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ABSTRACT

In the U.S., the slope of the term structure is positively correlated with expected future ex-
cess returns to both stocks and long-maturity bonds. This paper empirically investigates possible
explanations for this pattern. The results pose a significant challenge for representative agent,
consumption-based asset-pricing models. I find that when the term structure is more steeply sloped
than average, (1) future volatility of aggregate consumption growth is much lower than average; (2)
future correlations between aggregate consumption growth and returns to both stocks and bonds
are roughly zero; (3) the well-documented positive relation between excess stock and bond returns
and subsequent growth in real variables (e.g., labor income and GDP) disappears. These facts are
inconsistent with the hypothesis that a representative agent has standard power utility, recursive
utility, or habit formation preferences.
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1 Introduction

When the term structure is more steeply sloped than average, future excess returns to stocks
and long-term bonds (over short-term interest rates) tend to be higher than average. In this
paper I attempt to interpret this well-known pattern in the context of representative-agent,
consumption-based utility theory. The results pose a significant challenge to the theory.

Since Rubinstein (1976) and Lucas (1978), economists have attempted to explain the
behavior of asset returns with equilibrium models in which a representative agent makes
portfolio decisions to maximize utility defined over consumption. In these models, an asset’s
risk premium is proportional to the covariance between the asset’s return and the change in
the marginal utility of (aggregate per capita) consumption.

Because we cannot observe marginal utility directly, tests of consumption-based models
rely on specifications of preferences that allow us to infer the dynamics of marginal utility
from observables. The standard time-additive power utility framework used by Mehra and
Prescott (1985) implies that an asset’s expected excess return is proportional to the covari-
ance between the asset’s return and the growth of log consumption. The recursive utility
framework of Epstein and Zin (1989) and Weil (1989) adds another explanatory variable,
allowing expected excess returns to also depend on the covariance between the asset’s return
and the return to total wealth. The state-of-the-art perspective (e.g., Campbell (1999)) is
that neither set of preferences can explain the observed time-variation in expected excess
returns to stocks and bonds, at least in a representative-agent world. There is little evidence
that either the volatility of consumption growth or covariances of asset returns with con-
sumption growth vary through time. Covariances between asset returns and wealth (at least
the portion of wealth that we can measure) do vary through time, but they do not appear
to vary systematically with expected excess returns.

Habit formation frameworks, developed formally by Sundaresan (1989), Constantinides
(1990) and Abel (1990), appear more promising. For example, the model of Campbell and
Cochrane (1999) implies that an asset’s expected excess return is the product of a time-
varying price of consumption risk and the covariance between the asset’s return and the
growth of log consumption. The price of risk depends on how close current consumption
is to a ‘consumption habit.” Thus, expected excess returns can vary through time even if
covariances do not. The conventional view is that expected excess returns to stocks and bonds
positively covary with the slope of the term structure because the slope is countercyclical.
When the slope is steep, economic output is relatively low, consumption is correspondingly
low relative to habit, and the price of risk is correspondingly high.

However, this logic falters when we take a slightly closer look at the relation between the



slope of the term structure and expected excess returns to long-term bonds. As noted by
Fama and French (1993), the sign differs depending on whether the term-structure slope is
steeper (positive expected returns) or flatter (negative expected returns) than usual. There-
fore either the price of consumption risk or the covariance between long-term bond returns
and the growth of log consumption has to change sign. Thus if asset prices (and in particular,
bond prices) are consistent with habit formation preferences of a risk-averse representative
agent, the slope of the term structure should have predictive power for covariances between
the growth of log consumption and bond returns.

This intuition is part of the motivation for my paper. I investigate the link between
the slope of the term structure and covariances between consumption growth and asset
returns. As noted above, there is little existing evidence for predictable variations in such
covariances. However, research to date has not looked at the predictive power of the slope.
This is surprising, because the slope forecasts future consumption growth. In other words,
we already know that the slope has predictive power for the first moment of consumption
growth; it is worth exploring whether it has predictive power for second moments.

The analysis, based on quarterly data from 1952 through 2000, produces two main results.
The first result overturns the conventional wisdom that consumption volatility is largely
unpredictable. There is a strong negative relation between the slope of the term structure
and the volatility of consumption growth. When the term structure is flatter than usual at
the end of quarter ¢, the standard deviations of growth in log consumption in quarters ¢ + 1,
t+ 2, and t + 3 are about 1.5 times the corresponding standard deviations when the term
structure is steeper than usual. This is not good news for consumption-based models; it says
that excess returns are higher when consumption volatility is lower.

Second, there is a strong negative relation between the slope of the term structure and
correlations between consumption growth and aggregate stock returns. In fact, when the
term structure is steeper than usual at the end of quarter t, the quarter ¢ + 1 correlation
is essentially zero. Thus in either a power utility or habit formation framework, we should
observe that expected excess stock returns are positive when the term structure is flatter
than usual, and zero when the term structure is steeper than usual. In contrast to the results
for stock returns, the correlation between consumption growth and long-term bond returns
is weak—near zero-regardless of the shape of the term structure. In particular, there is no
evidence that the sign of the correlation changes with the slope.

The most surprising of these findings is that stock returns and consumption growth
are uncorrelated when the term structure is steeply sloped. I explore this issue further by
considering the ability of stock and bond returns to forecast future growth in consumption,

GDP, and labor income. I find that when the term structure slope is flatter than usual,



future stock and bond returns lead growth in consumption, GDP, and labor income. But
when the slope is steeper than usual, this forecasting power disappears.

The main message of these results is that the relation between the macroeconomy and
asset (stock and bond) markets depends critically on the information impounded into the
slope of the term structure. When the slope is steep, asset returns and the macroeconomy
are largely decoupled; when the slope is flatter, the relation is tighter. A byproduct of this
message is that representative agent, consumption-based asset-pricing models are inconsis-
tent with the fact that expected excess returns to stocks and bonds are higher when the
slope of the term structure is steep.

The next section reviews what we know about the slope of the term structure, expected
excess returns, and macroeconomic growth. The third section discusses standard interpreta-
tions of this evidence in consumption-based asset-pricing frameworks, and points out some
limitations of these interpretations. Section 4 presents most of the empirical results. Con-
cluding comments are offered in Section 5. The Appendix contains a description of the
data.

2 The evidence for predictability

In the U.S., the return to long-term Treasury bonds less the contemporaneous return to
short-term Treasury bills is, on average, slightly positive. Future excess returns also vary
predictably with the slope of the yield curve, a decades-old result that is equivalent to the
failure of the expectations hypothesis of interest rates. A textbook summary of the evidence
is in Chapter 10 of Campbell, Lo, and MacKinlay (1997). Fama and French (1993) note
that the low mean and predictable variation together imply that when the slope of the term
structure is steep, expected excess returns to bonds exceed zero, while the sign is reversed
when the slope is relatively flat or inverted.

The relation between excess returns to the stock market (nominal stock returns less short-
term Treasury bill returns) and the slope of the term structure is weaker and more recently
discovered. Campbell (1987) first noted that information in the short end of the Treasury
term structure could forecast excess stock returns. Fama and French (1989) found that the
spread between long-term Aaa bond yields and short-term Treasury yields forecast excess
stock market returns, although the statistical strength of the forecastability depended on
both the sample period (stronger post-war) and the horizon over which forecasts were made
(stronger at shorter horizons). Chen (1991) uses the slope of the Treasury term structure

to forecast quarterly excess stock returns and finds statistically significant forecasting power



for returns one and two quarters ahead.!

To get a concrete sense of the predictive power of the term-structure slope in the data set
examined in this paper, Table 1 reports the results of regressions of quarterly excess returns
on the slope of the term structure. One issued that needs to be addressed is the definition
of “the” slope of the term structure. Earlier research used a variety of different measures.
Alternative choices for the long end include yields on long-maturity, Aaa-rated corporate
bonds, ten-year Treasury bonds, or five-year zero-coupon bond yields implied by coupon
bonds. Choices for the short end include yields on one-month, three-month, or two-year
Treasury securities. I follow Estrella and Hardouvelis (1991) in measuring the slope by the
difference between a ten-year Treasury yield and a three-month Treasury yield. Because the
results are, in some ways, sensitive to this choice, I also report in footnotes how different
definitions affect the evidence of predictability.

The estimated regression is
Tf—r,{:bo—l—blSLt_i—i—ef, ke{sb}, i=1,...,4, (1)

where 7F is the log return in quarter ¢ to either the stock market (k = s) or long-term
Treasury bonds (k = b), 7“,{ is the log return to short-maturity Treasury bills, and SL; is
the demeaned slope of the term structure at the end of quarter ¢. I demean the slope so
that the constant term corresponds to the unconditional mean excess return in the sample.
The construction of the return data is described in the Appendix. The sample period is
t €{1952:1,2000:4}. The beginning date is the first for which all of the data are available
from the Center for Research in Security Prices (CRSP). The t-statistics are adjusted for
generalized heteroskedasticity and one lag of moving average residuals using the technique
of Newey and West (1987).

Table 1 illustrates that excess returns to long-term bonds are, on average, positive but
statistically indistinguishable from zero, and positively associated with the slope. The sta-
tistical evidence for this association is strong; three of the four estimated coefficients are

statistically different from zero at the 5% level.?2 A 100 basis point increase in the slope

!The statistical evidence in Chen may be overstated because the reported t-statistics appear to be based
on OLS standard errors. I reestimated the regressions using heteroskedasticity-consistent standard errors
and found statistically weak evidence of predictability.

2This forecast power is somewhat sensitive to the choice of maturity of the long bond used in constructing
the slope. The evidence of forecastability is stronger when a five-year maturity is used and weaker when
a thirty-year maturity is used. In the latter case, only one of the four reported regressions has a slope
coefficient that is significant at the 5% level. The results also change when a one-month bill yield is used to
measure the short end of the term structure, but there is no systematic pattern to the changes across the
forecast horizons. If the short end of the slope is measured by a two-year yield, much of the forecast power
of the slope disappears.



corresponds to an additional 2.2 percent excess return over the next four quarters. When
these data are split into equal-sized two samples based on the magnitude of the quarter-t
slope, the mean excess bond return in the “high-slope” sample is 0.68 percent per quarter.
The mean excess bond return in the “low-slope” sample is —0.22 percent per quarter. (These
results are not reported in the table.)

Excess stock returns are, on average, strongly positive. Their link with the slope is
statistically weaker than for bonds.> A 100 basis point increase in the slope corresponds to
an additional 3.5 percent excess return over the next four quarters. Although this evidence
for stock return predictability might appear inconclusive, for our purposes a weak positive
relation will turn out to be just as much of a puzzle as a strong positive relation; the real
puzzle will be why the relation is not negative.

These regressions are subject to the “predictive regressions” finite-sample bias discussed
in Stambaugh (1999). The coefficients on the slope are biased downwards because the
contemporaneous correlations between the slope and excess returns are positive: 0.30 for
bonds and 0.13 for stocks. Thus the statistical evidence in Table 1 understates the case for
return predictability. In the case of excess returns to long-term bonds, this understatement
is equivalent to the finite-sample bias in tests of the expectations hypothesis described in
Bekaert, Hodrick, and Marshall (1997).

The slope of the term structure also forecasts economic growth. Chen (1991) and Estrella
and Hardouvelis (1991) regress growth rates of real output and consumption on the slope
of the yield curve and find that the slope is positively associated with real growth over the
next one to two years.* Visual evidence is in Figure 1, which plots both the slope of the
term structure and the log change in aggregate consumption. Consumption is measured by
real expenditures on nondurables and services and is expressed per capita. More details are
in the Appendix. The quarter-t slope is measured at quarter-end. The quarter-t change
in consumption is measured by log consumption during quarter ¢ + 1 less log consumption
during quarter ¢. This flow variable can be thought of as contemporaneous with the point-
measured slope SL, if all consumption in quarter ¢ is determined at the beginning of the
quarter. Campbell (1999) discusses consumption timing conventions in more detail.

We can see from the figure that the recessions of the mid-1970s, the early 1980s, and the

early 1990s were all preceded by declines in the slope of the term structure. More formal

3The strength of the predictive relation is stronger if the long end of the slope is measured by either a
Aaa-bond yield or a thirty-year Treasury yield. For both of these alternative measures, the slope coefficient
in the one-quarter-ahead forecast equation has a t-statistic greater than 2.6. Replacing the three-month
yield with a one-month yield has no qualitative effect, while replacing it with a two-year yield reduces the
forecast power of the slope.

4Related evidence is in Harvey (1989).



evidence comes from regressions of log changes in consumption or GDP in quarter ¢ on the
slope of the term structure at the end of quarter ¢t —i. The log change in consumption (GDP)

from quarter t to quarter ¢ + 1 is denoted Ac; (Agdp,).

Axy = byio+ byi1SLi_i +epyi, © € {c,gdp}, i =—8,...,8

The sample period is t € {1952:1, 2000:3} for ¢ > —1. For i < —2, the sample period
is shorter because the last observation of the term structure slope is 2000:4. Figure 2 plots
estimated coefficients for each of the 34 regressions (17 each for consumption and GDP, from
eight quarterly lags to eight quarterly leads). Also plotted are two-standard-error confidence
bounds. The Newey-West asymptotic standard errors are adjusted for one lag of moving
average residuals.

Figure 2 displays the standard results that a higher slope at the end of quarter ¢ cor-
responds to higher consumption and output growth, both contemporaneously and in the
future. There is also evidence that consumption and GDP growth slightly lead the slope
of the term structure.” We now consider how this empirical evidence is interpreted in the

context of consumption-based asset-pricing models.

3 Consumption-based interpretations of the evidence

Standard finance theory tells us that in a discrete-time framework, the gross nominal return

to any asset ¢, denoted 1 + R, ;, satisfies

1= Eyf(1+ Rig1) My]. (2)

The random variable M, is the stochastic discount factor. Equation (2) is a requirement
of no arbitrage. In a utility-based framework, we can think of M;,; as the ratio of the
marginal utility of a dollar at time ¢ + 1 to the marginal utility of a dollar at time t. Denote
ri = log(l + R;y), m;y = log(M,;), and the riskless nominal rate as r{H. If we assume

conditional joint log-normality of 1 + R, ;41 and M;,4, (2) implies

Ey(rig1) — rly + (1/2)Vary(ry 1) = —Covy(r pa1, musa).- (3)

>These results are not sensitive (at least qualitatively) to the slope measure. If the ten-year Treasury yield
is replaced with either a thirty-year Treasury yield or a Aaa yield, the forecast power of consumption growth
for future slopes increases, while the forecast power of the slope for future consumption growth decreases.
This pattern is reversed if the ten-year yield is replaced with a five-year yield. On balance, it appears that
lagged consumption growth is more closely tied to the very long end of the term structure, while future
consumption growth is more closely tied to an intermediate range—maturities of five to ten years.




The left-hand-side of (3) is the expected excess return to the asset; the variance term
adjusts for Jensen’s inequality created by using log returns instead of returns. Asset-pricing
models put additional content on the right-hand-side by restricting m;1. To understand why
the slope of the term structure forecasts expected excess asset returns, we must understand
why the covariance between returns and the stochastic discount factor varies systematically

with the slope.

3.1 Power and recursive utility

Consumption-based asset-pricing models write m;.; as a function of consumption. For ex-

ample, time-separable power utility implies
myy1 = log(6) — yAci

where 0 is the rate of time preference, v is the coefficient of relative risk aversion, and
Acyyq is the change in log consumption. This simple framework is nested in recursive utility,
developed by Epstein and Zin (1989) and Weil (1989). Then m;,; can be expressed as

My = 0log(0) — (1/A)Acia] = (1 = 0)rwim (4)

where the elasticity of intertemporal substitution is A, 6 = (1 —+)/(1 — (1/A)), and the log
return to total tradeable wealth, including human capital, is r,, ;1. Substituting (4) into (3)

yields
Et (T’i,t-i-l) _7“7{+1 + (1/2)‘/@7} (T’i,t-i-l) = (Q/A)OOULL (T’i,t-i-la Act+1) + (1 —Q)CO/Ut (Ti,t-i—h Tw,t—i—l) (5)

An important limitation on our ability to test (5) is poor data. The first problem is
that consumption is poorly measured. We have little individual-level data on consump-
tion. In a representative agent model, individual consumption equals per capita aggregate
consumption, but aggregate consumption is also measured with substantial noise. Second,
consumption is measured infrequently (at best, monthly). This makes it difficult to observe
whether there is any time-variation in Covg(r; 1, Acir1). Third, total wealth, which in-
cludes both financial and human wealth, is poorly measured. Financial wealth is measured
reasonably well, but human wealth is unobserved. As noted by Roll (1977), even a slight
mismeasurement in wealth can substantially distort tests of equations such as (5).

These data problems make it difficult to interpret the empirical evidence that (5) cannot

explain the observed time-variation in expected excess returns to stocks and bonds. There is



substantial evidence of time-variation in the volatility of returns to financial assets, but this

6 There is no evidence

variation appears unrelated to variation in expected excess returns.
of substantial time-variation in either the volatility of consumption growth or in covariances
of asset returns with consumption growth.” We could chalk up these results to poor data,

but an alternative explanation is that (4) does not correctly describe preferences.

3.2 Habit formation

A plausible interpretation of the slope’s forecast power for expected excess asset returns is
that it is driven by the effects that recessions have on investors’ attitudes toward risk. The
slope of the term structure is one of a number of financial market measures that predicts
both asset returns and future macroeconomic growth. If investors are more risk-averse in
recessions, variables that are correlated with business cycles will also be correlated with
expected excess returns. This interpretation is formalized and defended by Campbell and
Cochrane (1999) in a habit formation model. Although I follow their intuition, it is more
convenient here to use the model of Wachter (2001), which extends Campbell and Cochrane’s
work by introducing predictable consumption growth. Details and references are suppressed
here and can be found in the original papers.

Aggregate log consumption growth follows the process
Acpyy = 2 + vgy1,

21 = (1 =) g + Yz + piegr,

where v; and p; are jointly normally distributed. The parameter v > 0 creates persistence in

consumption growth, which is consistent with U.S. data. The representative agent maximizes

= (Ci=X) T —1
E 5@—15( 1 1
PITEIEEh
i=t+1

where X, is the agent’s time-¢ habit. (Capital letters represent levels and lower case letters
represent logs.) Power utility is a special case of habit formation with X; = 0. The surplus

consumption ratio is defined as

Cy — Xy
C,

6See Campbell (1999) and Whitelaw (2000) for discussions and references.
"See, e.g., Boudoukh (1993).
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The log stochastic discount factor is therefore
M1 = 10g(d) — v(Aspy1 + Acir).

To capture the notion that risk aversion increases in recessions, Wachter follows Campbell

and Cochrane in writing the dynamics of surplus consumption as

str1 = (1 — )5 + @5t + A(st)vea (6)

where A(s;) is a decreasing function. Thus when past shocks to consumption growth have

been negative, log surplus s; is both low and volatile. Expected excess asset returns satisfy
Et(ri7t+1) — 7"7{_’_1 + (1/2)Va7ﬂt(ri,t+l) = /y(l + )\(St))OOUt(Ti7t+1, Act+1). (7)

Variations in expected excess returns are produced by both variations in the covariance
of the asset’s return with consumption and variations in surplus consumption. With power
utility, only the former channel operates. Wachter shows that around the steady state,

deviations of log surplus from its mean are approximately®

(e 9]

s —5s~1In(l1—-29) ﬁ—i—(l—gﬁ)ZqﬁjACt_j. (8)

J=0

Although this model generates nontrivial joint dynamics between expected excess returns
and the real term structure, it does not include inflation and thus says little about the
nominal term structure. However, inflation is easily introduced as long as we are willing
to treat the relation between consumption and inflation as exogenous.” For example, we
can follow Pennacchi (1991) and Boudoukh (1993) by assuming a vector autoregression joint
process for consumption growth and inflation. More generally, we could write the log growth

in the price level as

Apt = f(Ut,/,Lt_l, ey Mty hp—1y oo oy €y €41, - - )

where the €’s are shocks to inflation that are independent of consumption growth. The

important restriction that allows us to patch an inflation process on to the model is that the

8For tractability, she does not allow shocks to z; enter into (6), thus (8) is perhaps better interpreted as
a weighted average of past changes in log consumption around the stochastic means of these changes. Of
course, when z; is at its mean, there is no difference between these interpretations.

9An endogenous relation, using a cash-in-advance constraint, is proposed for term-structure models by
Backus, Gregory, and Zin (1989) and implemented by Labadie (1994).



shocks to inflation do not affect investors’ habit.!® For the purposes of the current paper,
specifying a particular inflation process and solving for bond prices will take us too far afield.
It will be sufficient to note that the predictive power of the slope for expected excess returns
is consistent with a model in which inflation is temporarily low in recessions. Longer-term
bond yields reflect expected future increases in inflation, thus the term structure slopes up

in bad economic times, when expected excess returns are high.

3.3 Conceptual difficulties with habit formation

This model has two channels through which the slope can forecast expected excess asset
returns. Either the slope is associated with covariances between consumption growth and
asset returns or it is associated with changes in surplus consumption. The conventional
wisdom is that there is no evidence for the first channel, thus the second channel must be
the important one. The main goal of this paper is to revisit the relation between the slope
and covariances, but it is also important to explore why the second channel may not be
consistent with the data.

Assume, for now, that the only reason for the slope’s forecast power is that the slope is
associated with surplus consumption. Then past consumption growth should capture part
of the forecast power of the slope. There is no doubt that consumption data are measured
poorly, especially in contrast to the measurements of financial instrument prices. This noise
dampens the forecasting power of measured consumption for expected asset returns—the em-
pirical counterpart to (8) is a noisy measure of true surplus consumption. But the term
structure is also a noisy measure of surplus consumption. The term structure reflects infor-
mation about past consumption growth (v;—;,7 > 0), expected future consumption growth
(z1), and also has a component that varies independently of the process driving consump-
tion (e;_;,7 > 0). Because the noise in measured consumption is probably unrelated to the
extraneous information in the slope, both lagged consumption growth and the slope should
help forecast future excess returns.

To investigate this issue, we require an empirical proxy for surplus consumption. I follow
Wachter and truncate the infinite sum in (8) at 40 quarters, with the decay factor ¢ = 0.969.
The proxy is

5 = 1_¢4OZ¢ Acy_;. (9)

I then estimate a modification of (1):

10Brandt and Wang (1999) allow inflation to affect investors’ habit.
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=1l = by 4+ 0S4+ babi_iq + €, ke {s,b}, i=1,... 4. (10)

I use lagged surplus, §;_;_1, instead of §;,_; because of a potential problem introduced by
consumption timing. Recall that Ac; is defined as the change in consumption from ¢ to ¢+ 1.
Thus §;_; depends, in part, on consumption during quarter t —¢+ 1. As long as consumption
in a quarter is determined at the beginning of the quarter, §;_; will be uncorrelated with the
error term e¥ in (10). But to prevent any possible spurious correlation, I use lagged surplus.*!
The empirical results are displayed in Table 2. Because ten years of consumption data are
needed to construct the measure of surplus, the sample period is 1957:2 through 2000:4.
Newey-West asymptotic t-statistics are adjusted for one lag of moving average residuals.

At first glance, the results seem to provide partial support for this habit formation model.
The measure of surplus is a strong predictor of excess stock returns. In three of the four
stock-return regressions, surplus is statistically significant at the 5% level (and is significant
at the 10% level in the fourth regression). Including surplus in the regression eliminates the
explanatory power of the slope. By contrast, surplus has very limited predictive power for
excess bond returns. None of the coefficients on surplus is statistically different from zero
at conventional levels, while the slope remains a strong predictor. However, in combination
these two sets of results are damning evidence against the model. The model is consistent
with the bond-return regressions only if the noise in measured consumption growth drowns
out the explanatory power of true surplus consumption. But this is contradicted by the
predictive power of surplus consumption for stock returns.

The results for stock returns are somewhat sensitive to the rate of decay used in (9). The
value ¢ = 0.969 implies a half-life of about 22 quarters. I recalculated surplus assuming a
decay of ¢ = 0.93303, which weights more heavily relatively recent growth in consumption.
(This value produces a half-life of 10 quarters.) I then reestimated the regressions with this
measure. The results are not reported in any table. Of the four stock-return regressions, only
one has a coefficient on surplus that is significant at the 5% level. A look at Figure 2 explains
why the results are weaker when recent consumption growth is emphasized. Increases in
consumption growth lead the slope of the term structure by a couple of quarters. In other
words, when the slope is steep in quarter ¢, consumption tends to be high relative to where it
was a few quarters ago. Thus a consumption habit based on very recent consumption would
forecast lower excess asset returns, not higher returns.

Another problem with the view that surplus drives variations in expected asset returns

is that it is inconsistent with variations over time in the sign of expected excess returns to

' The empirical results are not sensitive to this choice.
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bonds. To generate sign changes without changes in the sign of Covy(r,;, Acit1), the sign
of (1 + A(s¢)) must change. This means that consumers switch from avoiding consumption
gambles to seeking consumption gambles. This is both intuitively implausible and hard to
reconcile with the fact that expected excess returns to other assets, such as stocks, do not
appear to exhibit sign changes.

One way to interpret the sign-switching in expected excess bond returns is that it is
an artifact of the data, and not a robust feature of bond markets. When these quarterly
data are split into two samples based on the magnitude of the quarter-t slope, the mean
quarter ¢ + 1 excess bond return in the low-slope sample is negative, but not statistically
different from zero. Yet there is no a priori reason to reject the hypothesis that the sign
of Couvy(r? .1, Actt1) depends on the slope of the term structure. If, say, the central bank
accomodates macroeconomic shocks in bad times, but does not in good times, this time-
varying reaction function should show up in the sign of Covy(r}, |, Acii1).

This habit formation model can be reconciled with the behavior of both stock and bond
returns if covariances between consumption growth and bond returns change sign with the
term structure. This would explain why surplus consumption forecasts stock returns, but
not bond returns; the effect of changing covariances on bond risk premia can offset the effect
of changing surplus on these risk premia. However, as noted in Section 3.1, the existing
literature finds no evidence for the link between consumption covariances and risk premia.

This lack of evidence indicates that either our models of representative-agent, consumption-
based asset prices are wrong, consumption data is too poor to allow us to observe time-
varying conditional second moments, or researchers simply have not used the right condi-
tioning information. Existing research has not examined the predictive power of the term-
structure slope for conditional variances and covariances involving consumption growth.
Given the close link between the term structure and predictable variations in future ag-
gregate output, this is a surprising gap. In the next section, I take a detailed look at the
ability of the slope to forecast standard deviations, correlations, and covariances involving

consumption growth.

4 The empirical evidence

The main goal of this section is to understand the empirical relation between the slope of the
term structure and subsequent covariances between consumption growth and asset returns.
It will be illuminating to decompose covariances into standard deviations and correlations.
Therefore the first issue addressed here is the predictive power of the term structure slope

for subsequent volatilities of consumption growth and asset returns.
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4.1 Split sample results

Perhaps the most intuitive way to see the predictive power of the slope for the volatility of
consumption growth is to split the data sample in two, based on whether the slope of the
term structure at the end of quarter t is greater or less than its median. Then compute

sample standard deviations (sdev) of Ac;,,; for each subsample:

sdev(Acyyi|SLy > median(SLy)), sdev(Acyyi|SLy < median(SLy)),i > 0. (11)

It is worth repeating two definitions from Section 2: SL, is the (demeaned) slope at the
end of quarter t and Ac;y; is the change in log consumption from quarter ¢ 4+ ¢ to quarter
t+i+ 1. (This log change is also multiplied by 100%.) Therefore Ac;y; does not depend on
consumption realized before the observation of the term structure.

Table 3 reports these conditional standard deviations for ¢ = 1,2,3. Three sample pe-
riods are considered. The first is the full sample ¢ € {1952:1-2000:3}. (The ending date is
earlier for consumption data and, for ¢ > 1, for asset return data. The last observation of
consumption growth is 2000:3 and the last observation of asset returns is 2000:4.) Because
observations of both the slope and consumption growth are most volatile during the Fed
monetarist experiment during 1979 through 1982, I also report results for pre-experiment
(1952:1 through 1977:4) and post-experiment (1983:2 through 2000:3) periods.

The results demonstrate that the volatility of consumption growth is substantially higher
when the slope of the term structure is flatter than usual. In the full sample, the ratios of
low-slope standard deviations to high-slope standard deviations range from 1.44 to 1.50.
F-tests overwhelmingly reject the hypothesis of constant variances. These tests should be
interpreted with caution because the assumptions of normality and independence are unlikely
to be appropriate. Alternative statistical tests are discussed in Section 4.2. This volatility
pattern holds across the smaller samples. In the non-experiment subperiods, the ratios range
from 1.11 to 1.49. The subperiod results should not be emphasized too heavily because there
are relatively few observations. In the early subperiod, there are 52 observations in each of
the two slope-dependent samples. In the latter subperiod, this number falls to 34.

This evidence suggests that consumption growth is far from i.i.d. Instead, a steep term
structure slope forecasts high-mean, low-volatility consumption growth. Although in this
paper our primary focus is on covariances of returns with consumption growth, these results
on volatility have implications for general equilibrium models of asset pricing. A common
approach to exploring issues such as the equity premium puzzle is to model the stock market
as a claim on the consumption process (e.g., Whitelaw (2000)). Then the variance of con-

sumption growth is used to measure the risk exposure associated with stocks. The evidence
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here indicates that this risk exposure is higher when the term structure is flatter. In power
utility or recursive utility setups, this implies higher expected excess stock returns when the
term structure is flatter, which is counterfactual.

A natural question is whether this pattern in consumption volatility carries over to the
volatility of asset returns. The remainder of Table 3 reports versions of (11) for excess
returns to the aggregate stock market (denoted ery) and long-term bonds (er?). The returns
are expressed in percent. The evidence indicates that the predictive power of the slope for
asset return volatility is economically weaker than that for consumption growth volatility.
In the full sample, ratios of low-slope standard deviations to high-slope standard deviations
are about 1.20 for stock returns and 1.08 for bond returns. The F-tests typically cannot
reject the hypothesis of constant variances. This might seem surprising, given the well-known
heteroskedasticity in asset returns, but the tests here have very low power compared with
the usual tests that rely on high-frequency data.

We now turn to correlations. Again, we split the data sample based on the slope of the
term structure at the end of quarter ¢ and compute correlation matrices for each subsample.
The variables of interest are Acyy1, ery,;, ert,; and the log change in real per capita labor
income, Ali;y 1. The latter variable is included because, as argued by Lettau and Ludvigson
(2001), it is a proxy for the return to human capital. The definition of labor income follows
Lettau and Ludvigson.

Table 4 reports these conditional correlation matrices for the three sample periods ex-
amined in Table 3. Three features of this table are striking. First, the correlation between
the stock market and consumption growth strongly depends on the slope. When the slope
is less steep than usual, the contemporaneous correlation between future stock returns and
consumption growth is around 0.4 in all sample periods. But when the slope is steeper than
usual, the correlation is roughly zero. In the full sample the correlation is 0.01 and ranges
from 0.09 to —0.21 in the subperiods. I test whether the correlation is constant across the
two slope-sorted groups using Fisher’s z. (These statistical tests are not reported in the
table.) Over the entire sample period, we can reject at the one percent level the hypothesis
that the correlation is constant. tatistical rejections are weaker in the pre-experiment and
post-experiment periods, with significance levels of seven percent and two percent, respec-
tively.

Second, the correlation between the stock market and labor income growth also strongly
depends on the slope. When the slope is less steep, the correlation between future stock
returns and future labor income is 0.27 in the full sample. When the slope is steeper, the
correlation is —0.08. We can reject the hypothesis of constant correlations over the entire

sample period at the two percent significance level. Statistical significance in the subperiods

14



is weaker.

Third, there is no clear relation between the slope and the magnitude of the correlation
between long-term bond returns and consumption growth. When the slope is less steep than
usual, the correlation is close to zero and of uncertain sign, ranging from 0.08 to —0.20 in
the samples. When the slope is steeper than usual, the correlations remain small, ranging
from 0.21 to 0.05. Although none are negative, suggesting that correlations are higher when
the slope is steeper, in the full sample the correlation is 0.08 regardless of the slope.

All three observations are bad news for consumption-based, representative-agent asset-
pricing models. Power utility and the habit formation model described here have difficulty
with the first observation. These models, combined with the first observation, imply that
expected excess stock returns should be roughly zero when the slope is steeper than usual.
From (7), stocks with consumption betas of zero should earn no risk premium, regardless of
the level of surplus consumption.

The second observation suggests that with recursive utility, expected excess stock returns
should also be lower when the slope is steep. From (3), expected excess returns vary with
both covariances with consumption and covariances with the return to total wealth, including
human capital. Labor income is an important component to the return to human capital.
Therefore a lower correlation between the stock market and labor income suggests a lower
correlation between the stock market and total wealth. Hence with recursive utility, both
sources of time-variation in expected excess returns lead to a counterfactual conclusion. The
third observation indicates that neither power utility nor habit formation can explain the
sign-switching in expected excess returns to bonds. The relation between excess returns
to long-term bonds and consumption growth is weak regardless of the state of the term
structure.

A graphical look at the relation between stock returns and consumption growth will
help summarize some of the empirical evidence. Figure 3 displays two scatter plots of er},
and Acyy1, based on the slope of the term structure at the end of quarter ¢. In the upper
scatter plot, which corresponds to steeper slopes, mean consumption growth is higher than
in the lower scatter plot, (compare the vertical solid lines), mean excess stock returns are
higher (compare the horizontal solid lines), and both consumption growth and stock returns
are less volatile (compare the dispersion of the clouds). In the upper scatter plot, there
is no observable correlation, while in the lower plot the two variables are clearly positively
correlated. For example, in the bottom panel, there are 11 quarters in which the stock
market fell by at least 10 percent; contemporaneous consumption growth (again, measured
by the change from quarter ¢ + 1 to quarter t + 2) was below its sample mean in 10 of the

11 quarters.
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4.2 Regression results

In this subsection we take a closer look at the joint behavior of consumption growth and asset
returns. The evidence reported above concerned raw growth rates and excess returns. In this
section I take a closer look at this joint behavior by focusing on (estimated) innovations in
consumption growth and asset returns. In addition, I make some inroads in understanding
why the slope is associated with both consumption volatilities and correlations between
consumption and asset returns. As discussed above, the term structure slope is negatively
associated with past consumption growth, and positively associated with future consumption
growth. Thus we can ask whether the slope is simply proxying for either past or expected
future consumption.

Following the two-step procedure used by Schwert (1989) and adopted by many others,
I first construct innovations to the time series. Innovations in log consumption growth are
produced by regressing growth in quarter ¢ + 1 on variables known at the end of quarter
t. They are the slope of the term structure, the excess stock return in quarter ¢, inflation
(the log change in the price level from quarter ¢t — 1 to quarter ¢), and two lags of both

consumption growth and labor income growth.

Act—i—l = b() + blsLt + bgACt_l + b3ACt_2 + b4Alit_1 + b5Alit_2 + b62nflt + b77“f + 6t+1 (12)

The real variables are twice-lagged to avoid overlapping with the dependent variable. I
use the same regression to construct quarter-t forecasts of Ac,. 1, denoted A/c;l. In the
second stage, we take a closer look at forecasts of consumption volatility. I use the quarter-t
term structure slope and the quarter-t one-quarter-ahead forecast of consumption growth to
predict the volatility of innovations in consumption growth. I use both squared residuals,
and following Schwert (1989), absolute residuals in this stage. The use of absolute residuals

is more robust to outliers.

|5t+1| =Cy+ ClsLt + 02A0t+1 + Nt+1 (13)
(¢e41)* = co + a1SLy + caAcyr + G (14)

Missing from (13) and (14) is a measure of lagged consumption growth. In regressions not
detailed here, I found that the measure of surplus consumption (9) had no explanatory power
for the volatility of consumption growth, thus here I focus only on the slope and forecasted
future consumption growth. The results of this second stage are reported in Table 5. Newey-

West asymptotic t-statistics are adjusted for one lag of moving average residuals.
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The message of Table 5 is that the relation between the slope and consumption volatility
appears to proxy for a relation between forecasted consumption growth and consumption
volatility. Over the full sample, high quarter-t¢ forecasts of future consumption growth cor-
respond to low consumption volatility in quarter ¢ 4+ 1. The relation is strongly statistically
significant for both absolute residuals and squared residuals. Because the slope tends to be
steeper than usual in times of high forecasted consumption growth, the slope also forecasts
volatility. However, the forecast power of the slope for volatility is subsumed by that of
forecasted consumption growth. The table also reports subperiod results which give general
support to this view. In both 1952-1977 and 19832000, forecasted consumption growth is
more closely tied to subsequent consumption volatility than is the slope.'?

The same basic approach is used to forecast covariances between innovations in consump-
tion growth and asset returns. I construct innovations to excess stock returns and bond
returns in quarter ¢ 4+ 1 by regressing them on the the lagged slope of the term structure.

The constructed innovations are denoted érf,; and ér}, . I then estimate (15):
(6t+1)(érf+1) = do + dlSLt + dQACtJrl + 77]g,t+1, k € {S, b} (15)

Table 6 reports the results from (15). Asin Table 5, three samples are examined: The full
1952:1 through 2000:4 period and the pre-experiment (1952:1-1977:4) and post-experiment
(1983:1-2000:4) periods. Newey-West asymptotic ¢ statistics are adjusted for one lag of
moving average residuals.

The results are not surprising, given what we have seen in Tables 3 through 5. The
quarter t 4+ 1 covariance between consumption growth and stock returns is closely associated
with the quarter ¢ term structure slope. In the full sample, we can reject the hypothesis
of no relation at the 1% significance level. As in Table 5, this relation appears to proxy
for an underlying relation between the covariance and expected consumption growth. When
expected consumption growth is high, the covariance between consumption and stock returns
is low. When both the slope and expected consumption growth are allowed to forecast this
covariance, only the coefficient on expected consumption growth is statistically significant.
Evidence from the smaller samples is less conclusive (in particular, in the latter sample the
explanatory power of the slope slightly exceeds that of expected consumption growth), but
the sample sizes are small.'?

The evidence we saw in Table 5 is that consumption growth and stock returns are unre-

lated when the slope of the term structure is less than usual. The evidence in Table 6 does

12T produce the subperiod results, (12) was reestimated on the subperiod’s data, then (13) and (14) were
estimated on the subperiod-specific residuals.
13See footnote 12.
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not directly address this result. We can, however, modify regression (15) by replacing the
explanatory variables, including the constant term, with two dummy variables. The first
dummy variable equals one when the slope is greater than its median, and the second equals
one when the slope is less than its median. The results of this regression (which are not
reported in any table) confirm the earlier evidence. When the slope exceeds its median, the
covariance between consumption growth and stock returns is statistically indistinguishable
from zero at any conventional significance level. When the slope is less than its median,
the covariance differs from zero at the 0.0005 level. This result also holds when the slope
dummies are replaced with dummies based on whether the expected growth in consumption
is greater or less than its median.

The results for bond-return covariances are dramatically different. Over the period 1952
through 2000, neither the slope nor expected consumption growth are associated with the
covariance between consumption growth and bond returns. The same (non) pattern holds
in the pre-experiment subperiod. One puzzle is that in the post-experiment subperiod,
the slope (but not expected consumption growth) is strongly positively associated with this
covariance. Since this relation is not robust across the time periods, and there are relatively
few observations in the post-experiment period, the true significance of this relation may be
overstated by the statistical tests. Therefore I do not pursue this anomalous result further.

Recall from Table 5 that correlations between bond returns and consumption growth are
small. Similarly, the sample mean of (¢,41)(ér?,,) is statistically indistinguishable from zero.
(This is not reported in any table.) In the absence of the results from Tables 5 and 6, we
might choose to chalk this result up to bad consumption data. Bad consumption data would
also explain why the covariance between consumption growth and bond returns does not seem
to vary with the slope of the term structure (aside from the short post-experiment period).
But the stock-return results in these tables document that there is enough information in the
consumption data to infer strong patterns in the covariance between consumption growth
and stock returns. Thus the lack of a pattern in covariances involving bond returns likely

reflects the true economic relation between aggregate consumption and the bond market.

4.3 Interpretations

The evidence reported in sections 2, 4.1 and 4.2 is difficult to incorporate into the standard
representative-agent, consumption-based theories of asset pricing. This begs the question—
what theories are consistent with this evidence? One possibility is to stay within the
consumption-based framework but reject the hypothesis that a representative agent con-

sumes per capita U.S. consumption. The representative agent may consume per capita
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OECD consumption (i.e., markets are truly global), or there may be no representative agent.
Either direction makes it easier to explain away the fact that the stock market earns high
excess returns at times when its U.S. aggregate consumption beta is zero.

What is not so easy to explain away is the forecast power of the slope for expected
excess returns. In the heterogeneous agent model of Constantinides and Duffie (1996), time-
variation in the variance of household-idiosyncratic shocks creates time-variation in risk
premia. But why should this variance increase at times when the slope is steep? One con-
founding piece of evidence documented above is that the variance of aggregate consumption
is low at such times, which means that the variance of idiosyncratic shocks will have to move
opposite the variance of aggregate shocks. In addition, it is hard to come up with a story
linking the slope to the variance of idiosyncratic shocks that does not have some link to
recessions. But then the story will have trouble explaining the results of Table 2. Surplus
consumption, which we can think of as a recession variable, does not capture the forecast
power of the slope for excess bond returns.

The same trouble befalls other models that attempt to provide a unified explanation of the
slope’s forecast power for stock and bond excess returns. Consider, for example, the approach
in Brandt and Wang (1999). Essentially, they assert that investors’ risk premia are affected
by inflation; inflation exogenously raises the consumption habit (X;) of a representative
consumer, making investors more risk averse. Because the slope contains information about
inflation, the slope will forecast excess returns. But again, we are then faced with the puzzle
of why surplus consumption captures the forecast power of the slope for excess stock returns
but not for bond returns. It is worth noting that almost any source of time-variation in
bond risk premia implies that the slope forecasts excess bond returns. The reasoning follows
Berk (1995). If a shock leads investors to require higher expected excess returns to bonds,
long-maturity bond prices will fall (their yields will rise), and the term structure slope will
rise accordingly.

The results discussed so far raise questions, not just about risk premia, but also about
the relation between asset returns and business cycles. I investigate some of these questions

next.

4.4 Predicting business cycles with asset returns

Asset returns forecast business cycles. Increases in stock prices correspond to contempo-
raneous and future increases in aggregate consumption, output, and income.'* Returns to

long-term bonds also forecast business cycles, although this forecasting power is typically

14See, e.g., Fischer and Merton (1984) or Barro (1989).
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expressed in terms of changes in interest rates.!> The evidence in Tables 4 and 6 suggests
that the strength of these forecasts may depend on the slope of the term structure. We
have seen that the relation between the excess stock return in quarter ¢ and consumption
growth from quarter ¢ to quarter ¢ + 1 depends on the slope of the term structure. Is the
same dependence to be found in more distant growth rates and with other macroeconomic
variables? I explore this question here.

My approach is to slightly modify linear forecasts of macroeconomic growth rates by
allowing the parameters to depend on the term structure slope. Define D_SLOPE, as a
dummy variable that equals one if the slope of the term structure is greater than its sample

median at the end of quarter ¢. I estimate regressions of the following form:
Aziy; = by + by D_SLOPE; + (by + byD_SLOPE)ery ; + ey 144, k = {s,b}, (16)

where Az, is the change in the log of aggregate consumption, GDP, or labor income from
quarter t + i to quarter t +¢ + 1. (All variables are aggregate, real, per capita.) The results
of estimating (16) from 1952:1 through 2000:3 are displayed in Table 7. The coefficient b;
reflects the direct forecasting power of the quarter-t slope for future macroeconomic growth.
The coefficient by reflects the forecasting power of stock (erf ;) or bond (ery, ) return when
the quarter-t slope is less steep than usual, while the sum b, + b3 reflects the forecasting power
when the slope is steeper than usual. Newey-West asymptotic t-statistics are adjusted for
one lag of moving average residuals.

There are three main points to take from Table 7. First, when the term structure slope
at the end of quarter ¢ is flatter than usual, the stock market excess return in quarter ¢t + 1
is a strong forecaster of the growth of consumption, GDP, and labor income from both ¢ + 1
tot+2 and t+ 2 to t + 3. Each of these six estimates of by is significantly greater than zero
at the five percent level. The forecasting power dies off for growth from ¢ + 3 to ¢t + 4.

Second, the forecasting power of the stock market significantly differs when the term
structure slope is steeper than usual. For five of the six regressions for which b, is signif-
icant, b3 is negative and significantly different from zero. The sum by + bs is statistically
indistinguishable from zero in each of the regressions. (This is not reported in the table.) In
other words, when the slope is steeper than usual, the forecasting ability of the stock market
is nonexistent.

Third, the relation between bond returns and macroeconomic growth roughly corresponds
to that between stock returns and macroeconomic growth. When the slope is flatter than

usual, bond excess returns forecast future growth in consumption, output, and income; the

15See Estrella and Mishkin (1998) for some recent evidence.
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growth is concentrated from quarter ¢t 4+ 2 to quarter ¢t + 3. When the slope is steeper than
usual, this forecasting power disappears.

These results are puzzling. Their main message is that the relation between asset returns
and the business cycle is predictably strong or weak, depending on the slope of the term
structure. More generally, these results suggest that the kinds of shocks that hit the economy
when the term structure is steep are fundamentally different from the kinds of shocks that
hit when the term structure is less steep. (When the dummy for the magnitude of the slope
of the term structure is replaced with a dummy variable for the magnitude of next quarter’s
forecasted consumption growth, the results are qualitatively unchanged.) In this paper, I
make no attempt to explore the reasons why these qualitative differences exist. Instead, I
simply note that the results imply linear regressions (including vector autoregressions) that
link asset returns with business cycles are misspecified. The usual joke about the stock
market is that it has forecasted x + y of the past x recessions, y > 0.1 The results here
suggest that the y recessions that did not materialize may have been forecasted when the

slope of the term structure was steep.

4.5 What drives stock and bond prices?

Stock prices should respond to news about expected future cash flows and discount rates,
while bond prices should respond to news about expected future interest rates. Realizations
of cash flows, discount rates, and future interest rates are noisy measures of these expecta-
tions. Thus a standard test of models of asset-price determination is to regress asset returns
on future realizations of relevant variables.!” I follow the same approach here in examining
whether the explanatory power of future variables for current asset returns depends on the
slope of the yield curve.

I start with stock returns and follow Kothari and Shanken (1992) by using dividend
growth, investment growth, and future stock returns as explanatory variables. Because of
the persistence of dividends, news about today’s dividends corresponds to changes in the
current stock price. News today about future investment opportunities also shows up in
today’s stock price.'® Kothari and Shanken include future stock returns in the regression to
help correct for the errors-in-variables problem associated with using the future realization
of investment as a proxy for the current news about future investment.

A bit of data-mining revealed that the vast majority of information in quarterly dividend

growth for stock returns is the contemporaneous dividend shock. I construct this shock by

16This formulation of the joke seems to take much of the humor out of it. ..
17See Fama (1990) for an implementation of this approach and references to earlier research.
18The causality could be reversed if managers use g-theory to make investment decisions.
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fitting the quarterly log change in dividends to an AR(4).'® The shocks, denoted d;, are in-
sample residuals from the regression. Quarterly investment growth, denoted Al;, is defined
as the log change, from quarter ¢ to quarter ¢ 4 1, in real gross domestic private investment.
The timing is chosen to be consistent with the convention used here for other growth rates of
real variables. The excess aggregate stock return during quarters ¢ through ¢ + 4 is denoted

s L
R} _,. The regression is

67’: = bo + blczt + bgAIt + bgAIH_l + b4AIt+2 + b5AIt+3 + bGAIt+4 + b7Rf+4 + €st- (17)

I estimate (17) on the full 1952-2000 sample, and on two samples formed by splitting the
data based on the slope of the term structure at the end of quarter t — 1. For each sample,
three regressions are estimated: One uses only dividend growth, another uses only future
investment growth and future stock returns, and the third includes all explanatory variables.
Newey-West asymptotic t-statistics are adjusted for one lag of moving average residuals. The
results are displayed in Table 8.

The table reports that in the full sample, both innovations in dividends and future invest-
ment growth help explain (in an adjusted-R? sense) excess stock returns. In the full sample,
dividend innovations alone produce an adjusted R? of 25 percent. However, when the slope
of the term strucure in quarter ¢t — 1 is steeper than usual, the explanatory power is substan-
tially lower (adjusted R? is 12 percent) than when the slope is flatter than usual (adjusted
R? is 40 percent).? This pattern carries over to the explanatory power of future investment
growth. In the full sample, five quarters of future changes in investment (along with future
stock returns to correct for the errors-in-variables problem) produce an adjusted R? of 19
percent. But when the slope is steeper than usual, the adjusted R? is only three percent,
versus 28 percent when the slope is flatter than usual. When all explanatory variables are
used, they capture only 17 percent of the variability in excess stock returns conditioned on
a steep slope of the term structure. When the slope is flatter, the variables explain over half
of the variability in excess stock returns.

Before attempting to interpret this evidence, I note another result in the table. Notwith-

standing the differences in R?, the residual standard errors are not substantially different

19T use quarter-to-quarter changes in log quarterly dividends, not quarter-to-quarter changes in a trailing
four-quarter average of log quarterly dividends. Thus there are seasonals in the dividend series that I use.
Including seasonal dummies in the forecasting regression did not materially affect the results.

20These results are not sensitive to the construction of dividend innovations or the exclusion of future
dividends from the regression. If lags -4 through 4 of dividend growth are used as explanatory variables
instead of contemporary dividend innovations, the adjusted R2 is 16 percent for the steep-slope sample and
41 percent for the low-slope sample.
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across the slope-sorted samples. (In fact, when the dividend innovation is excluded from the
regression, the residual standard error is higher for the flat-slope regression.) Recall from
Table 3 that excess stock returns are more volatile when the slope is flatter. It appears
that during such times, the economy is subject to a type of shock that jointly affects stock
returns, dividends, and future investment opportunities. When the slope is steeper than
usual, this source of uncertainty disappears. As with the macro forecasting regression (16),
the results are qualitatively unchanged if the sample is split based on the magnitude of the
one-quarter-ahead forecast of consumption growth.?!

I now turn to bond returns. Bond returns can be decomposed into news about future
short-term interest rates and news about future excess bond returns. For example, bond
prices can fall today because short-term interest rates jumped up and are expected to remain
high, because investors revise upward their expectations of future changes in short-term
interest rates, or because investors revise upward their expectations of future excess returns
to bonds. Here I ask whether the kinds of news that moves bond prices depends on the slope
of the term structure. I regress the quarter-t excess bond return on contemporaneous and
future changes in short-term interest rates y; and on the excess bond return realized during
quarters ¢+ 1 through ¢ +4, denoted R? 4- (The future excess bond return also helps correct

for the errors-in-variables problem discussed in stock returns.)

67”5 = by + b1 Ay + baAyri1 + b3Aysro + baAyris + bsAya + b6R?+4 + ept (18)

The change Ay, is defined as the three-month bill yield at the end of quarter ¢ less the
three-month bill yield at the end of quarter t —1. As with (17), the number of leads included
in (18) was determined by data-mining. I estimate (18) on the full 1952-2000 sample and
on two subsamples splitting the data based on the slope of the term structure at the end of
quarter ¢ — 1. The results are displayed in Table 9.

The results show that in the full sample, the news in excess bond returns is primarily
news about contemporaneous changes in short-term interest rates. Neither changes in short-
term interest rates over the next year nor excess bond returns over the next year help explain
current returns. This result carries over to periods when the slope is flatter than usual. How-
ever, when the slope is steeper than usual, the determinants of current bond returns appear
to change. The contemporaneous change in short-term yields remains important. However,
bond returns also appear to respond to news about expected changes in short-term yields
over the next year. In addition, future excess returns have explanatory power, although it is

not clear whether this explanatory power is just picking up the errors-in-variables problem

21Using all explanatory variables, the adjusted R? in the high-expected-growth sample is 24 percent, versus
53 percent in the low-expected-growth sample.
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or whether bond prices today are reacting to changes in expected future excess bond returns.
(The sign of the estimated coefficient is consistent with both explanations.)

The evidence in Tables 8 and 9 does not do much to advance our understanding of what
drives stock and bond returns. If anything, they deepen our confusion. In particular, when
the term structure is steep, stock returns do not appear to be closely related to dividends
or future investment. In results that are not detailed here, I have run many additional
regressions, attempting to find a variable—such as real interest rates, inflation, or GDP-that
has more explanatory power. The results of these regressions can be inferred from their

absence in this paper.

5 Concluding comments

This paper attempts to explain, in the context of consumption-based, representative-agent
asset-pricing models, why the slope of the term structure forecasts excess returns to stocks
and bonds. In one sense, the exercise is successful because it finds that the joint dynamics
of consumption and returns are closely linked to the slope. But this evidence goes the wrong
way. The evidence, combined with the models, imply that a higher slope corresponds to
lower expected excess returns for stocks and unchanged expected excess returns for bonds.
This implication is avoided in heterogeneous-agent models, but the results in this paper pose
problems for these models as well.

The evidence documented here also tells us that the relation between asset returns and
the macroeconomy is closely linked to the expected growth of aggregate consumption. Since
the term-structure slope forecasts future consumption, this relation is also linked to the
slope. When the slope is flatter than usual (expected growth is low), the economy appears
to be subject to a kind of shock that affects the current stock market and future short-
run (one or two quarters out) economic activity. This shock drives the observed positive
correlation between the stock market and future output. But when the slope is steeper than
usual (expected growth is high), whatever drives the shock is missing. At those times, stock
returns are largely unrelated to future output. What is the source of this shock? When the

slope is steep, what determines stock returns? These questions are left for future work.
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Appendix

This appendix describes the sources of the data used in this paper.

1. Excess stock returns

Monthly raw aggregate stock returns are measured by the continuously-compounded re-
turn to the Center for Research in Security Prices (CRSP) NYSE/Amex/Nasdaq value-
weighted index. Quarterly raw returns are produced by summing monthly returns.
Quarter t excess returns are produced by subtracting the continuously-compounded

yield to a three-month Treasury bill observed at the end of quarter ¢ — 1 (also from
CRSP).

2. Excess bond returns

Monthly raw returns to long-maturity Treasury bonds are measured by the continuously-
compounded return to a CRSP-constructed portfolio of Treasury bonds with maturities
between five and ten years. Construction of excess quarterly returns follows the pro-

cedure for stock returns.

3. Term structure slope

The slope of the term structure is measured by the difference between a ten-year
Treasury bond yield and a three-month Treasury bill yield. Both are from CRSP and
are observed at quarter-end. The yields are expressed in percent/year. Alternative
slope measures that are referred to in the paper replace the ten-year yield with either
a thirty-year Treasury bond yield, a five-year zero-coupon Treasury yield (implied by
coupon bond prices), or an average yield on long-term, Aaa-rated corporate bonds.
All but the corporate bond yields are from CRSP and measured at quarter-end. The
corporate bond yields are from Moody’s by way of the Federal Reserve’s database, and

are the average yields during the last month of the quarter.

4. NIPA data

National Income and Product Accounts (NIPA) data are from the Bureau of Eco-
nomic Analysis (BEA) web site (publication date April 2001). Gross domestic product
(GDP) is divided by the GDP deflator and by mid-quarter U.S. population (also from
the BEA web site). Aggregate consumption is measured by the sum of real expendi-
tures on nondurables (divided by the nondurables deflator) and services (divided by
the services deflator), divided by the U.S. population. The definition of labor income
follows Lettau and Ludvigson (2001). It is divided by the deflator for personal con-
sumption expenditures (PCE) and U.S. population. After-tax corporate profits are
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measured by the NIPA measure of profits after tax, adjusted for inventory valuation
and capital consumption. The result is divided by the PCE deflator. The NIPA data
range from 1947:1 through 2000:4.

. Dividends

Monthly D/P ratios are constructed by subtracting the return, excluding dividends,
to the CRSP value-weighted index from the return, including dividends, to the same
index. An artificial series of monthly nominal dividends is constructed by multiplying
these D/P ratios by the cumulated gross return, excluding dividends, to the CRSP
value-weighted index. Quarterly nominal dividends are the sum of the monthly divi-
dends. Real dividends are produced by dividing by the PCE deflator.
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Quarters  Stock Return Regressions Bond Return Regressions

Ahead (i) Constant Slope R? Constant  Slope R?

1 1.506 1.149 0.021 0.228 0.483 0.025
(2.60) (2.08) (1.07) (1.43)

2 1.501 0.975 0.014 0.223 0.568 0.036
(2.58) (1.53) (1.04) (2.37)

3 1.496 1.012 0.015 0.219 0.645 0.048
(2.54) (1.68) (1.03) (2.97)

4 1.508 0.343 -0.003 0.220 0.499 0.026
(2.54)  (0.66) (1.01) (2.08)

Table 1: Forecasting Excess Returns With the Term Structure Slope, 1952:1-2000:4

Quarter ¢ excess log returns to stock and Treasury bond portfolios are regressed on the
demeaned slope of the yield curve as of the end of quarter t — i. The stock portfolio is
the CRSP value-weighted index. The bond portfolio is a portfolio of Treasury bonds with
maturities between five and ten years. Excess returns are produced by subtracting the yield
on a three-month Treasury bill. The slope is measured by the difference between ten-year and
three-month Treasury yields. All variables are expressed in percent. Asymptotic t-statistics,
adjusted for generalized heteroskedasticity and one lag of moving-average residuals, are in

parentheses. The reported R?’s are adjusted for degrees of freedom.
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Quarters Stock Return Regressions

Bond Return Regressions

Ahead (i) Slope Cons Growth — R? Slope Cons Growth — R?

1 0.730 -12.260 0.037 0.441 -1.515 0.021
(131)  (-2.15) (120)  (-0.61)

2 0.590 -11.302 0.026 0.537 -1.211 0.032
(0.94)  (-1.96) (1.98)  (-0.48)

3 0.589 -11.717 0.028 0.611 -1.484 0.045
(0.97)  (-1.86) (2.65)  (-0.66)

4 -0.143 -13.839 0.021 0.485 -1.359 0.025
(-0.29)  (-2.20) (1.94)  (-0.60)

Table 2: Forecasting Excess Returns With the Slope and Historical Consumption Growth,

1957:2-2000:4

Quarter ¢ excess log returns to stock and Treasury bond portfolios are regressed on the
quarter t — ¢ yield curve slope and on the quarter ¢ — ¢ “consumption surplus,” defined as
a weighted average of the past 40 quarters of aggregate consumption growth (equation (8)
in the text). The stock portfolio is the CRSP value-weighted index. The bond portfolio is a
portfolio of Treasury bonds with maturities between five and ten years. Excess returns are
produced by subtracting the yield on a three-month Treasury bill. The slope is measured by
the difference between ten-year and three-month Treasury yields. All variables are expressed
in percent. Asymptotic t-statistics, adjusted for generalized heteroskedasticity and one lag
of moving-average residuals, are in parentheses. The reported R?’s are adjusted for degrees

of freedom.
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Sample

period Variable Slope > median Slope < median F-test
1952:1-2000:3  Aceyq 0.377 0.546  0.000
Aciis 0.377 0.541  0.000

Aciys 0.367 0.551  0.000

eryiq 7.112 8.679 0.052

ery s 7.504 8.578 0.191

ery s 7.179 8.916 0.036

ety 3.157 3.205 0.884

erfys 2.952 3.445  0.132

erd, 3.124 3.278  0.640

1952:1-1977:4  Acyq 0.485 0.537 0.472
Aciia 0.403 0.579 0.011

Acys 0.456 0.545 0.204

ery 7.318 8.628 0.243

eryio 7.692 8.641  0.409

ersyy 7.081 9.114 0.074

erd. 2.330 1.908 0.157

erd., 2.298 2.068 0.453

erl, 1.935 2.407 0.123

1983:1-2000:3  Aceyq 0.331 0.400 0.284
ACt+2 0.307 0.414 0.089

Aciys 0.288 0.428  0.028

eryiq 6.998 8.493  0.264

ery s 7.520 8.246  0.594

ers.q 7.412 8.274 0.531

er’ 3.723 2.529  0.027

€Ty 3.765 2.456  0.015

erd 3.647 2.700 0.089

Table 3: The volatilities of asset returns and aggregate consumption growth, conditioned on

the slope of the yield curve

The log change in aggregate per capita real consumption on nondurables and services from
quarter t + i to quarter t 4+ ¢ + 1 is denoted Ac;y;. The excess log return to the aggregate
stock market in quarter ¢ + i is denoted er; ;. The excess log return to a portfolio of
long-term Treasury bonds in quarter ¢ + i is denoted er?,;. The quarter-end term-structure
slope is measured by the difference between ten-year and three-month Treasury yields. All
variables are expressed in percent. The reported dates are the maximum ranges for quarter
t. Because the last observation for consumption growth is 2000:3 and the last observation for
asset returns is 2000:4, the range is occasionally shorter than labeled. The column labeled
“F-test” reports the p-value of the F-statistic that the population variances are equal.
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Sample Slope > median Slope < median
period Variable Ac;11 Al erfy eer Aciyr Aligyy ery erth
1952:1-2000:3 Acyiq 1.00 1.00

Aligyq 0.40 1.00 0.66 1.00

ery 0.01  -0.08 1.00 0.37 0.27 1.00

erfﬂ 0.08 -0.03 0.21 1.00 0.08 0.05 0.18 1.00
1952:1-1977:4  Acyyq 1.00 1.00

Aligyq 0.52 1.00 0.67 1.00

ery 0.09 0.03 1.00 0.43 0.38 1.00

eTfH 0.05 -0.07 0.21 1.00 -0.14 -0.14 0.02 1.00
1983:1-2000:3  Acyiq 1.00 1.00

Aligyq 0.34 1.00 0.49 1.00

ery -0.21  -0.09 1.00 0.40 0.08 1.00

erd,, 0.21 0.04 030 1.00 -0.20 0.18 -0.08 1.00

Table 4: Conditional correlations among asset returns and real variables

Log-differenced aggregate consumption, Ac;, is defined in Table 3. Log-differenced labor
income, Ali;, is defined similarly. The excess log return to the aggregate stock market in
quarter t+1 is denoted ery, ;. The excess log return to a portfolio of long-term Treasury bonds
in quarter ¢t + 1 is denoted er? 11~ All variables are expressed in percent. The correlations
are conditioned on whether the slope of the yield curve at the end of quarter ¢ is steeper or
flatter than its median. Details on the ranges of data used are in Table 3.
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Sample  Dependent __ Coefon:
Period Variable Slope Fitted Cons Growth

1952-2000 |G —0.032
(—1.82)
1952-2000 |4 —0.295
(—2.65)
1952-2000 |G —0.007 —0.271
(—0.36) (—2.27)
1952-2000  (G41)>  —0.043
(—2.00)
1952-2000  (G141)? —0.317
(—2.35)
1952-2000  (&4y)>  —0.021 —0.244
(—1.00) (—1.92)
1952-1977 |G| 0.007 —0.187
(0.11) (—0.62)
1952-1977  (G41)? 0.004 —0.270
(0.06) (—0.82)
1983-2000 |G| —0.012 —0.169
(—0.62) (—1.29)
1983-2000  (G41)>  —0.013 ~0.197
(—0.83) (—1.61)

Table 5: Forecasting the volatility of innovations in consumption growth

The absolute and squared innovations in log consumption growth ¢;,; are regressed on the
previous slope of the term structure and the previous quarter’s forecast of consumption
growth. Innovations in consumption, as well as the one-quarter-ahead forecasts, are produced
with an OLS regression of consumption growth on lagged consumption growth, lagged labor
income growth, the slope of the term structure, inflation, and stock returns. All variables
are in percent. Asymptotic t statistics, adjusted for generalized heteroskedasticity and one
lag of moving average residuals, are in parentheses.
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Regressions of stock
__ return covariances __

Fitted
Cons Growth

Regressions of bond
__return covariances __
Fitted
Slope Cons Growth

Sample
Period Slope
1952-2000 —0.665
(—3.05)
—0.255
(—1.42)

1952-1977  —0.984
(—1.87)

—0.371
(—0.67)

1983-2000 —0.715
(—1.91)

—0.701
(—1.91)

—5.324
(—3.43)

—4.419
(—2.98)

—5.329
(—1.96)

—4.016
(—1.30)

—2.872
(—1.17)

—2.784
(—1.23)

—0.204
(—0.84)

—1.096

(—0.89)

~0.153 —0.553

(—0.70) (—0.71)
0.189
(1.39)

0.895

(1.37)

0.113 0.496

(0.64) (0.59)
0.243
(3.34)

0.258

(0.67)

0.242 0.228

(3.30) (0.60)

Table 6: Forecasting covariances between consumption growth and asset returns

A two-step procedure is used to forecast one-quarter-ahead covariances between consumption
growth and asset returns. In step one, innovations in log consumption growth, excess stock
returns, and excess bond returns are produced by regressing the raw variables on explanatory
variables. In step two, the product of innovations in consumption growth and innovations
in asset returns are regressed on the lagged slope of the term structure and forecasted con-
sumption growth. The consumption forecasts are produced with the same regression used to
construct one-quarter-ahead innovations. All variables are in percent. Asymptotic t statis-
tics, adjusted for generalized heteroskedasticity and one lag of moving average residuals, are

in parentheses.
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Dependent ___ Stock return regressions — ___ Bond return regressions

Variable bl b2 b3 R2 b1 b2 bg R2

Aciyy 0.144  0.024 -0.024 0.105 0.137 0.015 -0.005 0.016
(2.01) (4.18) (-3.11) (1.88) (0.72) (-0.23)

Aciyg 0.195 0.012 -0.015 0.049 0.177 0.030 -0.027 0.045
(2.67)  (2.78) (-2.20) (2.39)  (2.28) (-1.38)

Aciis 0.161  0.003 -0.005 0.013 0.155 0.019 -0.030 0.022
(2.22)  (0.50) (-0.71) (2.21)  (0.91) (-1.29)

Agdpiiq 0.515 0.037 -0.032 0.114 0.581 -0.018 -0.045 0.093
(3.64) (3.46) (-2.16) (4.12) (-0.42) (-0.96)

Agdpyio 0.604 0.049 -0.040 0.191 0.634 0.086 -0.111 0.137
(4.38)  (5.30) (-2.72) (4.14)  (4.01) (-3.55)

Agdpi 3 0.430 0.021 -0.012 0.059 0.441 0.057 -0.054 0.058
(2.89)  (1.62) (-0.75) (2.90)  (1.54) (-1.25)

Aliyyy 0.210 0.029 -0.037 0.038 0.187 0.014 -0.022 -0.003
(1.69)  (2.24) (-2.09) (1.37)  (0.45) (-0.57)

Aligyg 0.308 0.018 -0.011 0.037 0.329 0.018 -0.020 0.022
(2.34)  (1.81) (-0.84) (2.51)  (1.20) (-0.62)

Aligy s 0.054 -0.014 0.035 0.013 0.131  0.005 -0.019 -0.009
(0.40) (-0.87)  (1.97) (0.98)  (0.16) (-0.46)

Table 7: Forecasting real activity with asset returns and the term structure slope, 1952:1
through 2000:3

Log-differenced quarterly real per capita consumption, Ac;, is defined in Table 1. Log-
differenced quarterly real per capita GDP, Agdp,, and labor income, Ali;, are defined sim-
ilarly. The variable D_SLOPE; is a dummy variable that equals one if the slope of the
Treasury term structure at the end of quarter ¢ exceeds its median. Excess log returns to
stock and Treasury bond markets, ery , and er} ,, are defined in Table 1. All variables are
expressed in percent. This table reports results from the regression

Axy; = by + 0 D-SLOPE; + (by + b3D_SLOPEt)erf+1 + ep i, v ={c,gdp,li}, k= {s,b}.

Heteroskedasticity-consistent ¢-statistics, adjusted for one lag of moving average residuals,
are in parentheses. The reported R?’s are adjusted for degrees of freedom.
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Sample dt A]t AIt+1 AIL‘-{-Q AIt+3 A-[t+4 Rf+4 SEE R2
Full sample 0.652 6.966 0.254
(5.96)
Slope > median  0.413 6.714 0.116
(2.91)
Slope < median  0.855 6.691 0.403
(6.89)
Full sample 0.182 0.535 0.366 -0.050 0.261 -0.059 7.260 0.187
(1.51) (3.39) (2.78) (-0.61) (2.64) (-1.62)
Slope > median 0.210 0.127 0.408  0.182 0.122  0.005 7.047 0.026
(1.17) (0.61) (1.97) (1.12) (0.73) (0.10)
Slope < median 0.211 0.732 0.388 -0.098 0.416 -0.120 7.293 0.284
(1.50) (4.08) (2.37) (-0.92) (3.11) (-2.14)
Full sample 0.615 0.131 0.512 0.293 -0.005 0.247 -0.061 6.145 0.417
(6.34) (1.41) (4.59) (3.17) (-0.07) (2.56) (-2.00)
Slope > median  0.451 0.187 0.254 0.381  0.179 0.209 -0.011 6.510 0.169
(3.45) (1.13) (1.42) (2.09) (1.14) (1.28) (-0.26)
Slope < median  0.722 0.095 0.567 0.248 -0.051 0.276 -0.090 5.688 0.565
(6.72) (0.79) (4.53) (2.24) (-0.49) (2.31) (-2.20)

Table 8: Explaining stock returns with current and future real variables, 1952:1 through

2000:4

Excess log stock returns in quarter ¢ are regressed on the contemporaneous innovation in
log quarterly dividends (a?t, the innovations are residuals from an AR(4) regression), current
and future changes in log real private fixed domestic investment (Al;;), and on the excess
stock return over the next four quarters (R;,,). The data are split into two samples, based
on whether the slope of the Treasury term structure in quarter ¢ — 1 is greater or less than
its median. All variables are expressed in percent. The column labeled SEE reports the
standard error of the estimated residual. Heteroskedasticity-consistent t-statistics, adjusted
for one lag of moving average residuals, are in parentheses. The reported R*’s are adjusted
for degrees of freedom.
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Sample Ay Ayrr Ay Ayz Ayis R§+4 SEE R?

Full sample 2167 -0.112 -0.197 0.196 0.080  0.003 2.369 0.456
(-13.82) (-0.37) (-0.99) (0.91) (0.32)  (0.09)

Slope > median ~ -2.588 -1.160 -0.432 -0.900 -0.231 -0.114 2209 0.505
(-8.44) (-2.76) (-1.18) (-2.05) (-0.64) (-2.19)

Slope < median ~ -2.046 -0.024 -0.399 0.122 -0.143 -0.088 2.089 0.581
(-9.20) (-0.06) (-1.11) (0.44) (-0.58) (-1.20)

Table 9: Explaining bond returns with current and future short-term interest rates and
future bond returns, 1952:1 through 2000:4

Excess log bond returns in quarter ¢ are regressed on current and future changes in three-
month Treasury bill yields y; and on the excess bond return over the next four quarters
(RY.,). The data are split into two samples, based on whether the slope of the Treasury
term structure in quarter ¢t — 1 is greater or less than its median. All variables are expressed
in percent. The column labeled SEE reports the standard error of the estimated residual.
Heteroskedasticity-consistent t-statistics, adjusted for one lag of moving average residuals,
are in parentheses. The reported R?’s are adjusted for degrees of freedom.
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A. Treasury term structure slope
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Figure 1: The slope of the term structure and consumption growth

The term structure slope at the end of quarter ¢ is the difference between ten-year and
three-month Treasury yields. Consumption growth in quarter ¢ is measured by 100 times
the log change, from quarter ¢ to quarter ¢t + 1, of aggregate per capita real consumption on
nondurables and services. Dashed lines are drawn at median values.

39



Regression Coefficient

Regression Coefficient

Figure 2: Regressions of lags and leads of consumption and GDP growth on the slope of the
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term structure, 1952:1 through 2000:4

Quarterly changes in log consumption and GDP Ac¢; and Agdp, are defined in the notes to
Table 3. This figure reports estimated coefficients from regressions of Ac; and Agdp, on the
slope of the Treasury term structure at the end of quarter ¢t — 7. For each real variable, 17
regressions are estimated (i = —8,...,8). The dashed lines are +/- two heteroskedasticity-

consistent standard errors, adjusted for one lag of moving average residuals.
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Figure 3: Scatter plots of excess stock market returns and contemporaneous consumption
growth, conditioned on the slope of the yield curve

Quarterly changes in log consumption and quarterly excess stock returns are defined in the
notes to Table 3. Quarter ¢t + 1 realizations from 1952 through 2000 are sorted into two
groups, based on whether the slope of the term structure at the end of quarter ¢t was greater
or less than its median. These panels display scatter plots of the two groups, where each
observation is labeled with the quarter ¢ + 1 date (YY:Q). The solid lines are the group-
specific means of the variables.
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