
DISCUSSION PAPER SERIES

�����

������������

Available online at: www.cepr.org/pubs/dps/DP3103.asp

www.ssrn.com/xxx/xxx/xxx

No. 3103

TIME-VARYING RISK PREMIA AND
THE COST OF CAPITAL: AN

ALTERNATIVE IMPLICATION OF THE
Q-THEORY OF INVESTMENT

Martin Lettau and Sydney Ludvigson

FINANCIAL ECONOMICS



ISSN 0265-8003

TIME-VARYING RISK PREMIA AND
THE COST OF CAPITAL: AN

ALTERNATIVE IMPLICATION OF THE
Q-THEORY OF INVESTMENT

Martin Lettau, Federal Reserve Bank of New York and Stern School of Business,
New York University and CEPR

Sydney Ludvigson, New York University

Discussion Paper No. 3103
December 2001

Centre for Economic Policy Research
90–98 Goswell Rd, London EC1V 7RR, UK

Tel: (44 20) 7878 2900, Fax: (44 20) 7878 2999
Email: cepr@cepr.org, Website: www.cepr.org

This Discussion Paper is issued under the auspices of the Centre’s research
programme in Financial Economics. Any opinions expressed here are
those of the author(s) and not those of the Centre for Economic Policy
Research. Research disseminated by CEPR may include views on policy, but
the Centre itself takes no institutional policy positions.

The Centre for Economic Policy Research was established in 1983 as a
private educational charity, to promote independent analysis and public
discussion of open economies and the relations among them. It is pluralist
and non-partisan, bringing economic research to bear on the analysis of
medium- and long-run policy questions. Institutional (core) finance for the
Centre has been provided through major grants from the Economic and
Social Research Council, under which an ESRC Resource Centre operates
within CEPR; the Esmée Fairbairn Charitable Trust; and the Bank of
England. These organizations do not give prior review to the Centre’s
publications, nor do they necessarily endorse the views expressed therein.

These Discussion Papers often represent preliminary or incomplete work,
circulated to encourage discussion and comment. Citation and use of such a
paper should take account of its provisional character.

Copyright: Martin Lettau and Sydney Ludvigson



CEPR Discussion Paper No. 3103

December 2001

ABSTRACT

Time-Varying Risk Premia and the Cost of Capital:
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Evidence suggests that expected excess stock market returns vary over time,
and that this variation is much larger than that of expected real interest rates.
It follows that a large fraction of the movement in the cost of capital in
standard investment models must be attributable to movements in equity risk
premia. In this Paper we emphasize that such movements in equity risk
premia should have implications not merely for investment today, but also for
future investment over long horizons. In this case, predictive variables for
excess stock returns over long horizons are also likely to forecast long-horizon
fluctuations in the growth of marginal Q, and therefore investment. We test
this implication directly by performing long-horizon forecasting regressions of
aggregate investment growth using a variety of predictive variables shown
elsewhere to have forecasting power for excess stock market returns.
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1 Introduction

Recent research in financial economics suggests that expected returns on ag-

gregate stock market indexes in excess of a short-term interest rate vary over

time (excess returns are forecastable). Moreover, this variation is found to be

quite large relative to variation in expected real interest rates. 2 These findings

suggest that a large fraction of the variation in the cost of capital in standard

investment models must be attributable to movements in equity risk premia.

Yet, perhaps owing to the long-standing intellectual divide between macroe-

conomics and finance, surprisingly little empirical research has been devoted

to understanding the dynamic link between movements in equity risk premia

and macroeconomic variables. Do movements in risk premia have important

macroeconomic implications? And, if so, through what channel do they affect

the real economy?

One might suspect that the principal means by which time-varying risk pre-

mia affect the real economy would be through the so-called wealth effect on

consumption. But recent research suggests that fluctuations in equity risk pre-

mia primarily generate transitory movements in wealth, which appear to have

a much smaller effect on consumption than do permanent changes in wealth.

For example, Lettau and Ludvigson (2001a) show that an empirical proxy

for the log consumption-wealth ratio (where wealth includes both human and

non-human capital) is a powerful predictor of excess returns on aggregate

stock market indexes, suggesting that the consumption-wealth ratio captures

time-variation in equity risk premia. At the same time, however, these move-

ments in the consumption-wealth ratio are largely associated with transitory

movements in wealth and bear virtually no relation to contemporaneous or

future consumption growth (Lettau and Ludvigson (2001b)). 3 These findings

2 See, for example, the summary evidence in Campbell et al. (1997), chapter 8.
3 This does not mean that wealth has no impact on consumption, but that only
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suggest that the consumption channel is not an important one in transmitting

the effects varying risk premia to the real economy.

That this consumption channel may be relatively unimportant is perhaps not

too surprising. After all, investors who want to maintain relatively flat con-

sumption paths will seek to smooth out transitory fluctuations in wealth and

income, so that consumption tracks the permanent components in these re-

sources. 4 Indeed, in the papers cited above, it is this very aspect of aggregate

consumer spending behavior that generates forecastability of excess stock re-

turns by the log consumption-wealth ratio.

But if consumption growth is the quiescent Cinderella of the economy, invest-

ment growth is its volatile step child. Sharp swings in aggregate investment

spending characterize business cycle fluctuations and may therefore be directly

linked to cyclical variation in excess stock returns. What’s more, classic mod-

els of investment behavior imply such a link: when stock prices rise on the

expectation of lower future returns, discount rates fall, a phenomenon that

raises the expected present value of marginal profits and therefore the optimal

rate of investment (Abel (1983); Abel and Blanchard (1986)). In short, the

fabled Q theory of investment implies that stock returns should covary posi-

tively with investment, while discount rates (expected returns) should covary

negatively with investment.

The difficulty with this implication is that it is scarcely apparent in aggre-

gate data. Stock returns and aggregate investment growth have been found

to have a significant negative contemporaneous correlation (stock returns and

discount rates a significant positive correlation), and recent evidence suggests

permanent changes in wealth influence consumer spending.
4 This is a partial equilibrium statement about optimal consumption choice, assum-

ing the behavior of the equity premium is an equilibrium outcome that households

take as given.
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that short-term lags between investment decisions and investment expendi-

tures may be to blame (Lamont (2000)).

In this paper we derive an explicit link between the time-varying risk premium

on stocks and real investment spending. We emphasize that movements in the

equity risk premium (time-variation in expected excess returns) should have

implications not merely for investment today, but also for future investment

over long horizons. We develop and test an alternative implication of Q theory

for the relation between risk premia and investment that is less likely to be af-

fected by short-term investment lags than is the more commonly tested impli-

cation, discussed above, that discount rates covary negatively with investment.

We start with the observation that, if markets are complete, the definition of

marginal Q may be transformed into an approximate log-linear expression re-

lating expected asset returns to the expected growth rate of marginal Q. From

this expression, it is easy to derive a present value formula in which variables

that are long-horizon predictors of excess stock market returns also appear as

long-horizon predictors of the growth rate of in marginal Q. If investment is a

nondecreasing function of Q, it follows that long-horizon investment growth is

likely to be forecastable by the same variables that predict long-horizon move-

ments in excess stock returns, or equity risk premia. Because this implication

of Q theory pertains to long-horizon changes in real investment, it is natu-

rally less affected by short-term investment lags than is the implication that

discount rates should display a negative contemporaneous correlation with in-

vestment. Thus our procedure provides an informal test of the hypothesis that

some implications of the Q theory of investment may be satisfied in the long-

run, even if temporary adjustment lags prevent its short-run implications from

being fulfilled in the data. Our procedure also allows us to test the empirical

importance of one possible link between time-varying equity risk-premia and

aggregate investment behavior.

Notice that the sign of the implied long-horizon covariance between stock
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returns and investment that we emphasize here is opposite to that of the con-

temporaneous covariance upon which researchers typically focus. A decline in

the equity risk premium drives up excess stock returns today, reduces the cost

of capital, and is therefore likely to increase investment within a few quar-

ters time. But because the decline in the equity premium must be associated

with a reduction in expected future stock returns, the analysis presented here

suggests that these favorable cost of capital effects will eventually deteriorate,

foreshadowing a reduction in future investment growth over long horizons.

Thus, on average, we should find a negative covariance between stock returns

today and future investment growth over long horizons (alternatively, a posi-

tive covariance between discount rates and future investment growth over long

horizons).

Consistent with this implication, we find that variables which forecast excess

stock market returns are also long-horizon predictors of aggregate investment

growth. In particular, we find that an empirical proxy for the log consumption-

aggregate wealth ratio (developed in Lettau and Ludvigson (2001a)) is a long-

horizon forecaster of real investment growth just as it is of excess returns on

aggregate stock market indexes. Moreover, the sign of the forecasting relation-

ship is positive with regard to both variables, consistent with the reasoning

provided above. When the cost of capital is low because equity risk premia

are low, investment is predicted to grow more slowly in the future as excess

stock returns fall. To the best of our knowledge, these findings are the first

to provide evidence of a direct connection between movements in equity risk

premia and investment growth over long-horizons into the future.

Most empirical studies of aggregate investment have found only a weak rela-

tionship between discount rates, or the cost of capital component of marginal

Q, and investment. For example, Abel and Blanchard (1986) find that, al-

though most of the variability in marginal Q is generated by variability in the

cost of capital component, it is the marginal profit component ofQ that is more
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closely related to aggregate investment. Others (for example, Fama (1981);

Fama and Gibbons (1982); Fama (1990); Barro (1990); Cochrane (1991); Blan-

chard et al. (1993)) have found a relation between ex post stock returns and

real activity, and Cochrane (1991) finds that the some of the same variables

that forecast stock returns also forecast investment returns; but all of these

findings are distinct from one in which ex ante stock market returns influ-

ence real investment activity. An exception is Lamont (2000), who finds that

investment plans have some forecasting power for both aggregate investment

growth and excess stock returns, suggesting that fluctuations in equity risk

premia affect investment with a lag. However, Lamont’s forecasting evidence

is concentrated at short horizons and reflects an intertemporal shifting of the

widely investigated negative contemporaneous covariance between discount

rates and investment, rather than the positive long-horizon covariance that is

the focus of this paper.

Our work also builds on insights derived in Cochrane (1991) who studies a

production-based asset pricing model. Cochrane shows that, if markets are

complete, the producer’s first-order condition implies that investment returns

and asset returns are equal in equilibrium. Thus, the production based model

Cochrane investigates (of which the Q theory of investment is a special case)

allows us to explicitly connect stock returns to investment returns. We use

these results on market completeness to show that proxies for slow-moving

expected excess stock returns are also likely to be related to movements in

investment growth many quarters into the future.

To confront our long-horizon prognosis with the data, we employ a variety of

predictive variables that have been shown elsewhere to forecast excess stock

returns and test whether they are related to future investment growth. These

predictive variables are, an aggregate dividend-price ratio, a default spread,

a term spread, a short-term interest rate, and the consumption-wealth vari-

able developed in Lettau and Ludvigson (2001a). Price-earnings ratios have
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also been used as forecasting variables for stock returns. A caveat with the

price-earnings ratio that is shared with the price-dividend ratio is that its

short-term predictive power for excess returns has been severely compromised

by the inclusion of stock market data since 1995. Undoubtedly some of this

reduction in predictive power is attributable to recent changes in the way div-

idends and earnings are paid-out and reported. For example, firms have been

distributing an increasing fraction of total cash paid to shareholders in the

form of stock repurchases. If the data on dividends do not include such re-

purchases, changes of this type would distort measured dividends and reduce

the forecasting power of the dividend-price ratio. Similarly, shifts in account-

ing practices that refashion the type of costs that are excluded from earnings

or the type of investments that are written off, or changes in compensation

practices toward the use of stock options which are not treated as an expense,

can all create one-time movements in measured price-earnings ratios that are

unrelated to the future path of earnings or discount rates. By contrast, data

on aggregate consumption is largely free of at least these measurement prob-

lems. This may partly explain why Lettau and Ludvigson (2001a) find that

the consumption-wealth variable has better predictive power for excess stock

returns than all of the financial variables listed above in both in-sample and

out-of-sample tests. For this reason, we emphasize most our results using the

consumption-wealth ratio as a proxy for time-varying equity risk-premia.

The rest of this paper is organized as follows. The next section motivates our

analysis by deriving a loglinear Q model. We show that the log stock price and

the log of Q have expected returns as a common component, and then move on

to derive the relationship between proxies for time-varying equity risk premia

and the future growth rate in marginal Q. Section 2.2 reviews the material

in Lettau and Ludvigson (2001a) motivating the use of the log consumption-

wealth ratio as forecasting variable for excess returns. Section 3 describes the

data, defines a set of control variables for both return forecasts and invest-
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ment forecasts, and discusses our predictive regression specifications. Section

4 presents empirical results on the long-horizon forecastability of aggregate

investment spending. Section 5 concludes.

2 Loglinear Q Theory

This section presents a loglinear framework for linking time-varying risk pre-

mia to the log difference in future Q, and therefore future investment growth.

Consider a representative firm with maximized net cash flow, πt(Kt, It), phys-

ical capital stock, Kt, and rate of gross investment in physical capital, It. The

accumulation equation for the firm’s capital stock may be written

Kt = (1− δ)Kt−1 + It. (1)

Abel and Blanchard (1986) assume that the firm chooses It so as to maximize

the value of the firm at time t, and show that the marginal cost of investment,

−Et

(

∂πt

∂It

)

, must be equal to the expected present value of marginal profits to

capital:

Qt = Et

[
∞
∑

j=1

j
∏

i=1

1

1 +Rt+i

Mt+j

]

, (2)

where Et is the expectation operator conditional on information at time t, Rt

is the ex ante rate of return to investment, and Mt ≡ (1− δ)∂πt/∂Kt. Subject

to a transversality condition, (2) is equivalent to

Et

[

1 +Rt+1

]

=
Et

[

Qt+1 +Mt+1

]

Qt

. (3)

Abel and Blanchard (1986) follow the early adjustment cost literature and

assume a simple convex adjustment cost structure, so that ∂πt/∂It < 0 and

∂2πt/∂I
2
t < 0, implying that It = f(Qt), withf

′ ≥ 0. Alternatively, Abel and

Eberly (1994) show that investment will be a nondecreasing function of Qt

in an extended framework that also incorporates fixed costs of investment,
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a wedge between the purchase price and sale price of capital, and possible

irreversible investment.

Throughout this paper, we use lower case letters to denote log variables, e.g.,

qt = ln(Qt). A loglinear approximation of (3) may be obtained by first noting

that st ≡ ln[(Qt+1 +Mt+1)/Qt] = qt+1 − qt + ln(1+ exp(mt+1 − qt+1). The last

term is a nonlinear function of the log Q-marginal profit ratio and may be

approximated around its mean using a first order Taylor expansion. Defining

a parameter ρq ≡ 1/(1 + exp(m− q)), this approximation may be written

st ≈ k + ρq∆qt+1 + (1− ρq)(mt+1 − qt), (4)

where k is defined by k ≡ − ln(ρq) − (1 − ρq) ln(1/ρq − 1). Taking logs of

both sides of (3), using (4), and assuming, either that ∆qt and mt are jointly

lognormally distributed, or applying a second-order Taylor expansion, (3) can

be written in loglinear form as

Etrt+1 ≈ ρqEt∆qt+1 + (1− ρq)Et

[

mt+1 − qt
]

+ Φt, (5)

where Φt contains linearization constants, variance and covariance terms 5 .

Equation (5) relates the ex ante investment return to the ex ante rate of

growth in marginal Q. If we solve this equation forward, apply the law of iter-

ated expectations, and impose the condition limj→∞Etρqqt+j = 0, we obtain

the following expression (ignoring constants) 6

qt ≈ Et

[
∞
∑

j=0

ρjq
[

(1− ρq)mt+1+j − rt+1+j + Φt+j

]

]

. (6)

Equation (6) shows that qt is a first-order function of two components, dis-

counted to an infinite horizon: expected marginal profits,mt+1+j, and expected

5 Assuming that rt is lognormal and ∆qt+1 and mt+1 − qt are jointly log-normal,

Φt =
1
2(Vart[ρ∆qt+1 + (1− ρ)(mt+1 − qt)]−Vart[rt+1])

6 Throughout this paper we ignore unimportant linearization constants.
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future investment returns, rt+1+j. We refer to the first as the marginal profit

component, and the second as the cost of capital component. A virtually iden-

tical expression is derived in Abel and Blanchard (1986) for an approximate

formulation in levels rather than logs. This expression says that a decrease

in expected future returns or an increase in expected future marginal profits

raises qt, and under simple convex adjustment costs, raises the optimal rate

of investment.

An expression similar to (6) for the stock price, Pt, paying a dividend, Dt, may

be obtained by taking a first-order Taylor expansion of the equation defining

the log stock return, rst+1 ≡ ln(Pt+1 +Dt+1) − ln(Pt), iterating forward, and

imposing the condition limj→∞Etρppt+j = 0:

pt ≈ Et

[
∞
∑

j=0

ρjp
[

(1− ρ)dt+1+j − rst+1+j

]

]

, (7)

where ρp = 1/(1+ exp(d− p)). The stock return, rst, can always be expressed

as the sum of excess stock returns, rst−rft, and real interest rates, rft. Equity

risk premia vary over time if the conditional expected excess stock return

component, Et−1 (rst − rft), fluctuates over time.

Comparing (6) and (7), it is evident that both pt and qt depend on expected re-

turns but that qt depends on the expected investment return while pt depends

on the expected stock return. The expected investment return and the ex-

pected stock return are likely to be closely related, however. Indeed, Cochrane

(1991) shows that, if managers have access to complete financial markets, and

if aggregate stock prices represent a claim to the capital stock correspond-

ing to investment, It, then the equilibrium stock return, rst, will equal the

equilibrium investment return, rt. Intuitively, firms will remove arbitrage op-

portunities between asset returns and investment returns until the two are

equal ex post, in every state of nature. Under these circumstances, equations

(6) and (7) imply that pt and qt have a common component: they both depend
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on expected future stock returns, rst = rt. Equation (7) says that stock prices

are high when dividends are expected to increase rapidly or when they are

discounted at a low rate. Similarly, equation (6) says that, fixing Φt+j, qt is

high when marginal profits are expected to grow quickly or when those profits

are discounted at a low rate.

Equation (6) also shows that a decline in expected future returns (discount

rates), raises qt, and therefore the optimal rate of investment. Since a decline in

expected future returns is associated with an increase in stock prices today, the

model predicts a positive contemporaneous correlation between stock prices

and investment. Even if discount rates are constant, an increase in stock prices

today reflects an increase in expected future profits, again raising qt, and with

it the optimal rate of investment. Either way, the most basic form of the Q

theory of investment implies a positive covariance between stock prices and

investment.

We now return to the enterprise of explicitly linking equity risk premia to

future ∆qt, and therefore to future investment growth. The first step in this

process is to link equity risk premia (expected excess stock returns) to observ-

able variables. This is done by deriving expressions that connect observable

variables to expected stock returns, of which expected excess returns are one

component. To build intuition, we begin by presenting an example of one

such expression, now familiar in the finance literature, given by the linearized

formula for log dividend-price ratio. This expression may be obtained by re-

writing (7) in terms of the log dividend-price ratio rather than the log stock

price, where we now use the complete markets result and set rst = rt:

dt − pt ≈ Et

[
∞
∑

j=0

ρjp
[

rt+1+j −∆dt+1+j

]

]

. (8)

This equation says that if the dividend-price ratio is high, agents must be

expecting either high returns on assets in the future or low dividend growth

rates (Campbell and Shiller (1988)). As long as dividends and prices are coin-
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tegrated, this approximation says that the dividend-price ratio can vary only

if it forecasts returns or dividend growth or both. If expected dividend growth

rates are constant, then the dividend-price ratio acts as a state variable that

drives expected returns. If, in addition, real interest rates are not well fore-

cast by dt − pt, the dividend-price ratio acts as a state variable that drives

expected excess returns, or risk premia. Both of these propositions appear

well satisfied in the data, thus the dividend-price ratio is often thought of as

such a state variable. To investigate this implication empirically, researchers

have have regressed long-horizon stock returns on the lagged dividend-price

ratio. 7 This links equity risk-premia to an observable variable, namely the log

dividend-price ratio. To the extent that dt − pt forecasts excess stock returns,

it may be thought of as a proxy for the time-varying equity risk-premium.

The second step in explicitly linking equity risk premia to future ∆qt is to

combine (5) with an expression like (8), which delivers an equation relating

the equity risk-premium proxy (e.g., the log dividend-price ratio) to future

changes in qt:

dt−pt ≈ Et

[
∞
∑

j=0

ρjp
[

ρq∆qt+1+j+(1−ρq)(mt+1+j−qt+j)+Φt+j−∆dt+1+j

]

]

. (9)

Equation (9) says that state variables which forecast long-horizon returns, in

this case dt−pt, are also likely to forecast long-horizon variation in the growth

rate of Qt. Under the presumption that investment is an increasing function

of qt, the testable implication here is that the dividend-price ratio is likely to

forecast investment growth over long horizons.

To understand the sign of this forecasting relationship, it is useful to consider

a concrete example. If expected returns fall (i.e., from (8), dt − pt falls), (9)

implies that the growth rate of Q and therefore investment is forecast to fall

7 For example, see Campbell and Shiller (1988); Fama and French (1988); Campbell

(1991); Hodrick (1992).
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over long-horizons into the future. This says that future investment growth

should covary positively with expected returns. Notice that the sign of this

covariance is the opposite of that implied for the covariance between contem-

poraneous investment and expected returns. Equation (6) demonstrates that

contemporaneous investment should covary negatively with expected returns.

This reason is simple: a decline in the discount rate today causes stock prices

to rise and immediately lowers the cost of capital; therefore the optimal rate

of investment today rises. But the decline in discount rates also foretells, on

average, lower future stock returns and higher future capital costs; therefore

the optimal rate of investment in the future is predicted to fall.

Despite the intuitive appeal of equations (8) and (9), there is an important

difficulty with using the dividend-price ratio as a proxy variable for time-

varying risk premia: the predictive power of this variable for excess returns

has weakened substantially in samples that use recent data. The suggests that

the usefulness of the dividend-price ratio as a proxy for conditional expected

stock returns may have broken down. Thus we now briefly review the material

in Lettau and Ludvigson (2001a) which develops an alternative forecasting

variable for excess stock returns: a proxy for the log consumption-aggregate

wealth ratio. As we show next, this alternative predictive variable preserves

the intuitive appeal of equations (8) and (9), since the expression connecting

the log consumption-aggregate wealth ratio with future returns to aggregate

wealth is directly analogous to the expression connecting the log dividend-price

ratio with future returns to equity.

2.1 The Consumption-Wealth Ratio

Consider a representative agent economy in which all wealth, including hu-

man capital, is tradable. Let Wt be aggregate wealth (human capital plus

asset holdings) in period t. Ct is consumption and Rw,t+1 is the net return
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on aggregate wealth. The accumulation equation for aggregate wealth may be

written 8

Wt+1 = (1 +Rw,t+1)(Wt − Ct). (10)

We define r ≡ log(1 + R), and use lowercase letters to denote log variables

throughout. If the consumption-aggregate wealth ratio is stationary, the bud-

get constraint may be approximated by taking a first-order Taylor expansion

of the equation. The resulting approximation gives an expression for the log

difference in aggregate wealth as a function of the log consumption-wealth

ratio:

∆wt+1 ≈ k + rw,t+1 + (1− 1/ρw)(ct − wt), (11)

where ρw is the steady-state ratio of new investment to total wealth, (W −

C)/W , and k is a constant that plays no role in our analysis. Solving this differ-

ence equation forward, imposing the condition that limi→∞ ρiw(ct+i−wt+i) = 0

and taking expectations, the log consumption-wealth ratio may be written

ct − wt = Et

∞
∑

i=1

ρiw(rw,t+i −∆ct+i), (12)

where Et is the expectation operator conditional on information available at

time t. 9

The expression for the consumption-wealth ratio, (12), is directly analogous to

the linearized formula for the log dividend price ratio (8). Both hold ex post as

well as ex ante. When the consumption-aggregate wealth ratio is high, agents

must be expecting either high returns on the aggregate wealth portfolio in the

future or low consumption growth rates. Thus, consumption may be thought

as the dividend paid from aggregate wealth.

The practical difficulty with using (12) to forecast returns is that aggregate

wealth–specifically the human capital component of it–is not observable. To

8 Labor income does not appear explicitly in this equation because of the assump-

tion that the market value of tradable human capital is included in aggregate wealth.
9 This expression was originally derived by Campbell and Mankiw (1989).
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overcome this obstacle, Lettau and Ludvigson (2001a) assume that the non-

stationary component of human capital, denoted Ht, can be well described by

aggregate labor income, Yt, which is observable, implying that ht = κ+yt+zt,

where κ is a constant and zt is a mean zero stationary random variable. This

assumption may be rationalized by a number of different specifications linking

labor income to the stock of human capital. 10 If, in addition, we write total

wealth as the sum of human wealth and asset (nonhuman) wealth, At, so that

Wt = At +Ht (or in logs wt ≈ ωat + (1−ω)ht where ω = A/W is the average

share of nonhuman wealth in total wealth), the left-hand-side of (12) may be

expressed as the difference between log consumption and a weighted average

of log asset wealth and log labor income:

cayt ≡ ct − ωat − (1− ω)yt = Et

∞
∑

i=1

ρiw

(

rw,t+i −∆ct+i

)

+ (1− ω)zt. (13)

The left-hand-side of (13), which we denote cayt, is observable as a cointegrat-

ing residual for consumption, asset wealth and labor income. Although cayt

is proportional to ct − wt only if the last term on the right-hand-side of (13)

is constant, Lettau and Ludvigson (2001b) show that this term is primarily

a function of expected future labor income growth, which does not appear to

vary much in aggregate data. Thus, cayt may be thought of as a proxy for the

log consumption-aggregate wealth ratio, ct − wt.
11

10 See Lettau and Ludvigson (2001a), and Lettau and Ludvigson (2001b) for detailed

examples. One such example is the case where aggregate labor income is modelled as

the dividend payed to human capital, as in Campbell (1996). In this case, the return

to human capital may be defined Rh,t+1 =
Ht+1+Yt+1

Ht
, and a log-linear approximation

of Rh,t+1 implies that zt = Et
∑∞

j=0 ρ
j
h(∆yt+1+j − rh,t+1+j). Under the maintained

hypothesis that labor income growth and the return to human capital are stationary,

zt is stationary .
11 In the case where labor income growth is a random walk and the return to human

capital is constant, cayt is exactly proportional to ct − wt.
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Note that stock returns, rst, are but one component of the return to aggregate

wealth, rw,t. Stock returns, in turn, are the sum of excess stock returns and the

real interest rate. Thus, equation (13) says that the log consumption-aggregate

wealth ratio embodies rational forecasts of excess returns, interest rates, re-

turns to nonstock market wealth, and consumption growth. Nevertheless, the

conditional expected value of the last three of these appears to be much less

volatile than the first, and the empirical result is that it is excess returns to

equity that are forecastable by cayt.

Lettau and Ludvigson (2001a) find that an estimated value of cayt is a strong

forecaster of excess returns on aggregate stock market indexes such as the

Standard & Poor 500 Index and the CRSP-value weighted Index: a high

consumption-wealth ratio forecasts high future stock returns and vice versa.

This proxy for the log-consumption wealth ratio has marginal predictive power

controlling for other popular forecasting variables, explains a large fraction of

the variation in excess returns, and displays its greatest predictive power for

returns over business cycle frequencies, those ranging from one to eight quar-

ters. In addition, Lettau and Ludvigson (2001a) find that observations on this

variable would have improved out-of-sample forecasts of excess stock returns

in post-war data relative to a host of traditional forecasting variables based

on financial market data.

At the same time, Lettau and Ludvigson (2001a) and Lettau and Ludvigson

(2001b) show that cayt has virtually no forecasting power for consumption

growth or labor income growth (the latter of which may be part of zt), sug-

gesting that cayt summarizes conditional expectations of future excess returns

to the aggregate wealth portfolio. When an increase in stock prices drives asset

values above its long-term trend with consumption and labor earnings, it is

future stock market returns, rather than future consumption or labor income

growth, that is forecast to adjust until the equilibrating relation is restored.

This result says that households hold back on consuming out of current wealth
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when stock returns are temporarily high but expected to be lower in the fu-

ture. As the infinite sum in (13) makes clear, however, the consumption-wealth

ratio, like the dividend-price ratio, should track longer-term tendencies in as-

set markets rather than provide accurate short-term forecasts of booms or

crashes.

Why does a high consumption-wealth ratio forecast high future stock returns?

The answer must lie with investor preferences. Investors who want to maintain

a flat consumption path over time will attempt to smooth out fluctuations in

their wealth arising from time-variation in expected returns. When excess

returns are expected to be higher in the future, forward looking investors will

allow consumption out of current asset wealth and labor income, to rise above

its long-term trend with those variables. When excess returns are expected

to be lower in the future, investors will react by allowing consumption out of

current asset wealth and labor income to fall below its long-term trend with

these variables. In this way, investors may insulate future consumption from

fluctuations in expected returns. An example in which this intuition can be

seen clearly is one in which the representative investor has power preferences

for consumption: Ut = C1−γ
t /1 − γ. With these preferences, and assuming

for simplicity that asset returns and consumption growth are conditionally

homoskedastic, the first-order condition for optimal consumption choice is

given by Et∆ct+1 ≈ µ+(1/γ)Etrt+1, where 1/γ is the intertemporal elasticity

of substitution in consumption. It is straightforward to verify that, if this

elasticity is sufficiently small, income effects dominate substitution effects and

cayt will be positively related to expected returns, consistent with what is

found.

It is important to emphasize that excess stock returns are forecastable; cayt,

(as with dt − pt and other popular forecasting variables) has virtually no

forecasting power for short term interest rates. Thus cayt should be thought

of a state variable that drives low frequency fluctuations in equity risk premia
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rather than as a driving variable for expected interest rates.

Just as with the dividend-price ratio in (9), we may explicitly link equity risk

premia driven by cayt to future movements in ∆qt by plugging (5) into (13)

(again using complete markets assumption to set rwt equal to rt) to obtain:

cayt = Et

∞
∑

j=1

ρjw

(

ρq∆qt+1+j + (1− ρq)(mt+1+j − qt+j) + Φt+j −∆ct+j

)

(14)

Equations (14) and (9) show that the consumption-wealth ratio and the dividend-

price ratio embody rational forecasts not only of future stock returns, but

also of future ∆qt. These expressions therefore motivate our investigation of

whether the same variables that forecast excess stock returns (and therefore

proxy for time-varying risk premia) also forecast investment growth. 12 These

expressions also imply that the forecastability of investment growth should

be concentrated at long-horizons, an implication that follows from the infinite

discounted sum of ∆qt+1+j terms on the right-hand-side of these equations. If

investment is an increasing function of qt these equations suggest proxies for

risk premia are likely to forecast long-horizon investment growth because they

forecast long-horizon movements in ∆qt.

To relate cayt explicitly to future investment, additional structure must be

imposed on the problem. As one example, consider the model investigated

by Abel (1983), in which firms undertake gross investment by incurring an

12 The basic motivation remains even if one believes that only the stock return,

rst, should be set equal to investment returns, rt, since the stock return is but

one component of the aggregate wealth portfolio return, rwt. Similarly, the relation

between cayt and expected future movements in ∆qt can be derived even if the

equity return is assumed to be one component of the investment return (where, for

example, leverage makes up the other component). Either of these modifications

would merely require extra terms for the resulting nonstock components of returns

in the summation on the right-hand-side of (14), but these extra terms would not

eliminate the appearance of the term Et
∑∞

i=1 ρ
i
wρq∆qt+1+i.
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increasing convex cost of adjustment, g(It) = γIβt , where β > 1. As mentioned,

in the context of a stochastic discount factor, Abel and Blanchard (1986)

show that the optimality condition for investment implies the marginal cost

of investment must equal the expected present value of marginal profits to

capital, or Et−1(−∂π/∂It) = Qt. For the simple adjustment cost function given

above, optimal investment therefore implies that Et−1(γβI
β−1
t ) = Qt. When

investment is conditionally homoskedastic and lognormally distributed, this

expression can be rewritten in log form as qt = ln(γβ)+(β−1)Et−1it+1/2(β−

1)2σ2(it), where σ2(it) is the constant conditional variance of log investment.

This equation may be used to substitute out for ∆qt in (14), yielding an

expression that explicitly links the consumption-wealth ratio proxy, cayt to

future investment growth:

cayt = Et

∞
∑

j=1

ρjw

(

ρq(β− 1)∆it+1+j +(1− ρq)(mt+1+j − qt+j)+Φt+j −∆ct+j

)

.

(15)

Equation (15) shows that cayt should be a long-horizon predictor of investment

growth: cayt forms a rational forecast of future investment growth over hori-

zons for which expected returns vary, into the indefinite future. 13 Note that

this long-horizon predictability comes, not from any long-horizon relationship

between investment and Q, but from the presence of time-varying expected

returns; if expected returns were constant, the framework above would predict

no relation between cayt and future investment.

What is the economic mechanism behind the relation between cayt and future

investment given in (14)? An increase in stock prices generated by a decline

in equity risk premia will increase asset wealth, at, relative to its long-term

13 Equation (15) does not further pin down the precise timing of the linkage from

cayt to future returns, other than to say that the consumption-wealth ratio should

be systematically related to a weighted average of future returns over horizons for

which expected returns vary.
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trend with consumption, ct, and labor income, yt. Thus, a decline in the equity

risk premium causes cayt to fall since expected future returns fall. The decline

in expected future returns reduces discount rates leading to an immediate

increase in both stock prices and investment (see (6)). But since a decline in

cayt forecasts lower returns in the future, the increase in stock prices today is

also associated with lower subsequent investment growth over long-horizons

into the future (equation (15)).

3 Data and Empirical Specifications

An important task in using the left-hand-side of (15) as a forecasting variable

is the estimation of the parameters in cayt. Lettau and Ludvigson (2001a)

discuss how these parameters can be estimated consistently and why the use

of nondurables and services expenditure data to measure consumption is likely

to imply that the coefficients on asset wealth and labor income may sum to a

number less than one, as we report below. 14 Appendix A provides a complete

description of the data used to measure real consumption, ct, real asset wealth

(household net worth), at, and real, after-tax labor income, yt. The reader is

referred to Lettau and Ludvigson (2001a) for a description of the procedure

used to estimate the cointegrating parameters in (13). We simply note here

14 The use of these expenditure categories is justified on the grounds that the theory

applies to the flow of consumption; expenditures on durable goods are not part of

this flow since they represent replacements and additions to a stock, rather than a

service flow from the existing stock. But since nondurables and services expenditures

are only a component of unobservable total consumption, the standard solution to

this problem requires the researcher to assume that total consumption is a constant

multiple of nondurable and services consumption (Blinder and Deaton (1985); Gaĺı

(1990)). This assumption in turn implies that the coefficients on asset wealth and

labor income should sum to a number less than one.
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that we obtain an estimated value for cayt, which we denote ĉayt = c∗t −

0.31a∗t−0.59y∗t−0.60, where starred variables indicate measured quantities. We

use this estimated value as a forecasting variable in our empirical investigation

below.

Our financial data include a stock return from the Standard & Poor’s (S&P)

500 Composite index. Let rt denote the log real return of the S&P index and

rf,t the log real return on the 30-day Treasury bill (the “risk-freeÔrate). The log

excess return is rt− rf,t. Log price, p, is the natural logarithm of the S&P 500

index. Log dividends, d, are the natural logarithm of the sum of the past four

quarters of dividends per share. We call the log dividend-price ratio, dt − pt,

the dividend yield.

The derivation of equation (15) suggests that the the consumption-wealth ratio

may forecast investment over long horizons because it forecasts stock returns

over long-horizons. Thus, equity risk premia are linked to future investment

growth. The logic of this derivation is not limited to the dividend yield or

the consumption-wealth ratio. In principle, any variable that forecasts excess

stock returns can be said to capture time-varying equity risk premia, and

may also forecast long-horizon investment growth. The empirical asset pricing

literature has produced a number of such variables that have been shown, in

one subsample of the data or another, to contain predictive power for excess

stock returns. Shiller (1981), Fama and French (1988), Campbell and Shiller

(1988), Campbell (1991), and Hodrick (1992) all find that the ratios of price

to dividends or earnings have predictive power for excess returns. Campbell

(1991) and Hodrick (1992) find that the relative T-bill rate (the 30-day T-

bill rate minus its 12-month moving average) predicts returns, and Fama and

French (1989) study the forecasting power of the term spread (the 10-year

Treasury bond yield minus the one-year Treasury bond yield) and the default

spread (the difference between the BAA and AAA corporate bond rates). We

denote these last variables RRELt, TRMt, and DEFt respectively. Finally,
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as mentioned, Lettau and Ludvigson (2001a) find that the proxy for the log

consumption-wealth ratio, ĉayt, performs better than each of these financial

indicators as a predictor of excess stock returns in both in-sample and out-of-

sample test. We use all of these variables in our analysis below.

Just as the empirical finance literature has produced a variety of forecasting

variables for excess returns, the empirical investment literature has identified a

variety of forecasting variables for aggregate investment growth (see, for exam-

ple, Barro (1990); Blanchard et al. (1993); Lamont (2000)). These are: lagged

investment growth, Dit, (measured here as either fixed, private non-residential

investment, or split into the equipment and nonresidential structures compo-

nents separately); lagged corporate profit growth, Dprofitt, measured here as

the growth rate of after-tax corporate profits; the lagged growth rate of av-

erage Q, DqAt , as constructed in Bernanke et al. (1988); 15 and finally, lagged

gross domestic product growth, Dgdpt. Appendix A describes these data in

detail. We refer to these variables as a group as our investment controls, and

ask whether our proxies for equity risk premia have predictive content for

future investment growth above and beyond that already contained in these

variables.

To provide background on the forecastability of excess returns, the next sec-

tion begins by presenting long-horizon forecasts of excess stock returns. Once

the predictive power of each risk-premia proxy for future returns has been es-

tablished, we move on to investigate various predictive regressions for invest-

ment. The dependent variable in the investment regressions is the H-period

investment growth rate it+H − it; the dependent variable in the excess return

regressions is the H-period log excess return on the S&P Composite Index,

rt+1 − rf,t+1 + ... + rt+H − rf,t+H . For each regression, the table reports the

estimated coefficient on the included explanatory variable(s), the adjusted R2

15 The data for qAt are only available from the first quarter of 1960.
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statistic, and two sets of t-statistics. The second t-statistic (reported in curly

brackets) is computed using a procedure developed by Hodrick (1992) to ad-

dress the small sample difficulties that can arise with the use of overlapping

data in long-horizon regressions. We will refer to the t-statistic generated using

these standard errors as Hodrick t−statistics. However, since the Hodrick pro-

cedure relies on a parametric correction for serial correlation, we also report

t-statistics from standard errors that have been corrected for serial correlation

in a nonparametric way, as recommended by Newey and West (1987). The

first t-statistic (reported in parentheses) is generated from these Newey-West

standard errors for the hypothesis that the coefficient is zero.

4 Empirical Results

We now turn to long-horizon forecasts. It is useful to begin with a brief

overview of the long-horizon forecasting power of excess stock market returns.

For the purposes of this paper, we report results from simple long-horizon

regressions of the type just discussed. A more extensive analysis of the fore-

casting power of these variables that addresses out-of-sample stability and

small-sample biases can be found in Lettau and Ludvigson (2001a).

4.1 Forecasting Excess Stock Returns

Table 1 reports the results of long-horizon forecasts of excess returns on the

S&P 500 Composite Index. The regression coefficient reported gives the effect

of a one unit increase in the regressor on the cumulative excess stock return

over various horizons,H. The first row of Table 1 shows that the dividend-price

ratio has little ability to forecast excess stock returns at horizons ranging from

one to 16 quarters. This finding is attributable to including data after 1995.

The last half of the 1990s saw an extraordinary surge in stock prices relative
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to dividends, weakening the tight link between the dividend-yield and future

returns that has been documented in previous samples. The measurement

concerns discussed in the introduction are clearly part of the story. It is too

early to tell whether the behavior of dividends and prices in the late 1990s

was merely symptomatic of a very unusual period, or representative of a larger

structural change in the economy.

The second row of Table 1 shows that ĉayt forecasts the excess return on the

S&P index with t-statistics that begin above 3 at a one quarter horizon and

increase, and R2 statistics that increase from 0.07 to peak at a horizon of 12

quarters at 0.26. Note that the coefficients on ĉayt are positive, indicating that

a high value of this cointegrating error forecasts high returns and vice versa.

The relative bill rate and the term spread also have some forecasting power for

excess returns, with RRELt negatively related to future returns and TRMt

positively related. The forecasting power of both variables is concentrated at

shorter horizons than is the forecasting power of ĉayt. The default spread has

no univariate forecasting power for excess returns in this sample.

The last row of Table 1 reports the forecasting results for excess returns when

all five variables are included as dependent variables. The forecasting results

are qualitatively similar to those of the univariate regressions. At short hori-

zons, ĉayt and RRELt are marginal predictors, while the marginal predictive

power of ĉayt is present at all of the horizons reported. Interestingly, their

are now statistically significant negative coefficients on the default premium,

but the term spread has little marginal predictive power in the multivariate

regression.

Overall, these results confirm that excess returns are forecastable, but suggest

that ĉayt is the only variable that forecasts excess returns at all of the horizons

that we investigate. Accordingly, of these forecasting variables, ĉayt may be

the most robust proxy for equity risk premia. The signs of the regression
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coefficients suggest that expected returns (discount rates) vary positively with

ĉayt and TRMt, and negatively with RRELt. Since these variables forecast

excess returns, they capture movements in risk premia. Economic instinct

suggests that the sign of the regression coefficients for dt − pt and DEFt

should be positive and negative, respectively, but this reasoning is clouded

by the finding that these variables bear no statistically significant relation to

future returns in our sample.

4.2 Forecasting Investment Growth

We now turn to an investigation of the predictive power of these excess re-

turn forecasting variables for long-horizon investment growth. The loglinear Q

model given above implies that predictable movements in future investment

should be positively related to expected returns (as in (9) and (14)), while con-

temporaneous movements should be negatively related to expected returns (as

in 6). Thus, forecasting variables that are positively linked to future excess

returns should be positively linked to future investment but negatively linked

to contemporaneous investment.

As discussed above, the long-horizon forecastability of investment growth by

proxies for equity-risk premia (e.g., cayt)is attributable solely to the presence of

time-varying expected returns. Nevertheless, if, as hypothesized in (Cochrane

(1991)) and (Lamont (2000)), there are lags in the investment process (e.g.,

delivery lags, planning lags, construction lags), the sign of this forecasting re-

lation may be affected at short-horizons. As we explain below, this can occur

because firms may not immediately adjust investment when the discount rate

changes. Lamont (2000) argues that these lags can temporally shift the nega-

tive covariance between expected returns and investment implied by (6), and

he finds evidence to support this hypothesis using survey data on investment

plans.
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To understand the impact on the sign of the forecasting relation between cayt

and future returns of the hypothesized investment lags, consider the time-line

plotted in Figure 1, which shows the dynamic relation between an expected

returns (discount rate) shock and investment growth under two scenarios:

instantaneous adjustment of investment, and one quarter adjustment lag. First

note that, regardless of whether investment lags are present, expected returns

are negatively correlated with realized returns (holding fixed dividends, lower

expected returns can only be generated by future asset price depreciation

from a higher current stock price–see (8)). If expected returns, Etrt+1, decline

relative to period t − 1, (i.e., cayt falls in period t), stock prices, Pt, rise and

stock returns, rt, are positive. Expectations about stock returns between t and

t+1 are lower, however, and on average we will observe lower stock prices and

negative stock returns in period t+ 1, relative to period t.

Now consider the hypothesized behavior of investment growth in the case

of instant adjustment to a negative expected returns shock, displayed in the

top panel of Figure 1. The decline in discount rates in period t generates

higher stock prices and positive stock returns in period t; therefore the level

of investment rises and investment growth is positive in period t relative to

period t − 1. Since expected returns for t + 1 are lower, however, on average

we will observe lower stock prices and negative returns in period t+1 relative

to period t, and therefore lower investment and negative investment growth

in period t+ 1 relative to period t.

Compare this sequence of events with that in which there is a one quarter

delay in the adjustment of investment expenditures to a decrease in expected

returns. This latter scenario is depicted in the bottom panel of Figure 1. In

this case, a decline in Etrt+1 (i.e., a decline in cayt) affects the adjustment

of investment, delaying the increase until period t + 1. This delay also af-

fects the adjustment of future investment: since expected returns for t+1 are

lower, on average we will observe lower stock prices, and negative returns in
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period t + 1 relative to period t, but we will not observe lower investment

and negative investment growth until period t + 2 relative to period t + 1. A

one-period delayed adjustment generates the following empirical prediction:

when the discount rate (cayt) falls in period t, investment growth should rise

one period later at time t+1 but fall at time t+2. Thus a decrease in cayt pre-

dicts higher investment growth next quarter but lower investment growth two

quarters hence (see Figure 1). More generally with longer adjustment lags,

the correlation between risk premia proxies such as ĉayt and future invest-

ment should be negative initially, but turn positive as the horizon extends,

with the length of this extension determined by the length of the investment

lag. Therefore, a test of whether there are important lags in the investment

process is that the sign of the predictive relationship between risk premia

proxies such as ĉayt and long horizon investment growth should “flipÔ as the

horizon increases. The point at which the sign flip occurs gives an indication

of the average length of the investment lag. 16

4.2.1 Do proxies for equity risk premia forecast investment growth?

Table 2 reports the results of long-horizon regressions of the quarterly growth

rate in real fixed, private non-residential investment on the predictive variables

16 This hypothesized investment lag is distinct from the presence of adjustment

costs. If there were no adjustment costs, Q would always be equal to one. In the

presence of adjustment costs, Q is not always equal to one and fluctuations in the

discount rate will induce fluctuations in Q and therefore investment expenditures.

But such adjustment costs would not cause a delay in the reaction of investment

to a discount rate-generated movement in Q. With no investment lags and a simple

quadratic specification for adjustment costs, for example, investment is a linear

function of current Q only. By contrast, investment lags are hypothesized to produce

a delay in the adjustment of investment to a discount rate-generated movement in

Q.
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for excess stock returns whose forecasting power is displayed in Table 1.

The first row of Table 2 shows that the dividend yield has forecasting power

for future investment growth over a range of horizons, but there are numer-

ous negative coefficients in these regressions, indicating that high dividend-

price ratios predict low, not high, investment. This is inconsistent with the

investment lag story given above because, at least at long horizons, a low

dividend-yield should predict low returns and therefore low, not high, invest-

ment growth. Again, however, this variable may have become a poor proxy for

equity risk premia, as suggested by its paltry display of forecasting power for

excess returns in samples that include recent data. Thus, it would not be sur-

prising to find that any predictive power this variable may have otherwise had

for investment has broken down as well. The second row of Table 2 shows the

predictive power of the dividend-price ratio for investment growth using data

through only 1994:Q4. Although the sign of the predictive relationship still

does not eventually become positive, the coefficient estimates themselves are

now statistically indistinguishable from zero as the horizon increases, suggest-

ing that recent data (which has driven the dividend-yield to unprecedented

low levels) may have generated a spurious negative relation between dt − pt

and long-horizon investment growth.

The results using ĉayt as a predictive variable are quite different from those

using dt − pt. Row 3 shows that the sign pattern of the predictive relation

is now consistent with the investment model discussed above when there are

investment lags of the type postulated in Lamont (2000): higher values of ĉayt

predict higher excess returns over long horizons (Table 1), lower investment at

shorter horizons but higher investment as the horizon extends. At horizons in

excess of 4 quarters, the consumption-wealth ratio has positive and strongly

statistically significant coefficients for investment growth and explains a sub-

stantial fraction of the variation in investment growth. At a horizon of eight

quarters, the t-statistics start above three and increase, while the R2 statistics
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rise from 0.13 to 0.18 and back down to 0.16 as the horizon extends from eight

to 16 quarters. These results are consistent with the view that changes in eq-

uity risk premia predict real investment growth, but that this predictive power

is concentrated at longer-horizons. The result says that, when stock prices in-

crease today as a result of a decline in equity risk premia (wealth is driven

above its long-term trend with asset values and labor income), investment

growth over the next 1 to 4 years is predicted decline.

The detrended short rate, RRELt follows a forecasting pattern that is similar

to that of ĉayt. Higher values of RRELt predict lower excess returns (Table

1), higher investment at shorter horizons and lower investment as the horizon

extends. Although the R2 statistics suggest that the fraction of variation in

future investment growth that is explained by RRELt is less than that of ĉayt,

the sign of the predictive relationship is again consistent with the one predicted

by the qt model give above, allowing for lags in the investment process. Thus,

the two variables that have the strongest forecasting power for future excess

stock returns also have strong forecasting power for future investment growth

over long-horizons.

The results for the term spread and the default spread do not conform to

the economic interpretation given above, but there are good reasons why this

might be so. Neither of these variables have much forecasting power for excess

returns, suggesting that they may be relatively poor proxies for time-varying

equity risk premia. Default premia may be more closely linked to investment

through their influence on debt finance rather than equity finance. This could

explain why the default spread shows little forecasting power for future eq-

uity returns, yet has some forecasting power for investment growth at short

horizons (row 6).

The term spread has strong forecasting power for investment (Table 2, row

5), however, the economic mechanism behind this predictive power is likely to
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be quite different from that behind the forecasting power of the risk premia

proxies ĉayt and RRELt. The behavior of the yield spread is clearly affected

by inflationary expectations and monetary policy, and recent theoretical work

suggests that the predictive power of the term spread for economic growth may

depend on the degree to which the monetary authority reacts to deviations

in output from potential (Estrella (1998)). Moreover, results elsewhere (e.g.,

Lettau and Ludvigson (2001a)) show that ĉayt and RRELt display predictive

power for excess returns that is far superior to that of TRMt, suggesting

that the former are indeed better proxies for time-varying risk premia. On

the other hand, it is well known that term spreads are potent forecasters

of real activity, particularly output growth (Stock and Watson (1989); Chen

(1991); Estrella and Hardouvelis (1991)), thus it is not surprising to find the

term spread forecasts investment growth (row 4, Table 2). A positive slope

on the yield is associated with higher investment growth (comparable with

the results reported in Estrella and Hardouvelis (1991)). Of all the forecasting

variables considered in Table 2, TRMt displays the strongest forecasting power

(in terms of R2) at a horizon of eight quarters, but less predictive power than

the consumption-wealth ratio proxy, ĉayt at longer horizons.

The last row of Table 2 reports the results of long-horizon regressions of real

investment growth in one multiple regression using ĉayt, RRELt, TRMt, and

DEFt as predictive variables. All of the variables display marginal predictive

power for investment growth at some horizons, with that of ĉayt concentrated

at horizons in excess of four quarters, and that of the other three variables

concentrated at horizons less than eight quarters. The R2 pattern is hump-

shaped. By including all four variables, the regression specification now has

forecasting power for investment growth at every horizon we consider, and the

adjusted R2 statistic peaks at 0.30 at a two year horizon.

In summary, the results presented in Table 2 suggest that, when excess stock

returns are forecast to decline in the future, investment growth is also fore-
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cast to decline. Variables, such as ĉayt and RRELt, that are predictors of

excess returns also predict future investment growth. Variables such as TRMt

and DEFt also have forecasting power for future investment growth, but this

predictive power appears to be unrelated to time-variation in the equity risk-

premium, since these variables are inferior predictors of excess stock returns

and are likely to be linked to future investment for reasons related to debt

finance, inflation expectations, and monetary policy.

The results in Table 2 are for fixed, private, nonresidential investment as

a whole. This measure of investment can be split into investment in equip-

ment and software, and investment in nonresidential structures. This split is

of some interest because it is widely believed that these components often

behave differently. Thus, we now report the results of forecasting regressions

for investment growth in nonresidential structures (Table 3), and equipment

(Table 4).

The same difficulty with the predictive power of the dividend yield for total

investment arises for investment in structures and equipment separately. By

contrast, the consumption-wealth ratio proxy, ĉayt has forecasting power for

both components of investment at horizons exceeding 4 quarters: it explains

about 14 percent of structures investment and 12 percent of equipment invest-

ment at a horizon of 3 years. The relative bill rate, RRELt, has forecasting

power for structures investment at long horizons and for equipment investment

at short horizons.

The predictive power of the term spread for total investment is almost entirely

attributable to its predictive power for investment spending on structures. For

example, TRMt explains 31 percent of the variation in structures investment

growth over an eight quarter horizon, but it explains virtually none of the

variation in equipment investment over any horizon. Finally, the R
2
statistics

from multivariate regressions including ĉayt, RRELt, TRMt, and DEFt as
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predictive variables suggest that these variables as a whole explain a greater

fraction of future investment spending in structures than in equipment and

do so at longer horizons: the R
2
statistics for investment in structures (Table

3) peak at 34 percent over an eight quarter horizon, whereas they peak at 22

percent for investment growth in equipment over a 2 quarter horizon.

4.2.2 Do risk premia proxies forecast relative to traditional predictive vari-

ables?

So far we have investigated the degree to which investment growth is fore-

castable by a set of variables shown elsewhere, at one time or another, to

have had predictive power for excess stock returns. Yet there is a long list

of alternative forecasting variables for investment that have been studied in

the empirical literature on aggregate investment. We refer to these variables

as a group as ‘traditional’ forecasting variables and call them our investment

control variables. A remaining question is whether our proxies for equity risk

premia contain any information about future investment that is not already

contained in these traditional forecasting variables. These traditional variables

are: lagged investment growth, Dit, lagged profit growth, Dprofitt, lagged

growth in the market’s valuation of capital relative to its replacement cost

(average Qt growth), DqAt , and lagged GDP growth, Dgdpt. Table 5 gives an

idea of how well these traditional variables forecast total investment growth

(structures plus equipment) in our sample.

Rows one through four of Table 5 shows that all these variables have fore-

casting power for investment growth in a univariate setting. Not surprisingly,

lags of investment growth are strong predictive variables at horizons up to one

year; a similar result occurs using the lagged value of Dgdpt as the predictive

variable. There are several statistically significant coefficients on lagged DqAt

at horizons ranging from two quarters and beyond, but the R2 statistics indi-

cate that this variable explains very little of the variation in future investment.
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Consistent with what has been reported elsewhere, profit growth has strong

predictive power for investment growth, with t-statistics around four and an

R2 statistic that peaks at 16 percent at a two quarter horizon. Dprofitt is

the only variable that appears to have forecasting power for investment at

horizons beyond one year (row 2).

The last row of Table 5 reports the results of a multivariate regressions of

long-horizon investment growth on Dit, Dprofitt, DqAt and Dgdpt. We call

this our benchmark investment regression. The results suggest that these tra-

ditional investment forecasting variables have joint predictive power that is

more concentrated at short horizons relative to the equity-premium proxies

in Table 2. For example, the R
2
statistic from a multivariate regression using

Dit, Dprofitt, DqAt and Dgdpt as predictive variables peaks at 0.37 at a two

quarter horizon, but declines to 0.08 at a 12 quarter horizon. By contrast, the

R
2
statistic from a multivariate regression using ĉayt, RRELt, TRMt, and

DEFt as predictive variables (Table 2) peaks at 0.29 eight quarters quarters

out, but is still 0.26 at a 12 quarter horizon. Thus, risk premia proxies tell

us something about the path of investment growth over longer horizons into

the future than do the traditional forecasting variables for investment. The

long-horizon nature of this forecasting ability is precisely what is predicted by

the log-linear q framework with time-varying expected returns (see 15).

Do proxies for equity risk premia contain any information for future investment

growth that is not already contained in the investment controls? To address

this question, Table 6 assesses the marginal predictive power of each risk-

premium proxy relative to four benchmark investment controls,Dit, Dprofitt,

DqAt and Dgdpt. Rows one through four present the results of forecasting

investment growth over various horizons, adding ĉayt, RRELt, TRMt, and

DEFt, one at a time, to this set of four regressors. Row 5 reports the results

of including all eight indicators, Dit, Dprofitt, DqAt , Dgdpt, ĉayt, RRELt,

TRMt, DEFt as predictive variables for Dit+1+h.
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Row 1 of Table 6 shows that when the consumption-wealth ratio proxy, ĉayt,

is added to the benchmark investment regression, lagged investment growth,

averageQt growth and GDP growth all have marginal predictive power at some

horizons less than one year, but very little beyond one year. By contrast, both

profit growth and ĉayt have strong marginal predictive power for investment

growth at horizons in excess of one year, but none before hand. Nevertheless,

a comparison of R
2
statistics in Tables 2 (row 3) and 5 (row 2) shows that

ĉayt explains a larger fraction of the variation in future investment growth

at long horizons than does Dprofitt. The regression coefficients on ĉayt in

Table 6 are uniformly positive beyond two quarters and statistically significant

beyond four horizons, suggesting that ĉayt contains information for future

investment growth not already captured by traditional predictive variables

for investment. Furthermore, the incremental predictive impact of ĉayt on

future investment growth is economically large: adding ĉayt to the benchmark

predictive variables allows the regression to predict an additional 15 percent

of the variation in investment growth 4 years ahead. This result reinforces the

notion that proxies for equity risk premia are likely to have their strongest

predictive power for investment growth over longer horizons.

Turning to the marginal predictive power of the other variables, there are no

statistically significant coefficients on the relative bill rate, RRELt in row 2 of

Table 6, indicating that it contains little information about future investment

growth that is not already contained in the four benchmark control variables.

On the other hand, both the term and default spreads are found to have

marginal predictive power at one horizon or another, and the increment to

the adjusted R2 from adding TRMt to the benchmark regression is sometimes

in excess of 10 percent (compare Tables 5 and 6).

Finally, when all eight variables, Dit, Dprofitt, DqAt , Dgdpt, ĉayt, RRELt,

TRMt, DEFt, are included as regressors for future investment growth, the

regression explains a much larger fraction of the variation in future investment
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growth at long horizons than does the benchmark model using only investment

controls, whereas it explains only a very modest additional fraction of the

variation at short horizons. For example, using just the investment controls,

the regression explains just 11 percent of investment growth over an eight

quarter horizon, compared to 32 percent when the equity risk premia controls

and the term spread are included. Only ĉayt and Dprofitt have marginal

predictive power at very long horizons, whileDit,DqAt , TRMt, andDEFt have

marginal predictive power at shorter horizons. But, more significantly, with

the inclusion of the equity risk premium controls, the empirical specification

now has forecasting power for investment growth at horizons both long and

short, and that the total fraction of variation in long horizon returns that is

predicted remains substantial even after three years.

Overall, these results suggest that a new model of investment predictability

is warranted. The standard empirical model accounts for variation in lagged

investment, output growth and profit growth, but ignores important varia-

tion in proxies for equity risk premia, which can pull the predictive power

up on the long-end. ĉayt is a strong predictor of both excess stock returns

and investment growth over long horizons. Thus, where excess stock returns

are predicted to go, so goes expected investment growth. The term spread is

also an important predictor of investment growth, but the interpretation of

this result seems to have little to do with its role as a proxy for equity risk

premia. RRELt, in turn, has predictive power for investment growth relative

to the other variables that have been shown elsewhere to forecast returns,

but contains little information that is not already captured by the traditional

investment controls. It follows that by far the strongest evidence that equity

risk premia are related to future investment comes from the log consumption-

aggregate wealth ratio proxy, a variable that has marginal predictive power

for long-horizon investment growth controlling for both macroeconomic and

financial variables.
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We conclude this section by briefly comparing the long-horizon forecasting

results in Table 6 with results from an alternative approach, which computes

long-horizon statistics without actually measuring data over a long-horizon.

We do this as a robustness check. This alternative approach uses vector au-

toregressions (VARs) to impute long-horizon statistics rather than estimating

them directly; in particular, an implied long–horizon R2 statistic may be com-

puted giving the fraction of variation in the long-horizon investment growth

that is explained by the regressors. The advantage of this approach is that

it avoids small sample biases that may occur in single equation techniques

that can be especially pronounced when the horizon is large relative to the

sample size. Hodrick (1992) investigates the small sample properties of the

VAR methodology and finds that it has correct size and supplies long-horizon

statistics that are unbiased measurements. The methodology for measuring

long-horizon statistics by estimating a VAR has been covered by Campbell

(1991), Hodrick (1992), and Kandel and Stambaugh (1989), and we refer the

reader to those articles for a description of the approach.

Table 7 gives the results from estimating two VARs. The first system is a four

variable VAR that includes the benchmark investment controls Dit, Dprofitt,

DqAt , Dgdpt; the second adds the consumption-wealth proxy ĉayt to this set

of variables. For each horizon we consider, we calculate an implied R2 using

the coefficient estimates of the VAR and the estimated covariance matrix of

the VAR residuals. The numbers reported in Table 7 for each specification are

the implied R2 statistics from regressions of long-horizon investment growth

on the other variables in the system.

The pattern of the implied R2 statistics is very similar to that from the single

equation regressions presented in Tables 5 and 6, indicating that those results

are robust to the vector autoregression approach. Comparing Rows 1 and 2

of Table 7 gives an idea of how much additional predictive power is added to

to the benchmark regression by including the equity risk-premium variable,
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ĉayt. Including this variable in the forecasting regression improves the fit only

marginally at short horizons, but improves it quite a lot at long horizons.

For example, adding observations on ĉayt to the empirical specification allows

the regression to predict an additional two percent of the variation in next

quarter’s investment growth, but an additional nine percent of the variation in

investment growth over a 12 quarter horizon. Interestingly, the VAR coefficient

estimates (not reported) indicate that the first lag of ĉayt in the investment

growth equation is negative and now statistically significant, while lags two

through four are all positive and significant. This finding is consistent with

the investment lag story given above: an increase in stock prices driven by a

decline in discount rates, drives down ĉayt, and should be associated with an

increase in investment immediately, but because of investment lags is instead

associated with an increase investment after about one quarter; hence the

negative coefficient on the first lag of ĉayt. On the other hand, values of ĉayt

lagged at least two quarters have a positive impact on investment growth,

as would be expected from the long-horizon relation in (14) once short-run

adjustment problems have been overcome.

5 Concluding Remarks

At least since the work of Tobin (1969), economists have understood that the

stock market is likely to be linked to the real economy through investment.

Tobin argued that optimal investment should be an increasing function of

average Q–the ratio of the market valuation of capital to the replacement

cost of capital. Since the market valuation of capital depends on the current

stock price, the theory implies a positive contemporaneous covariance between

stock prices and investment. Yet the literature’s focus on how stock prices

and investment should be theoretically related often ends there. This may

be because many macroeconomists are accustomed to thinking in terms of
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constant discount rates, implying that stock returns are approximately i.i.d.

If changes in stock returns today imply nothing about the future path of the

stock market, they also imply nothing about the future path of investment.

In this paper, we focus on the covariance between stock returns and future

investment. If discount rates are not constant, movements in the stock market

today will not be independent of future movements. A large body of research

in financial economics suggests that discount rates do fluctuate, and that their

movements may be revealed by (for example) fluctuations in stock prices rela-

tive to dividends or earnings, asset values relative to their common trend with

consumption and labor income, or short term real interest rates. Moreover,

this research finds that it is the expected excess return component of dis-

count rates, or the equity risk premium, that varies the most over time. Under

these circumstances, the implication for investment of higher stock prices to-

day does not end with its contemporaneous relation to investment. Instead,

classic models of investment imply that higher stock prices, generated by a

decline in discount rates, should be associated with an increase in investment

growth today, but a decrease in investment growth in the future.

We present empirical results that are consistent with this hypothesis: the log

consumption-wealth ratio, a predictor of excess stock market returns, also pre-

dicts long-horizon investment growth, both relative to traditional investment

forecasting variables, and relative to other variables shown elsewhere to pre-

dict excess stock returns. Further, the sign of this predictive relationship is

consistent with the simple Q model outlined in this paper, when investment

lags of about one to two quarters are present.

In previous work, we have found that large swings in financial assets need

not be associated with large subsequent movements in aggregate consumption

(Ludvigson and Steindel (1999); Lettau and Ludvigson (2001a); Lettau and

Ludvigson (2001b)). The results in this paper offer strikingly different conclu-
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sions for aggregate investment spending, suggesting an important connection

between transitory fluctuations in asset prices and the real economy. A de-

cline in the equity risk premium is likely to increase investment within a few

quarters time, via the usual cost-of-capital effects. But because such move-

ments also forecast a decline in future stock returns, the analysis presented

here suggests that these favorable cost of capital effects will eventually dete-

riorate, foretelling a reduction in future long-horizon investment growth. An

implication of this finding is that fluctuations in market risk premia can create

temporary investment opportunities as stock returns rise and fall predictably

over long horizons.

Among the most salient aspects of the U.S. economy in the last half of the

1990s was the extraordinary growth in stock prices, coupled with strong growth

in investment spending. The stock market surge also led asset wealth to soar

away from its long-term trend with consumption and labor income, causing

ĉayt to fall well below its sample mean, suggesting a sharp decline in discount

rates and a bearish stock market in the year 2000 and beyond. As of this

writing, returns on broad stock market indexes have fallen roughly 26 percent

since their highs a little over a year ago, as anticipated by the low values

reached by ĉayt in the last part of the 1990s. The analysis conducted here

suggests that these low values were not merely bearish for the future of stocks,

but also for the future of investment growth. Only time will tell whether such

foreboding movements in ĉayt for the stock market have also foretold a future

with significantly slower aggregate investment spending.
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Appendix A: Data Description

This Appendix describes the data used in our study.

AFTER-TAX LABOR INCOME

Labor income is defined as wages and salaries + transfer payments + other

labor income - personal contributions for social insurance - taxes. Taxes are

defined as [wages and salaries/(wages and salaries + proprietors’ income with

IVA and Ccadj + rental income + personal dividends + personal interest

income)] times personal tax and nontax payments, where IVA is inventory

valuation and Ccadj is capital consumption adjustments. The quarterly data

are in current dollars. We obtain a real, per capita measure by dividing this

current dollar value by the deflator and the population measure listed in this

appendix. Our source is the Bureau of Economic Analysis.

CONSUMPTION

Consumption is measured expenditures on nondurables and services, excluding

shoes and clothing. The quarterly data are per capita, seasonally adjusted at

annual rates, in billions of chain- weighted 1996 dollars. The components are

chain-weighted together, and this series is scaled up so that the sample mean

matches the sample mean of total personal consumption expenditures. Our

source is the U.S. Department of Commerce, Bureau of Economic Analysis.

DEFAULT SPREAD

The default spread is the difference between the BAA corporate bond rate

and the AAA corporate bond rate. Our source is the Moody’s Corporate

Bond Indices.
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GROSS DOMESTIC PRODUCT

Gross Domestic Product is seasonally adjusted and measured in chain-weighted

1996 dollars. Our source is the Bureau of Economic Analysis.

INVESTMENT

Investment is fixed private non-residential investment, seasonally adjusted in

chain-weighted 1996 dollars. Our source is the Bureau of Economic Analysis.

INVESTMENT- EQUIPMENT AND SOFTWARE

Investment in equipment and software is fixed private non-residential invest-

ment in equipment and software, seasonally adjusted in chain-weighted 1996

dollars. Our source is the Bureau of Economic Analysis.

INVESTMENT - STRUCTURES

Investment in structures is fixed private non-residential investment in struc-

tures, seasonally adjusted in chain-weighted 1996 dollars. Our source is the

Bureau of Economic Analysis.

PRICE DEFLATOR

The nominal after-tax labor income and wealth data are deflated by the per-

sonal consumption expenditure chain-type deflator (1996=100), seasonally ad-

justed. Our source is the Bureau of Economic Analysis.

POPULATION

A measure of population is created by dividing real total disposable income

by real per capita disposable income. Our source is the Bureau of Economic
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Analysis.

PROFITS

Profits are after-tax corporate profits with inventory valuation and capital

consumption adjustments, seasonally adjusted in current dollars. Our source

is the Bureau of Economic Analysis.

AVERAGE Q: qA

Average Q is computed from the tax-adjusted formula in Bernanke et al.

(1988) as follows:

qAt =
(

1
1−τt

) [

(Vt−Bt)+Dt

At
+ ITCt + τtzt − 1

]

Vt is the market value of equity in nonfarm, nonfinancial corporate business;

Dt is the value of total liabilities in nonfarm, nonfinancial corporate business;

At is the value, in current dollars, of the stock of equipment, nonresidential

structures, and inventories for nonfarm, nonfinancial corporate businesses; the

source for these series was the Federal Reserve Board’s Flow of Funds accounts.

τt is the maximum corporate tax rate in effect during quarter t, and is taken

from the Federal Reserve Board’s Quarterly Econometric Model (see Bray-

ton and Mauskopf (1985) for the construction of variables in the Quarterly

Model). zt is a weighted average of the present value of $1 of depreciation

allowances for equipment and for non-residential structures, with the weights

equal to the shares of equipment and nonresidential structures in total current-

dollar business fixed investment. Depreciation allowances were calculated by

discounting the stream of future tax depreciation allowances using the discount

rate (1− τ)RBt, where RBt is the interest rate on ten-year treasury bonds,

from the Federal Reserve. ITCt is the average rate of investment tax credit
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for equipment, taken from the Federal Reserve Board’s Quarterly Econometric

Model, multiplied by the share of equipment in total current-dollar business

fixed investment. Finally, Bt measures the present value of the depreciation

allowances still to be taken on the existing capital stock:

Bt = KTAXtτt

(

∫∞
0

δTt · e−[δTt +RBt(1−τ)s]ds
)

= KTAXtτt
{

δTt /
[

δTt +RBt (1− τt)
]}

KTAXt measures the current-dollar stock of equipment and nonresidential

structures in nonfarm, nonfinancial corporate business yet to be depreciated

for tax purposes, and was generated through the perpetual inventory method.

Because no initial value ofKTAXt is observed, it is simply set in 1929 equal to

the Bureau of Economic Analysis’ (BEA) current dollar net stock of equipment

and nonresidential structures in nonfarm, nonfinancial corporate business (by

starting the calculation well before the beginning of our sample period, we re-

duce the effect of errors in the initial value of KTAXt). KTAXt is then calcu-

lated through 2000:3 based on the relationKTAXt = KTAXt−1−CCAt+INt,

where CCAt is capital consumption allowances on existing equipment and

nonresidential structures from the NIPAs (excluding the adjustment from tax

depreciation to economic depreciation) and INt is current-dollar investment

these assets, also from the NIPAs. Given the estimated series for KTAXt, we

then compute the rate of tax depreciation, δTt , as CCAt/KTAXt.

RELATIVE BILL RATE

The relative bill rate is the 3-month treasury bill yield less its four-quarter

moving average. Our source is the Federal Reserve Board.

RETURNS

Returns are the return on the Standard and Poor Index of 500 stocks.. Quar-

terly data are converted from monthly data. Our source is Standard and Poor.
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S&P 500 DIVIDEND-PRICE RATIO

The S&P 500 dividend-price ratio is the dividend yield for the S&P Composite

500 Index, with four-quarter trailing dividends. Our source is Standard and

Poor.

TERM SPREAD

The term spread is the difference between the 10-year treasury bond yield and

the 3-month treasury bill yield. Our source is the Board of Governors of the

Federal Reserve System.

WEALTH

Total wealth is household net wealth in billions of current dollars, measured

at the end of the period. We lag this series one period to produce a measure

of beginning of period wealth. Stock market wealth includes direct household

holdings, mutual fund holdings, holdings of private and public pension plans,

personal trusts, and insurance companies. Nonstock wealth is the residual of

total wealth minus stock market wealth. Our source is the Board of Gover-

nors of the Federal Reserve System. We obtain a real, per capita measure by

dividing this current dollar value by the deflator and the population measure

listed in this appendix.
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Table 1: Forecasting Stock Returns

row Regressors Forecast Horizon H
1 2 4 8 12 16

1 dt − pt 0.58 1.55 3.11 3.72 3.27 3.25
(0.88) (1.43) (1.32) (0.82) (0.60) (0.55)
{0.93} {1.26} {1.33} {0.87} {0.54} {0.43}

[0.00] [0.01] [0.03] [0.02] [0.01] [0.01]
2 ĉayt 1.77 3.34 5.95 9.65 11.10 11.02

(3.26) (4.29) (3.23) (4.50) (3.85) (3.52)
{3.08} {2.98} {2.85} {2.67} {2.49} {2.33}

[0.07] [0.10] [0.17] [0.24] [0.26] [0.22]
3 RRELt -0.02 -0.04 -0.07 -0.04 -0.03 -0.04

(-3.90) (-3.35) (-2.92) (-1.68) (-1.21) (-1.00)
{-2.95} {-2.83} {-3.09} {-1.15} {-0.71} {-0.77}

[0.05] [0.06] [0.11] [0.02] [0.01] [0.01]
4 TRMt 0.01 0.02 0.03 0.02 0.04 0.06

(2.35) (2.02) (1.99) (1.47) (1.89) (2.52)
{2.24} {1.92} {1.63} {0.66} {0.84} {1.18}

[0.03] [0.04] [0.06] [0.01] [0.03] [0.08]
5 DEFt 0.01 0.02 0.00 -0.06 -0.06 -0.05

(0.90) (0.65) (0.11) (-1.10) (-0.94) (-0.54)
{0.89} {0.58} {0.07} {-0.58} {-0.46} {-0.28}

[0.00] [0.00] [0.01] [0.01] [0.01] [0.00]
6 dt − pt -0.05 0.94 3.50 5.36 5.20 5.82

(-0.07) (0.74) (1.82) (1.33) (1.05) (0.96)
{-0.08} {0.75} {1.47} {1.23} {0.85} {0.73}

ĉayt 1.61 2.83 4.77 9.05 10.15 8.83
(2.80) (3.07) (3.37) (3.85) (3.03) (2.48)
{2.69} {2.59} {2.56} {2.61} {2.18} {1.68}

RRELt -0.02 -0.04 -0.07 -0.05 -0.02 0.01
(-3.11) (-2.66) (-3.49) (-1.73) (-0.50) (0.26)
{-2.30} {-2.19} {-3.04} {-1.38} {-0.36} {0.22}

TRMt 0.00 0.00 0.00 -0.01 0.01 0.05
(-0.15) (-0.02) (-0.05) (-0.33) (0.59) (1.65)
{-0.12} {-0.01} {-0.03} {-0.23} {0.30} {0.94}

DEFt 0.00 -0.02 -0.09 -0.16 -0.15 -0.14
(-0.19) (-0.93) (-2.66) (-3.33) (-2.37) (-1.70)
{-0.18} {-0.76} {-1.60} {-1.58} {-1.19} {-0.93}

[0.08] [0.14] [0.27] [0.31] [0.30] [0.27]



Notes: The table reports results from long-horizon regressions of excess returns

on lagged variables. H denotes the return horizon in quarters. The depen-

dent variable is the sum of H log excess returns on the S&P composite index,

rt+1 − rf,t+1 + ... + rt+H − rf,t+H . The regressors are one-period lagged values

of the deviations from trend ĉayt, the log dividend yield dt − pt, the detrended

short-term interest rate RRELt, the term-spread TRM, the default spread DEF,

and combinations thereof. For each regression, the first number associated with

each regressor is the OLS estimate of the coefficients for that regressor; the second

number, in parentheses, is the Newey-West corrected t-statistic; the third num-

ber, in curly brackets, is the Hodrick (1992)-corrected t-statistic; and the fourth

number, in square brackets is the adjusted R2 statistic for the regression. The

sample period is fourth quarter of 1952 to third quarter 1999.



Table 2: Forecasting Investment Growth

row Regressors Forecast Horizon H
1 2 4 8 12 16

1 dt − pt -0.77 -1.50 -2.40 -2.69 -3.35 -4.74
(-3.21) (-3.36) (-3.16) (-1.85) (-1.63) (-2.00)
{-4.57} {-4.67} {-4.10} {-2.48} {-2.24} {-2.35}

[0.10] [0.13] [0.11] [0.05] [0.06] [0.09]
2 dt − pt -0.78 -1.45 -1.91 -0.84 -0.71 -1.96

to Q4 94 (-2.38) (-2.41) (-1.95) (-0.55) (-0.36) (-0.90)
{-3.42} {-3.34} {-2.46} {-0.58} {-0.35} {-0.72}

[0.07] [0.08] [0.05] [0.00] [0.00] [0.01]
3 ĉayt -0.19 -0.05 0.89 3.54 4.83 4.86

(-1.14) (-0.17) (1.35) (3.20) (4.34) (3.46)
{-1.44} {-0.24} {2.15} {4.11} {4.33} {3.86}

[0.00] [-0.01] [0.02] [0.13] [0.18] [0.16]
5 RRELt 0.01 0.01 0.00 -0.03 -0.04 -0.03

(2.40) (2.08) (0.40) (-3.12) (-2.87) (-1.61)
{3.26} {2.56} {0.42} {-2.99} {-3.23} {-2.15}

[0.06] [0.04] [0.00] [0.06] [0.07] [0.02]
5 TRMt 0.00 0.01 0.02 0.04 0.04 0.03

(1.83) (2.34) (3.28) (3.78) (3.25) (1.99)
{2.12} {2.82} {4.01} {4.32} {3.21} {2.31}

[0.01] [0.04] [0.12] [0.23] [0.15] [0.09]
6 DEFt -0.02 -0.03 -0.03 -0.02 -0.01 -0.02

(-3.59) (-2.72) (-1.64) (-0.51) (-0.18) (-0.33)
{-4.67} {-3.69} {-2.10} {-0.61} {-0.19} {-0.29}

[0.09] [0.07] [0.03] [0.00] [0.00] [0.00]
7 ĉayt -0.33 -0.38 0.15 2.25 3.78 4.14

(-2.56) (-1.45) (0.27) (2.36) (3.56) (3.00)
{-2.65} {-1.73} {0.37} {3.10} {4.07} {3.98}

RRELt 0.01 0.02 0.02 0.00 -0.02 -0.01
(4.08) (3.94) (2.63) (-0.40) (-0.92) (-0.32)
{5.17} {4.89} {3.61} {-0.51} {-1.33} {-0.44}

TRMt 0.01 0.02 0.03 0.04 0.02 0.02
(3.92) (4.09) (3.92) (3.31) (1.76) (1.11)
{5.54} {5.56} {5.23} {3.91} {2.16} {1.54}

DEFt -0.01 -0.02 -0.03 -0.04 -0.04 -0.04
(-2.73) (-2.18) (-1.71) (-1.32) (-0.84) (-0.76)
{-3.57} {-2.85} {-2.28} {-1.57} {-0.92} {-0.76}

[0.26] [0.25] [0.22] [0.29] [0.26] [0.19]



Notes: See Table 1. The table reports results from long-horizon regressions of

investment growth on lagged variables. The dependent variable is the H-period

growth of fixed, private non-residential investment, it+h − it.



Table 3: Forecasting Investment Growth (Structures)

row Regressors Forecast Horizon H
1 2 4 8 12 16

1 dt − pt -1.02 -1.96 -3.03 -3.67 -4.93 -6.54
(-4.02) (-4.28) (-3.88) (-2.18) (-2.01) (-2.29)
{-5.24} {-5.28} {-4.42} {-2.89} {-2.88} {-2.84}

[0.12] [0.15] [0.13] [0.08] [0.1] [0.14]
2 dt − pt -1.10 -2.00 -2.62 -1.86 -2.34 -3.64

to Q4 94 (-3.24) (-3.28) (-2.58) (-0.98) (-0.93) (-1.31)
{-4.24} {-4.03} {-2.85} {-1.08} {-1.01} {-1.17}

[0.09] [0.11] [0.07] [0.01] [0.02] [0.05]
3 ĉayt -0.22 -0.04 1.00 3.68 4.84 4.67

(-1.16) (-0.11) (1.28) (2.93) (3.75) (2.62)
{-1.43} {-0.16} {1.99} {3.61} {3.69} {3.22}

[0.00] [-0.01] [0.01] [0.11] [0.14] [0.11]
4 RRELt 0.01 0.01 -0.01 -0.06 -0.06 -0.04

(1.74) (0.89) (-2.50) (-5.16) (-3.47) (-2.33)
{2.19} {0.92} {-1.59} {-4.01} {-3.94} {-3.13}

[0.02] [0.00] [0.01] [0.14] [0.12] [0.05]
5 TRMt 0.01 0.01 0.03 0.05 0.05 0.04

(3.02) (3.88) (4.83) (5.05) (3.92) (2.38)
{3.15} {4.10} {5.14} {4.98} {3.63} {2.54}

[0.04] [0.09] [0.21] [0.31] [0.18] [0.09]
6 DEFt -0.02 -0.02 -0.02 0.00 0.02 0.02

(-3.01) (-1.98) (-0.87) (0.11) (0.47) (0.39)
{-3.67} {-2.48} {-1.04} {0.13} {0.44} {0.32}

[0.05] [0.03] [0.01] [-0.01] [0.00] [0.00]
7 ĉayt -0.46 -0.57 -0.14 1.90 3.40 3.64

(-2.86) (-1.80) (-0.20) (1.80) (2.56) (1.95)
{-2.96} {-2.09} {-0.27} {2.19} {3.14} {3.11}

RRELt 0.01 0.02 0.01 -0.02 -0.03 -0.02
(3.83) (3.18) (1.47) (-1.50) (-1.47) (-0.85)
{4.44} {3.59} {1.91} {-1.82} {-2.20} {-1.21}

TRMt 0.01 0.02 0.04 0.04 0.03 0.02
(5.01) (5.07) (4.80) (4.06) (1.87) (1.11)
{6.04} {6.02} {5.64} {4.09} {2.19} {1.29}

DEFt -0.01 -0.02 -0.03 -0.03 -0.01 -0.01
(-2.25) (-1.75) (-1.39) (-0.81) (-0.26) (-0.13)
{-2.75} {-2.15} {-1.60} {-0.86} {-0.25} {-0.12}

[0.21] [0.21] [0.24] [0.34] [0.25] [0.15]



Notes: See Table 1. The table reports results from long-horizon regressions of

investment growth on lagged variables. The dependent variable is the H-period

growth of fixed, private non-residential investment in structures, ist+h − ist .



Table 4: Forecasting Investment Growth (Equipment)

row Regressors Forecast Horizon H

1 2 4 8 12 16

1 dt − pt -0.19 -0.40 -0.71 -0.02 0.52 -0.35

(-0.65) (-0.67) (-0.64) (-0.01) (0.23) (-0.13)

{-0.92} {-0.99} {-0.92} {-0.02} {0.25} {-0.12}

[0.00] [0.00] [0.00] [-0.01] [0.00] [-0.01]

2 dt − pt -0.15 -0.35 -0.41 1.35 2.44 1.26

to Q4 94 (-0.39) (-0.45) (-0.29) (0.65) (1.01) (0.44)

{-0.55} {-0.65} {-0.40} {0.71} {0.90} {0.34}

[0.00] [0.00] [0.00] [0.00] [0.02] [0.00]

3 ĉayt -0.10 -0.01 0.75 2.95 4.09 4.30

(-0.57) (-0.04) (1.20) (2.52) (3.07) (3.05)

{-0.68} {-0.04} {1.54} {3.23} {3.45} {3.18}

[0.00] [-0.01] [0.01] [0.08] [0.12] [0.10]

4 RRELt 0.01 0.02 0.03 0.01 0.00 0.01

(3.34) (3.84) (3.35) (0.74) (-0.09) (0.48)

{4.59} {4.94} {3.70} {0.69} {-0.11} {0.51}

[0.10] [0.16] [0.10] [0.00] [-0.01] [0.00]

5 TRMt 0.00 0.00 0.00 0.02 0.02 0.01

(-0.83) (-0.66) (0.15) (1.19) (1.18) (0.74)

{-1.01} {-0.82} {0.17} {1.31} {1.04} {0.70}

[0.00] [0.00] [-0.01] [0.03] [0.02] [0.01]

6 DEFt -0.02 -0.03 -0.05 -0.05 -0.06 -0.08

(-3.05) (-2.64) (-2.20) (-1.76) (-1.44) (-1.55)

{-3.84} {-3.34} {-2.43} {-1.45} {-1.12} {-1.09}

[0.08] [0.09] [0.07] [0.04] [0.04] [0.05]

7 ĉayt -0.06 0.05 0.77 2.70 3.94 4.39

(-0.41) (0.18) (1.42) (2.39) (3.16) (3.52)

{-0.43} {0.18} {1.65} {3.14} {3.44} {3.39}

RRELt 0.01 0.03 0.04 0.02 0.01 0.01

(3.35) (3.90) (3.66) (1.38) (0.33) (0.60)

{4.28} {4.74} {3.98} {1.67} {0.44} {0.81}

TRMt 0.00 0.01 0.01 0.02 0.01 0.01

(1.30) (1.54) (1.64) (1.32) (0.73) (0.50)

{1.83} {1.98} {1.96} {1.41} {0.69} {0.57}

DEFt -0.01 -0.02 -0.04 -0.06 -0.07 -0.08

(-2.69) (-2.20) (-1.85) (-1.93) (-1.77) (-1.73)

{-2.92} {-2.26} {-1.79} {-1.56} {-1.32} {-1.22}

[0.15] [0.22] [0.19] [0.15] [0.16] [0.17]



Notes: See Table 1. The table reports results from long-horizon regressions of

investment growth on lagged variables. The dependent variable is the H-period

growth of fixed, private non-residential investment in equipment and software,

iet+h − iet .



Table 5: Forecasting Investment Growth

row Regressors Forecast Horizon H

1 2 4 8 12 16

1 Dit 0.49 0.82 1.00 0.42 0.02 -0.05

(7.78) (7.22) (5.17) (1.24) (0.05) (-0.11)

{8.16} {8.44} {5.76} {1.65} {0.08} {-0.16}

[0.24] [0.22] [0.11] [0.00] [-0.01] [-0.01]

2 Dprofitt 2.02 3.85 6.27 7.44 7.54 5.50

(4.67) (4.97) (5.47) (4.51) (4.19) (2.35)

{5.24} {6.15} {7.41} {6.44} {6.14} {4.34}

[0.13] [0.16] [0.15] [0.09] [0.07] [0.03]

3 DqAt 0.01 0.04 0.08 0.10 0.08 0.07

(0.79) (3.15) (3.27) (2.81) (4.45) (3.71)

{0.37} {1.83} {3.19} {3.10} {2.85} {2.40}

[0.00] [0.03] [0.05] [0.03] [0.01] [0.01]

4 Dgdpt 1.33 2.33 3.44 2.34 1.37 0.75

(7.33) (6.66) (6.72) (3.45) (1.59) (0.86)

{8.71} {9.34} {8.77} {4.65} {2.27} {1.09}

[0.29] [0.30] [0.23] [0.04] [0.01] [0.00]

5 Dit 0.35 0.64 0.68 0.10 -0.13 -0.08

(4.43) (5.30) (2.66) (0.21) (-0.22) (-0.12)

{4.43} {5.33} {3.56} {0.33} {-0.39} {-0.19}

Dprofitt 0.26 0.55 1.46 6.52 9.91 9.54

(0.65) (0.80) (1.18) (3.06) (3.88) (3.15)

{0.65} {0.85} {1.66} {4.70} {5.47} {4.53}

DqAt 0.01 0.05 0.09 0.08 0.05 0.03

(1.24) (4.06) (4.53) (2.81) (2.06) (1.36)

{1.24} {3.43} {5.31} {3.92} {2.52} {1.54}

Dgdpt 0.59 1.11 2.27 1.13 -0.65 -1.66

(2.68) (2.42) (2.57) (0.96) (-0.44) (-0.99)

{2.68} {3.33} {4.42} {1.51} {-0.67} {-1.37}

[0.28] [0.37] [0.32] [0.11] [0.08] [0.04]



Notes: See Table 1. The table reports results from long-horizon regressions of

investment growth on lagged variables. The dependent variable is the H-period

growth of fixed, private non-residential investment, it+h − it. The regressors are

one-period lagged investment growth,Dit one-period lagged profit growth,Dprofitt,

the one-period lagged value of average Q, DqAt , and the one-period lagged value

of GDP, Dgdpt. Regressions that include average q start in the second quarter of

1960.



Table 6: Investment Growth Regressions

row Regressors Forecast Horizon H
1 2 4 8 12 16

1 Dit 0.34 0.64 0.68 0.06 -0.21 -0.13
(4.62) (5.31) (2.63) (0.14) (-0.48) (-0.23)
{4.44} {5.30} {3.55} {0.20} {-0.59} {-0.30}

Dprofitt 0.29 0.56 1.12 5.45 8.18 7.72
(0.71) (0.77) (0.86) (2.56) (3.16) (2.65)
{0.70} {0.84} {1.26} {3.83} {4.77} {3.93}

DqAt 0.01 0.05 0.08 0.04 -0.01 -0.03
(1.55) (4.20) (4.50) (1.71) (-0.31) (-0.92)
{1.29} {3.35} {4.80} {2.27} {-0.37} {-0.99}

Dgdp 0.58 1.11 2.45 1.85 0.55 -0.39
(2.41) (2.34) (2.59) (1.50) (0.40) (-0.27)
{2.58} {3.37} {4.77} {2.44} {0.57} {-0.34}

ĉayt -0.07 -0.03 0.62 2.71 4.40 4.78
(-0.58) (-0.13) (1.06) (2.23) (3.70) (3.21)
{-0.54} {-0.14} {1.72} {3.93} {4.80} {4.09}

[0.28] [0.37] [0.32] [0.18] [0.22] [0.19]
2 Dit 0.32 0.61 0.79 0.69 0.51 0.29

(4.06) (4.76) (2.97) (1.39) (0.97) (0.46)
{3.82} {4.76} {4.40} {2.39} {1.61} {0.71}

Dprofitt 0.31 0.60 1.30 5.43 8.77 8.94
(0.75) (0.89) (1.04) (2.51) (3.25) (2.75)
{0.77} {0.97} {1.51} {4.13} {5.05} {4.42}

DqAt 0.01 0.05 0.08 0.06 0.03 0.02
(1.68) (4.11) (4.70) (2.93) (0.91) (0.86)
{1.38} {3.56} {5.17} {3.10} {1.56} {1.09}

Dgdp 0.58 1.10 2.31 1.36 -0.43 -1.56
(2.54) (2.47) (2.50) (0.99) (-0.29) (-0.89)
{2.71} {3.34} {4.48} {1.81} {-0.44} {-1.28}

RRELt 0.00 0.00 -0.01 -0.04 -0.04 -0.02
(0.76) (0.46) (-1.22) (-3.02) (-2.67) (-1.27)
{0.91} {0.53} {-1.24} {-3.83} {-3.48} {-1.93}

[0.28] [0.37] [0.32] [0.18] [0.14] [0.05]
3 Dit 0.35 0.66 0.73 0.22 -0.03 0.00

(4.62) (5.32) (2.76) (0.43) (-0.05) (-0.01)
{4.45} {5.38} {3.84} {0.70} {-0.09} {-0.01}

Dprofitt 0.14 0.25 0.33 3.84 7.40 7.50
(0.33) (0.31) (0.23) (1.55) (2.56) (2.39)
{0.37} {0.39} {0.41} {2.98} {4.73} {4.30}

DqAt 0.01 0.04 0.08 0.05 0.03 0.02
(1.41) (4.27) (4.82) (2.48) (0.91) (0.53)
{1.15} {3.31} {4.86} {2.73} {1.25} {0.66}

Dgdp 0.58 1.09 2.18 0.88 -0.88 -1.82
(2.48) (2.36) (2.48) (0.79) (-0.62) (-1.11)
{2.59} {3.24} {4.29} {1.18} {-0.90} {-1.49}

TRMt 0.00 0.00 0.01 0.03 0.03 0.02
(1.23) (1.52) (2.51) (2.77) (2.22) (1.42)
{1.14} {1.48} {2.85} {3.85} {2.84} {2.05}

[0.28] [0.38] [0.37] [0.25] [0.17] [0.09]



Table 6, continued

row Regressors Forecast Horizon H
1 2 4 8 12 16

4 Dit 0.25 0.50 0.47 -0.28 -0.63 -0.78
(3.09) (3.89) (1.90) (-0.61) (-1.17) (-1.17)
{3.27} {4.26} {2.47} {-0.84} {-1.57} {-1.52}

Dprofitt 0.39 0.74 1.75 7.04 10.61 10.61
(0.98) (1.11) (1.46) (3.31) (3.96) (3.66)
{0.97} {1.18} {2.01} {5.18} {6.14} {5.32}

DqAt 0.01 0.05 0.09 0.09 0.06 0.05
(1.63) (4.01) (4.46) (3.08) (2.15) (1.84)
{1.43} {3.77} {5.92} {4.43} {2.90} {1.98}

Dgdp 0.57 1.08 2.22 1.02 -0.80 -1.92
(2.31) (2.41) (2.62) (0.84) (-0.52) (-1.16)
{2.62} {3.44} {4.68} {1.47} {-0.91} {-1.73}

DEFt -0.01 -0.02 -0.02 -0.04 -0.06 -0.09
(-2.66) (-1.95) (-1.26) (-1.19) (-1.29) (-1.76)
{-3.00} {-2.43} {-1.83} {-1.75} {-1.56} {-1.76}

[0.32] [0.39] [0.33] [0.14] [0.11] [0.11]
5 Dit 0.17 0.37 0.37 -0.10 -0.26 -0.61

(2.20) (3.32) (1.55) (-0.26) (-0.60) (-1.06)
{2.34} {3.59} {2.20} {-0.31} {-0.67} {-1.22}

Dprofitt 0.24 0.38 0.46 4.04 7.39 7.70
(0.57) (0.50) (0.33) (1.77) (2.75) (2.68)
{0.59} {0.61} {0.59} {3.21} {4.83} {4.60}

DqAt 0.01 0.05 0.08 0.04 -0.01 -0.02
(2.27) (5.25) (4.69) (1.71) (-0.51) (-0.81)
{1.91} {4.55} {6.14} {2.39} {-0.69} {-0.82}

Dgdp 0.44 0.87 2.05 1.34 0.25 -0.84
(1.82) (1.98) (2.37) (1.12) (0.19) (-0.58)
{2.03} {2.91} {4.60} {2.00} {0.28} {-0.77}

ĉayt -0.22 -0.33 0.03 1.70 3.72 4.19
(-2.04) (-1.53) (0.06) (1.57) (3.40) (2.90)
{-1.75} {-1.47} {0.08} {2.48} {4.12} {3.76}

RRELt 0.01 0.01 0.01 -0.02 -0.03 -0.01
(2.37) (2.13) (0.88) (-1.00) (-1.59) (-0.64)
{2.54} {2.35} {1.33} {-1.62} {-2.48} {-1.07}

TRMt 0.01 0.01 0.02 0.02 0.01 0.01
(2.89) (3.04) (2.64) (2.13) (0.88) (0.60)
{3.14} {3.14} {3.07} {2.57} {1.05} {0.91}

DEFt -0.01 -0.02 -0.03 -0.06 -0.07 -0.09
(-2.76) (-2.33) (-1.84) (-1.94) (-1.62) (-1.87)
{-3.15} {-2.55} {-2.22} {-2.30} {-1.83} {-1.92}

[0.34] [0.43] [0.40] [0.32] [0.31] [0.27]

Notes: See Tables 1 and 2.



Table 7: VAR Investment Growth Regressions

row Variables Implied R2 for Forecast Horizon H

1 2 4 8 12 16

1 Dit, DqAt , Dprofitt, Dgdpt 0.43 0.42 0.30 0.11 0.06 0.05

2 Dit, DqAt , Dprofitt, Dgdpt, ĉayt 0.45 0.45 0.35 0.20 0.15 0.12

Note: The table reports implied R2 statistics for H-period investment growth

from vector autoregressions (VARs) with 4 lags. The column denoted “Variables”

lists the variables included in the VAR. The implied R2 statistics for investment

growth for horizon H are calculated from the estimated parameters of the VAR

and the estimated covariance matrix of VAR residuals. The sample period is

second quarter of 1960 to third quarter 1999.


