f, and as having each reform. We then aggregate over tax reforms to estimate
expectationgonditional on information at+ f of variables a best “overall” measure off. For reform-specific and
overall measures df we also compute the confidence with
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1 For instance, Brock and Turnovsky (1981) use a representative-agent

model with perfect foresight to study how policy affects macroeconomic Tg get the stage, we assume that a representative firm
equilibrium. A good application of the Brock-Turnovsky model to the area !

of taxes and investment, which is the area we study, is in Judd (1987). produces output in a general (second-order) way using a variable

2Examples in the area of investment and taxes are Pindyck afaactor (labor) andN quasi-fixed factors (types of capital).
Rg?;‘gig}n%isi?eaﬂ ;*;asggo(%%%?b)- This specification is designed to extract information from
4There are other explanations of observed behavioral lags. Onelf@W changes in the tax treatments of different assets affect

“time-to-build"—see Kydland and Prescott (1982). both the composition and the overall level of investment.
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The firm faces capital adjustment costs and has a lineatere E; denotes expectations conditional on the firm’s
guadratic variable factor demand function: information set at time& andr . is a known real discount
rate.

1
_ _ 2 '
LK AKy Y0 = a0 + oYy + S Y T BK, .  Information Sets

, 1 To solve (3), it is necessary to specify knowledge and
T BYKY: + EKtth 1) expectations at time of the random variablesy., ., K.,
1 Uttr Zitr, Yerr, @aNd Py, for T = 0. We measure time in
+ = AKIQAK,, years sd is the number of years of foresight that is reflected
2 in investment in yeat. The value off may be positive,
) ) . hegative, or zero. Because we wish to focus on the amount
where the value ot is the quantity of labor employed in of holicy foresight that firms have, we treat expectations of

discrete periodt, Ky = [Kyy, ..., Kng" is @ vector of gy nolicy variables .., Ke.r, anduy., Zy..) as governed
beginning-of-period capital inputs in period AK: = py 3 value of, but treat expectations of variables character-
Ki+1 — K{is net investment, an¥, is output. Parameters 'nizing macroeconomic conditionsY(.,, and P..,) more
(1) areao, ay, ayy, B = [B1, ..., BnN] By =[Buy, - -1 traditionally. Thus we take the yeainformation set of the

Bnyl’, T = (vj), which is anN X N symmetric matrix, and firm to consist of all values of tax-policy variables up to year
Q1 = (wj), which is anN X N diagonal matrix that captures;  f plus all values of macroeconomic variables up to
adjustment costs.

, . yeart.
Because corporations account for most value added in %EBecause major policy changes seem to occur randomly

United States, we assume the firm is taxed as a corporatigfq occasionally, there is little reason to take expectations of
The corporate tax rate in periadis u; and the variable hojicy aftert + f to be given by a smooth autoregressive
(non-cgpnal) input is numeraire so the firm’s variable cos oving-average (ARMA) process. Instead, we assume that
for a given output level are (+ u.) L(Ki, AKy, Yi). The  policy expectations are given by martingales with respect to
relative acquisition price of capital of typen periodtis it the yeart information set. The yearinformation set con-

with Py = [Py, ..., Py, and the relative net price of ains the values of policy variables for years to and including
capital of typei in periodt is Qi with Qt = [Qui.-. .. ¢ + f, s0 we define a sequenge..| fort = 1,...,T,

Qnl'- We takeQ; to equalPi; (1 — kiy — uiZiy), wherekit - givenf andr = 0, to be amartingale with respect to.x if

is the mvestm/ent tax credit for capital of typavith ki = Ex . — Ex,; < . Martingale expectations capture a
[Kig, - .-, Kyne]" @ndZi; is the discounted present value ofyjized form of uncertainty or unpredictability: gtfirms
future allowed depreciation deductions for capital of typemay attach probabilities to increases and decreases in policy
with Z; = [Zyy, ..., Zng]', all in yeart; this simplifies by harameters aftar+ f but theexpectegholicy change is zero.

assumi_ng_ that firms value current as well as future a!lowqcﬁ]e martingale specification is simple to implement and
depreciations at the current corporate tax rate. The diagopgly e a useful approximation for modeling agents who

matrix 3 captures rates of economic depreciation for eagfyye hetter information about the present or near future than
type of capitak The firm’s total after-tax costs in periddre 4p6ut the distant future. Indeed, the specification may be
therf theoretically correct and not merely an approximation under
_ya several conditions. It is perforce correct if agents economize
Clup Ky Koy, ¥ Q) = (1= WL (K, ARy, ) (2) oninformation processing by themselves acting as if there is
+ Qi(AK + 3Ky). a period of knowledge and a subsequent period in which a
&%ntinuation of the status quo is expected. The specification
maY also be theoretically correct if actual policy follows a
martingale, for which there is some empirical evidehce.
We focus on three values bfThe first isf = 1, which has
© T the firm knowing this year’s and next year’s policies and
E; E H (L+r,et 3 seeing policy thereafter as a martingale with respecetd
7=0 s=0 ) year’s policy. Formally,f = 1 implies that expectations

X C(ut+Tl Kt+'r! Kt+7+1l Yt+Tv Qt+1’)1
7Barro (1979) derives conditions under which tax policy follows a

5 Economic depreciation means physical depreciation plus obsolescemggrtingale in an optimal-tax model of government. Barro (1981), Kingston
Note that Hulten and Wykoff (1981) find that exponential depreciatioif1987), and Mankiw (1987) find that actual tax policy is approximated
assumed here, fits data from used asset markets better than do eithgfely by a martingale. Sahasakul (1986) and Bizer and Durlauf (1990),
straight-line or rectangular (one-horse-shay) depreciation. on the other hand, reject a martingale on the finding that actual tax rates

5 In detall, total after-tax costs at€K,, AK,, Y;) + P{(AK, + 3K;) — A,  move predictably with wars, recessions, and elections. The latter rejections
where the first two terms are expenses for labor and investmemanad should be of second-order importance here. Most notably, the rejections
uL (K, AK, Y + 3N (UZie + ki) Pi(AKi + 8;iKi,) s total tax benefits, occur because firms haveore information about future policy than is
which is the value of deductions for labor costs and allowed depreciatiembodied in current policy, but this is just what we allow for in taking the
plus the value of the investment tax credit. amount of policy foresight as a variable to be measured.

As is common, we assume that the firm chooses capi
inputs to minimize the discounted present value of costs
an infinite horizon,
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about the investment tax credit follow:k; = k; and On the other hand, the best fit with observed data may
Eikir, = kep1 for 7 = 1, the latter capturing martingaleoccur withf = —1 if firms’ own processes of factoring new
expectations. Thus whénr= 1, the firm sees a change in ITCinformation into investment also take time; that is, if there
fromttot + 1 and reacts by shifting investment optimallyare information lags. For instance, information lags can
from the year the ITC is lower to the year it is higher. Fooccur if firms do not continuously make optimal investment
allowed depreciation deductions and the corporation tax ratecisions or if people in firms do not immediately observe
we make analogous assumptions whenl: Eiu; = ucand and assimilate all currently available data about economic
E{Uisr = Ugpq for T = 1; andeEiu; Z; = u Z; andE Uy . Zi, =  conditions.
U+1Zi4q for 7 = 1. Note thatf = 1 gives firms less We treat expectations of macroeconomic variables more
knowledge than would perfect foresightalf future policy; traditionally. Short-run changes in variables reflecting mac-
the latter case = o. roeconomic conditions;.. andP,., for low 1) fit ARMA
The second value iE= 0, which has the firm knowing models reasonably. To make estimation tractable and in
this year’s policy and seeing future policy as a martingaferticular to avoid the problem that ARMA expectations
with respect tahis year'spolicy. Formally, it ha€ k.., = may grow faster than the discount rate, we follow the
ki, EtUisr = Uy, andEgUyy, Zy, = U Zy, for 1 = 0. The approach of Prucha and Nadiri (1984) by assuming that
specification withf = 0 can be thought of as myopia in thfirms have a planning horizon dfi years, have ARMA
setup here because myopia implies tlexpectedfuture expectations oY, andP,.,for T =< H, and have martingale
policy always equals current policy, which occurs witlexpectations o¥,.. andP,, . for r > H. Prucha and Nadiri
martingale expectationsfif= 0. In the case of the ITC when (1986) report Monte Carlo evidence thét= 5 andH = 10
f =0, the firm doesotsee a change in the ITC frontot + provide good approximations to the case with= o, so
1 and hence doeasot react by shifting investment from theeven if an ARMA model is better for the distant future,
year the ITC is lower to the year it is higher. The firm’snartingale expectations should approximate it closely. In
behavior around a tax reform thus differs untierO andf =  detail, we fit univariate ARMA models to growth rates\gf
1, which means that it should be possible to distinguish th@d changes in the level Bfto modelE, Y., andE;P,. . for
two values by examining shifts in investment around tax= H. (We fit A P rather tham InP;, which is the growth
reforms. rate of P, becausé®,; is an index.) The order of the ARMA
The third value isf = —1, which has the firm in year models is selected using the Akaike information criterion.
knowing policy only up to the previous yeat ¢ 1) and BeyondH, martingale expectations fof, andP; mean that
seeing policy as a martingale with respect to the previoue assumé&, Yy, = E{ Yy and EPy 4 = E¢Pyp for
year’s policy. Formallyf = —1 hasEk;.. = Ki—1, EtUis. = 7 > 0, where numerical values &;Y,,4 and EPy. are
Ui—1, andE(Ui , Z4r = Ui_1Zi_1, for T = —1. It should also taken from the ARMA models.

be possible to distinguish = —1 from f = 0, because  We make two additional, technical assumptions to be able
investment responses to tax changes would tend to tbgpass expectations throu@lf-). First, we assume thB, .
delayed one year ff= —1 fits better. is mean independent d;.. and Ui, Z:. SO E{Qqy, iS

The best fit with observed data may occur wWith 1 ifthe  simply E;P;.., times theN-vector with generic element
process of tax reform is a slow one that generates informak, +7 — EiUi+.Zn .. This assumption may not fit the
tion about policy changes roughly a year before the changizta we examine exactly if capital goods have rising supply
take effect and if there are only small lags between tlo@rves so tax incentives to invest cause capital prices to
arrival of information and the placing in service of newise? The assumption notwithstanding, our treatment mod-
capital in response to the information. We do not study tleds expectations of policy and macroeconomic variables
valuef = 2 here for two reasons. First, observed tax refornsgparately in calculatinge,Q,.., which allows for more
are typically in the works for less than about a year and it éetail than would the more common procedure of treating
usually uncertain whether policy is really going to changg;Q... as the outcome of an ARMA process. Second, we
and in what way for much of the time that the reform is in thassume thati,, and Y;,, are mean-independent random
works, so we have little prior expectation tfiat 2 would fit variablesE Ui+ Yiir = E¢Utr B¢ Yiis.
better tharf = 1. Second and perhaps decisively, the only
effect on our estimating equations that would be caused by IV. Estimating Equations
shifting fromf = 1 tof = 2 would be to change the value of
planned investment between next year and the year®&after.
With the parameter values we estimate, investment in tH¥
current year is affected only slightly by changes in this - -
planned investment. As a result, it should be difficult to > TT (1 + r..)Cp., (4)
distinguishf = 1 fromf = 2. =0 5=0

Under the informational assumptions made above, mini-
zation of (3) is equivalent to minimization of

81n terms of the estimating equation (10) of the next section, the only Results in Shapiro (1986a, p. 128) suggest that our assumption may be a
effect of shifting fromf = 1 tof = 2 would be to change the value of thereasonable approximation; Shapiro finds that “there is no feedback from
optimal (planned) capital stock for the year after next year, whitt{3s the quantities to the price variables.”
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whereCiy; = C(EtUttr, Kisry Kisri1, EtYirr, EtQieq). In  capital stock are

each yeat, the firm computes an optimal capital program

KO, where K& is the optimal capital vector at the K3 =[(1— U.)(Q +T)+ @ +r.)@—u)Q]?
beginning of yeat + 7 given the firm’s decisions in yedr 2

Because the firm has a planning horizontbfyears, we X (1= U K (10)
assume that capital stock values sati&lf) = K™, so the + (1 + )1 — WK + Eh + ¢,

firm’s minimand (4) simplifies to

where the optimal capital vector two years into the future,
K @, is solved from the system (7)—(9).

H-1 H-1
1+ re) 'Cur + 1+ ree) Yk
;) :S|_=__!:) ( t+5) Ct+ !;!:) ( t+S) t+H (5) V Data
X C(EUirn, Kisnr Kions EtYivn EiQian), We use annual data. Although quarterly data might allow

for finer measurement of the foresight firms have about

where the second term captures costs beyond the planrfisigire policy, we see two reasons why a shift to quarterly
horizon. data might introduce more noise than additional informa-
We define the input-demand equations for next yeati®n. First, the Bureau of Economic Analysis (BEA) cautions
capital stocks to be the optimal capital stocks for tH@at the quarterly capital stock is measured less precisely
beginning of yeat + 1 based on the information available irfhan the annual capital stock. Second, use of yearly data

yeart, plus an error vectas; = [eqy, . . . ,end’: tends to average out higher frequency fluctuationg;iand
P, that may be irrelevant to the planning processes of firms
— k@ that make plans and stick to them even when conditions
Kirr = K + €. (6)

change slightly.
The error can be thought of as optimization error that 1he data cover 1947-1990, so after differencing we have

captures failure by firms to set the capital stock to its optimaf. OPservations. The small number of observations imposes
value K®. Alternatively the error can be thought of ag.falrly severe limitation on how finely the model may be
reflecting simple mismeasurement of the capital stock gfs@ggregated because the number of parameters in the
random shocks due to unforeseen events that prevent YRgable factor demand function is (112) + (7/2)N + 3.
firm from attaining the optimal valu& ®. The optimal FOT instance, 12 parameterslirmust be estimated N = 2
capital stock path is obtained from the system of first-ordéhile 18 parameters must be estimatedNif= 3 and 25
conditions for optimization of (5): parameters must be estimatetlif 4. .
Accordingly, we focus on the equipment/structures split,
which hasN = 2. We measure outputr() as real private,

—(1 — (T+2) . . - . .
(1 = e )JOK; nonagricultural nonresidential output in the United States

+[(1 = Ugrr )(Q + 1) (source: BEA). Capital stock¢) are real (1982 dollars)
fixed nonagricultural nonresidential net capital stocks pro-
(1 M) (1~ W) Q) @) vided by the BEA. Our category “equipment” is the sum of
XKD — (1 + Fepr 1)1 — U ) QKD 19 of the 20 subcategories based on the disaggregation
found in the National Income and Product Accounts; we
= E[h.] fort=0,...,H-2, exclude agricultural machinery. The category “structures”
consists of 10 subcategories; we exclude religious, educa-
Fon@ — Uy 1)@ + (1 — ugpy)TKH tional, hospital, and institutional buildings as these are
H-1) largely non-profit and hence are likely subject to different
= Ien(l = Upp-1) QK incentives than those modeled here. In keeping with our
= —EJ1 — Upr)(B + ByYisn) (8) exclusion of agriculture, we also exclude farm buildings
from structures.
+ (renQuina We measure labor as total annual hours worked in private
—(1 = 8)Qun)l, fort=H —1, nonagricultural nonresidential sectors using data from the
Bureau of Labor Statistics (BLS). We multiply annual
where private nonfarm employment by 52 times average weekly
hours to get total hours. Our price series for equipment and
— 1 _ structures ;) come from the BEA and are normalized by
Mo = 10 = Ura) (B + ByYisnia) (9) dividing by the average real hourly private nonagricultural
+ (L + Fiyrs1) Qs — (1 = 8) Quirial)s wage as labor is the numeraire; wage data are from the BLS.
The BEA's series foP; include adjustments for technologi-
with K@ =K. cal change; to this extent our estimation consistently adjusts

Using (7)—(9), the input demand equations for next yearfsr technological change. The BEA computes price series for
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equipment and structures using fixed weights equal to shares TaBLE 1.—MAJOR POSTWAR U.S. TAX REFORMS

of the 1982 capital stock in disaggregated subcategories of Enactment Effective Dates of Change
equipment and subcategories of structures for years after — g

S e U k Z
1958 but using implicit price deflators for years up to 1958- oo 16 1954 or 1 1958 : ] ‘1 o4
. . . . ug. , pr. 1, — an. 1,
To .spllce series before and after 1953, we predlct the f'x_ed'oa. 16, 1961 - Jan. 1, 1962 -
weighted series for 1947-58 from the implicit-deflator series aug. 13, 1981 — Jan. 1, 1981 Jan. 1, 1981
using quadratic regression on the period 1958-70, duringOct. 22, 1986 July 1, 1987 Jan. 1, 1986 Jan. 1,1987

which time the relationship between the two series was

fairly stable. Economic depreciation rateég @re taken from . _ . .
Hulten and Wykoff (1981). policy variables around major tax reforms. We see in table 1

We compute the real discount ratg as a weighted that three of the four major tax reforms became law about

average of net (of corporation tax) returns on debt and equiifffee-quarters into the year but that critical provisions were
in yeart. The weights are 0.725 on debt finance and 0.275 8tade effective retroactive to the beginning of the year of
equity finance, these being the average debt and equifigctment. Because of retroactive provisions, we must
shares over the period 1947-1981 reported by Hollagfoose a convention for defining policy in a year. One
(1984, table 2B2a); this treatment assumes that margif@ssibility would be to let policy during the year be the
investment is financed in the same way as inframargir@licy actually on the bookéor most of the year. A second
investment® We take the real return on equity in yeao be Possibility would be to let policy be the policy that ex post
the sum of dividends inplus stock price irt + 1 all divided turns out to have been applied for most of the year. We
by stock price irt, for a share of stock corresponding to th€hoose the latter, ex post definition of policy. This should be
Standard and Poors indé&XThe net real return on debt is theborne in mind when interpreting exactly what a given value
nominal return on debt adjusted by an inflation factor arf f means. Wheh= 0, for instancekk; = k;. With ex post
multiplied by one minus the corporation tax rate to accouflgta, the firm for the first three quarters of a tax-reform year
for deductibility of business interest. We take the nomin# therefore assumed to know that the policy enacted after
return to be the annual rate on Aaa corporate bonds as rdf¥@e quarters will in fact be enacted and applied retroac-
by Moodys. Because labor is numeraire, the correct inflatiéiely. Thus we should think df= 0 as actually giving firms
factor is the rate of wage inflation, which we measure usig@mething like an average ofAmonths of policy foresight.
the wage series from the BLS. Analogously,f = 1 gives 164 months of policy foresight,
The corporate tax rate is constructed from Intern@hdf = —1 gives a % month policy lag.
Revenue Service (IRS) publications and includes state taxes o
on corporate incom&. Data on the investment tax credit VI.  Estimation

X -~<oY an entire program of optimal capital stocks for all future
ITC payments reduce the allowed basis for depreciatiQfars There are two approaches for dealing with the
Deglfec'?‘“on schgdules U.SEd ']EO calculﬁ{teorge;rom IRS. econometric problem that future optimal capital stocks are
publications. In discounting .utureoa owed deprecialiof),opservable. The easiestis simply to replace future optimal
deductions, we assume a straight 4% real discount rate 3ad, e with future observed values in estimating equations
also assume that flrig\s choose the tax treatment that maxly 1 impose rational expectations, assuming that any error
m|ze_:sZ_t in each yeat. L . introduced by the replacement is uncorrelated with other
Itis important to understand the timing of changes in taX, ,rces of error in the equatioHsBecause the replacement

introduces error, however, the approach is not fully efficient.

101n preliminary work, we experimented with putting all weight on debp ¢ differently, replacing optimal with observed values
and all weight on equity; the results were not sensitive to the choice g ’

weight. We also measured as the short-term real Treasury bill rate andeectively bases estimation of current investment on only
obtained essentially the same results. Use of a constant real interest ratfief current-year Euler equation, ignoring information in all
4%, on the other hand, gave poorer results. future Euler equations and the transversality condition. A

11 Auerbach and Hassett (1990) find that estimated investment equatigns i, . .
are not sensitive to alternative treatments of the cost of equity capital. Rdnte carlo study by Prucha and Nadiri (1986) finds this

12Because most corporate value added is produced by corporatigfficiency loss to be considerable and also finds the approach
facing the maximum federal corporate rate, we tak® be the maximum subject to substantial finite-sample bias. The second ap-
federal corporate rate times one plus a factor for the share of state revenues
in total corporate tax payments. Variationipis due mainly to variation in
the maximum federal rate. excess of 4% are sometimes used by firms to discount allowed depreciation
13\We chose to impose a fixed, positive discount rate insteagd(afich  deductions.
often is negative) to avoid making values @f, unreasonably large; the 4Examples of the approach are in Kennan (1979), Hansen (1982),
empirical results are not particularly sensitive to reasonable choices of th@nsen and Singleton (1982), Pindyck and Rotemberg (1983a, b), and
fixed discount rate. Note that Summers (1987) reports that discount rateShapiro (1986b).
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proach, which performed better in the Prucha-Nadiri stuahull hypotheses that the residual vector from either (1) or
and which we use, is to solve analytically for the futurél0) has a unit root. The second concern is that the failure to
optimal capital stocksK ?, in (10)2% This approach usesreject unit roots implies that our estimator may not be
full information from all future Euler equations and theasymptotically normally distributed. This affects how one
transversality condition. might calculate critical values and hence perform statistical
We estimate jointly the variable factor demand equationference about the estimated parameters, but is not a
(1) and the capital demand equations (10), taking accountmbblem for our purposes. Namely, we compute critical
the cross-equation restrictions implicit in (10). To do this, avalues to judge which value éfits best around tax reforms
errormy is appended to (1). We assume that the error vecigsing a bootstrap procedure described below, and not using
(et, m¢) has a multivariate normal distribution centered astimated standard errors from the iterated SUR procedure.
zero with covariance matri®y/. Because the dependent
variable in (1) does not appear as a regressor in (10), the VIl.  The Best Value off
system of the two equations is triangular. Lahiri and Schmidt
(1978) show that, for triangular systems, the iterated see
ingly unrelated regressions (SUR) estimator is identical

We wish to judge which of the three values bbest
escribes actual behavior. A natural approach would be to
the full information maximum likelihood (FIML) esti mator, compare how estimates based on each of the three fit invest

which is asymptotically efficient. We therefore con struct awentacross the entire time serie®n this basis the three

2
iterated SUR estimator for the parameters of (1) and 140 \_/alues_ do abou_t equally well, a8 va}lues for (10) are
The subsystem (L0) requires an estimati §1, which in essentially identical across valuesfofGiven that the three

: : values off fit equally well across the entire sample, an
turn requir timat f th rameters that I’ﬁ‘l\ . . ’
urn requires estimates of the parameters tat appear; fimative approach is to take the best valué tof be the

a
(7)—(9). Because; and n; may be correlated an& . . ) .
appears as a regressor in (1) as pat &f;, we obtain these value that best predicts the time pattern of investment

parameter estimates from instrumental variables estimat%rﬁ)und major tax reformsivie use t_h|s approach bgcause
of (1) usingA K,_, as instruments. INnvestment around tax reforms is likely to be particularly

We use the estimated values from this firststage regrd ia N> 2000 - SPECTy BB BETEie SamIenle oo
sion of (1) to compute from (7)~(9) the capital StOCt e year before and the earqof the four major tax reforms
programK®, ... KM} that is optimal in yeat. Next we y y J '

' ) . . . or the 1954 reform, for instance, we examine actual and
'(ﬁe;tnl;t (Igc;mb;hesaglr?;\lg)g?&g;ar; Ir?etz(\jv(ls?t %?dpzsrgmiiglredicted investment for 1953 and 1954. The test statistics

estimates, then reinsert the new estimates into (7)-(9)"{’8 compute are
recompute the optimal capital stock progré&r?), iterating

until estimates convergé.Parameter estimates for each of [AKjs 1 — AKjs 1 (F)]? + [AK; s — AK; ()]
the three values dfare in the appendix. 1s(f) = T
The issue of unit roots deserves mention. First, we are E eiZt(f)
unable to reject the null that a unit root is present in the t=1
autoregressive lag polynomial for any variable in (1) and (11)

(10) except forAKy, uy, ry, and Q,. There are thus two

concerns. FirSt, ifresidyalsfrom (1) and (10) have unit wheresis the year of the tax-code ChanwKi,t = Ki,t+1 —
roots, then the regression results may be spurious. To testfof is net investment in capital of typé in year t,
unit roots in the residuals, we perform augmented DickeyK;,(f) = K;..1(f) — Ki(f) is predicted investment

Fuller test on the residuals from (1) and (2d)Ve canreject from the model when policy information is described by
8fgresightf, andej(f) = Ki; — Kj(f) is the difference

15Sargent (1978), Meese (1980), Hansen and Sargent (1980, 19 . . .
Bernanke (1983), Epstein and Yatchew (1985), Nadiri and Prucha (19 ,tween actual net investment and predicted net investment

and Mohnen et al. (1986) apply this approach to various problems gyven f. The denominator in (11) normalizes the squared

assuming that expectations of future variables follow autoregressiyeediction errors in the numerator by the scale of squared
processes.

16 Prucha (1987) points out that the covariance matrix from iterated Slﬁfed'cnon ?rro_rs QCI’OSS the entire samifi€he PUVPOS? of
is not consistent. K @ were observed, a consistent estimator of théhe normalization is to allow us to generate a distribution for

covariance matrix could be obtained by using the parameter estimates fr@ax;h(bi s(f) by performing bootstrap resampling (described
iterated SUR as starting values for a FIML routine and taking stand '

errors from the routine. We report standard errors derived using talﬁélow) on the den_ommator In_(ll)' The normalization is
procedure. Because olr® is calculated and not observed, however, ougONsistent with the idea that residuals around tax reforms are

standard errors are likely too small. As discussed below, we do not base
any subsequent analysis on these standard errors.

17 The convergence criterion iISSR_; — SSR)/(SSR+ 107%) <1078, 191f the sum of all squared residuals (the denominator in (11)) were to
whereSSRis the sum of the squared residuals fromithigeration. differ markedly across values @fthend; s( f) might be lower for a value

18 pPrecisely, the null under the augmented Dickey-Fuller tests is that aff that yielded a worse fit across the entire sample than for a value that
equa tion is a cointegrating relation, that is, a relation in which thgelded a better fit. As noted earlier, this is not a concern here beé®use
dependent variable and at least one of the regressors contain unit roots/alutes and hence sums of squared residuals across the sample period are
the error term does not contain a unit root. essentially identical for different values fof
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TaBLE 2.—DIAGNOSTICS FORFITS OF VALUES OF f: ¢ «(f) of d)i,s(_l) — d)i’s(O) andd)i,s(l) — ¢i,s(0)1 which measure
Tax Reform how much betterf = 0 fits thanf = —1 andf = 1,
1954 1962 1981 1986 Aggregate '€SPectively. .Under the nuII_ that data are generated by
— X f = —1, for instance, the differencé;s(—1) — ¢is(0)
quipmen . .
Diagnostic: f= —1 0.0050 00507 003290 00073  0.0959 should be negative, Wherea§ under the alternative that data
f=0 00002 00110 0.0101 00120 0.0334 are generated by = 0, the differenceb;s(—1) — ;s(0)
Structures f=1 00103 0109 00659 00105 0.1957 should be positive. Similarly under the null that data are
Diagnostic: 1 00004 00086 00055 00055 00200 9eneratedby=1,the differenceb;s(1) - is(0) should be
0.0037 0.0021 0.0050 0.0090 0.0198 nhegative, whereas under the alternative that data are gener-
0.0059 00104 00123 0.0033 0.0318 gated byf = 0, the differencap;s(1) — ¢;s(0) should be
positive. We thus examine 95% confidence intervals for

the main source of information about the foresight thglt"S(. 1) d?"S(O) andois(1) = ¢is(0): astrlc_:tly positive
; L confidence interval means that we can reject a null that
agents possess; the normalization ensures that we do fiof S . s
: . . = —1 orf = 1 in favor of the alternative that = 0O;
obtain a low value of the test statistigs(f) unless residuals otherwise we cannot reiect the null
around reforns are small relative to other residuals. J '

. For the three instances whdres —1 orf = 1 fit best, we
4,:\(/8),02:5 l(;)ti(i?dforf ?r:)\:gsl?mt:r?:einz evglljlljp?rifgi( ar? gl inalso ask whether it is possible to reject the hypothesis that

— 1 0 1
structures for each of the four major tax reforms. A low val l,= 0 with 95% confidence. The tests are as above except

o ; ; Yhat the null in these casesfis= 0 and the alternative is
of ¢; () indicates that the model with foresigHits actual f— —1orf=1 Thus if a 95% i it [ f
data well for capital of typéaround the tax reform in year or - hus it a o confidence interval for
In the left-most column we see for the equipment diagnosﬂ)de(_l) — 4is(0) 0r bis(1) — &i5(0) is strictly negative,
around the 1954 reform that, .( f ) reaches a minimum at Ve can reject the null thdt= 0 in favor of the alternapve
f = 0, indicating that the best value bamong the three we Nt there is a one-year lag —1) or one year of foresight

consider isf = 0 in this case. For the structures diagnostigB: 1), respﬁctively. dd . ;
around the 1954 tax reform, on the other handgs(f) ecause the numerators and denominators ofthéf )

reaches a minimum &t= —1, indicating that the best valued'® not independent, our test statistics do not follow
of fisf = —1. Results are more clear-cut for the 1962 arFd-distributions. To approximate the distributions analyti-
1981 reformé:f = 0 fits best for both equipment angcally is difficult. We therefore construct approximate distri-
structures. For 1986,= —1 fits best for equipment arfd=  0Utions of the;s(T) — ¢s(0) for f = —1 andf = 1 by

1 fits best for structures. This result for structures fgPlacementsampling (bootstrapping), which involves using

consistent with the idea that firms acted from “knowledgetN€ Set of residuals from the estimated system as a proxy for

that changes in provisions affecting structuresndz, but the unknown errors in the system. Bootstrapping requires

not k,) would only become effective in 1987; that is thathat the starting sequence of residuals be uncorrelated. For

firms had an information lead in this case. Because th& O @nd agiven type of capital we therefore begin with

equipment diagnostic favors= —1 and the underlying the 42 SUR residuals and use the correlation structure in the

model assumes that takes the same value for botheStimated covariance matrix to express the residuals in the

equipment and structures, however, the result for 1986 dd8&m €i:(0) = Kit — K;;(0). We take this set as an original

not cleanly exhibit a best value bf population and sample from it with replacement to generate
To determine the value dfthat fits best over all four tax @ NeW set of 42 residualgg;1(0), . . . ,&;42(0)]. We proceed

reforms, we compute aggregate diagnostics for equipméhthe same way fof = —1, or forf = 1, generating a new
and structures, set of 42 residualse; 1(f), . . ., € 42( f)]. We then use (11)

to calculate a value ob;s(f) — ¢;s(0). We repeat the
bi(f) = digosa(f) + dbigeea T) process, generating a large number of valueg af f) —
+ bi1081( F) + bi10se( ). (12) bis(0). Finally we use the generated distributiorbof( ) —
’ ’ ¢is(0) to calculate 95% confidence intervals fogs(f) —
In the last column of table 2 we see that the best overall #it s(0), forf = —1 andf = 1.
occurs withf = 0. For structures, howevdr= —1 appears  We also bootstrap;(f) — ¢;(0) forf = —1 andf = 1to

— = =
an
= O |

to fit almost as well ab= 0. compute 95% confidence intervals for the aggregate differ-
Table 2 indicates thdit= 0 fits U.S. investment data betterence in fits of two amounts of foresight. The procedure is to
than do eithef = —1 orf = 1 in aggregate and in all butsample as just described and then use both (11) and (12) to

three instances of individual tax reforms. In instances whegenerate values df; () — ¢;(0).

f = 0 fits better, it is natural to ask whether it fits better When we use (11) to calculaid;s(f) — ¢;s(0), we
enough so that we can reject hypothesesftkat-1 orf = 1 condition on residuals around the tax reform (that is, on the
with, say, 95% confidence. To evaluate this, we test nuilmerator in (11)), so we always include the three tax-
hypotheses that = —1 andf = 1 against the alternativereform residuals in the new set of residuals and use
hypothesis thdt= 0. Specifically, we study the distributionsreplacement sampling to find the other 39. We condition on
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TABLE 3.—95% (ONFIDENCE INTERVALS FOR ¢jo(f) — &is(0)

Tax Reform

1954 1962 1981 1986 Aggregate

A. Are there lags{= —1)?

Equipment: [0.0025 0.007%] [0.0175  0.0635] [0.0087  0.0412] [—0.0092 0.0014] [0.0212  0.1160]
Structures:  §£0.0055 —0.0016f  [0.0023  0.0106] [-0.0035  0.0040]  40.0091 0.0011]  0.0146  0.0125]

B. Is there foresightf(= 1)?

Equipment: [0.0068 0.0128] [0.0625  0.1267 [0.0342  0.0723] [—0.0062 0.0045] [0.1018  0.2239]
Structures:  £0.0015 0.0051] [0.0035 0.0122]  [0.0009 0.0128] [-0.0111 —-0.0015] [-0.0067  0.0274]

Note: N indicates that the answer to the question is No in that we can with 95% confidence reject a hall#aorf = 1 in favor of an alternative thét= 0, and Y indicates that the answer to the question is Yes in
that we can with 95% confidence reject a null that0 in favor of an alternative thét= —1 orf = 1.

the numerator because it is the numerator that contains mibst confidence interval for this instance is strictly negative,
of the information about how well a value défpredicts so we can reject = 0 in favor off = —1. For equipment
investment, and this information would be lost if we were taround the 1986 refornf,= —1 also fits best, but in this
draw residuals randomly to form the numerator. When westance the confidence interval brackets zero so we cannot
calculate distributions for the aggregate test statistiggjectf = 0 in favor off = —1. Finally, for structures around
bi(f) — ¢;(0), we similarly condition on the numerator. Anthe 1986 reform,f = 1 fits best; in this instance the
alternative procedure in this case would have been to draenfidence interval is strictly negative so we can refeet0
residuals from the four tax-reform episodes in forming thia favor off = 1.21

numerator. The alternative procedure would be correct if theFor aggregate test statistics, we saw in table 2 ftka0
distribution of ¢;(f) — ¢;(0) calculated by replacementgives the best fit for both equipment and structures. From
sampling from the four tax reforms were the same as thable 3, we can reject with 95% confidence the presence of a
distribution of b;s(f) — &;s(0) for each tax reform. This lag (f = —1) or of foresight § = 1) in favor off = 0 for the
condition seems strong. For instance, our estimation proeguipment diagnostic, but we cannot rejeet —1 orf = 1

dure captures effects of a tax reform operating throuddr the structures diagnostic.

changes in the values of;, ki, andZ,, but misses effects

operating through changes in tax-shelter and other reform Vil Summary

provisions. Because such reform-specific mismeasuremenfye develop a method for measuring the amount of

generally shows up in the residuals, the distribution @hresight that agents have. Specifically, we assume that

residuals around one tax reform may differ from thggents acting at datéave knowledge of key variables up to

distribution around another tax reforfh. _ datet + f and have expectations of these variables beyond
Confidence intervals calculated in this way are in table 8.4 f This specification nests perfect foresigtt € ),

To understand the results, first consider instances of Specﬁﬁ?opia (f = 0 together with martingale expectations), and

reforms in whichf = 0 fits best. This was the case fofnformation lags § < 0). We then construct a residual-based

equipment around the 1954 reform and for both equipmegk; statistic for determining the value bfthat best fits

and structures around the 1962 and 1981 reforms. We segRerved data; the test statistic is based on specific residuals
the table that, for each of these instances except iught to be particularly informative. To illustrate the

structures around the 1981 tax reform, confidence interv%thod, we estimatd by comparing how models with
are strictly positive, implying that we can reject nulk— _1 f— o andf = 1 predict investment residuals around
hypotheses for the presence of lafs=(—1) and foresight major post-war U.S. tax reforms.

(f = 1) in favor off = 0. For structures around the 1981 | this application, the best fit appears to occur Vith 0.

reform, on the other hand, we can reject the null for foresigBkcause of our convention for defining policy in a year, this has

but cannot reject a one-year information lag. the interpretation that firms may have several months of policy
Now consider the three instances inwhich —1orf =1 foresight, but probably not a year of foresight. An exception is

fits best. From table 2, we saw thiat= —1 fits best for hat U.S. investment behavior around the 1986 tax reform may
structures around the 1954 reform. From table 3, we see that

20 . ) . 21 Auerbach and Hassett (1991) argue that the Tax Reform Act of 1986
Confidence intervals under the alternative procedure may be largerpiated a rare period of several years of policy stability in which the ex post
smaller than the intervals we calculate. To see this simply, note thgl treatment of investment was observable to firms. Auerbach and Hassett
confidence intervals reflect variances, that(f) — ¢4(0) is a ratio that 5150 estimate a reduced-form investment model using data prior to 1986
can be writteng,/g,, and that to a second-order approximation, thgng show that, for investment in equipment, ex post tax policy helps
variance 0fg,/g, is proportional tari/uy + o /15 — 20 3,/ll, Where i explain predicted investment residuals for 1987-89 derived from the
ando 2 denote the mean and variancegpiindo?, denotes the covariance model. Although their analysis is not designed to distinguish among
betweerg, andg,. Because our procedure tregtsas nonstochastic, we different amounts of foresight, their results suggest that firms may have
measure the variance ab,(f) — ¢,(0) as d3/u3. Thus if 02, is had some foresight of policy for a few years after 1986. Thus our result for
sufficiently positive, the alternative procedure could result in a smallstructures around the 1986 reform is broadly consistent with their result for
variance and hence smaller confidence intervals. equipment.
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