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Using a consumption-based asset pricing model with infinite-horizon nonlinear habit for-
mation, Campbell and Cochrane (1999) show that low consumption in surplus of habit
should forecast high expected returns. This article argues that the finite-horizon linear
habit model also implies an inverse relation between expected returns and surplus con-
sumption. This article also presents empirical evidence, which indicates that expected
returns on stocks and bonds vary with surplus consumption implied by the habit models.
The volatility of returns and the reward to volatility are also related to surplus con-
sumption. However, less than 30% of the predictable variation of expected returns, using
standard lagged information variables, is attributed to surplus consumption.

One of most challenging tasks for financial economists is to explain the
dynamic behavior of asset returns using aggregate consumption data. Since
the time-separable utility model cannot even fit the unconditional moment of
the equity premium, a great deal of empirical work has used more general
utility specifications, such as habit formation, to study asset returns. In some
studies, habit is assumed to last for 1 month [e.g., Hansen and Jagannathan
(1991)], 1 quarter, or 1 year [Ferson and Constantinides (1991), Ferson and
Harvey (1992)]. They find that the habit model produces a better fit than the
time-separable utility model. In other studies, habit is assumed to be a linear
or nonlinear function of an infinite history of past consumption. For example,
Heaton (1995) finds that a model with infinite-horizon linear habit formation
can predict the autocorrelation pattern of stocks and Treasury bills, but the
model cannot at the same time fit the equity premium and the volatility
of stock returns. Campbell and Cochrane (1999; hereafter CC) develop an
infinite-horizon nonlinear habit model to explain the cyclical variation in
expected returns and volatility.

This literature demonstrates that a portion of time-varying expected returns
may be explained by asset pricing models with habit formation. In the habit-
based model, each agent’s period utility function increases with consumption
relative to habit. In particular, CC (1999) find that a low level of consumption
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in surplus of habit should forecast high expected returns because risk aversion
is inversely related to surplus consumption. However, their study leaves open
the interesting question of the empirical relation between stock returns and
surplus consumption. The goal of this article is to document to what extent
time variation in expected returns can be explained by the cyclic variation in
surplus consumption.

I first investigate the theoretical relation between expected returns and sur-
plus consumption, and argue that habit models generally imply an inverse
relation between expected returns and surplus consumption. Thus the theo-
retical prediction is not limited to the model studied in CC (1999). I then
examine the empirical relation between expected returns and measures of
surplus consumption and the economic significance of the relation by esti-
mating the portion of time variation in the expected returns on stocks and
bonds that is associated with cyclical movements in surplus consumption.
The empirical results indicate that the long-horizon linear habit model per-
forms better than the short-horizon model and a 5-year linear model fits the
countercyclical pattern in expected returns similar to the nonlinear model of
CC (1999). When habit is assumed to slowly adjust to a long history of past
consumption, the relation between expected returns and surplus consumption
is statistically significant for both the linear and nonlinear habit models.

Recent studies document that the price of risk in the stock market is time
varying and countercyclical [see, e.g., Harvey (1989,1991), Kandel and Stam-
baugh (1990,1991), Ferson and Harvey (1991,1993a), Bekaert and Harvey
(1995), and He et al. (1996)]. Consistent with this evidence, I find a sta-
tistically significant and negative relation between the reward:volatility ratio
and surplus consumption. This implies that time variation in the price of
risk is explained in part by changing surplus consumption. I also find that
for common stocks, the volatility of returns is positively related to surplus
consumption, in contradiction to the countercyclical volatility produced by
CC (1999) using simulated data. Together with the evidence that expected
returns are inversely related to surplus consumption, the negative relation
between expected returns and the volatility in the stock market documented
in the literature [e.g., Campbell (1987), Glosten, Jagannathan, and Runkle
(1993), and Whitelaw (1994)] can be partly attributed to time-varying sur-
plus consumption. Decreases in expected returns associated with increases in
the volatility of returns near the peaks of the business cycle can be explained
by decreases in the reward to volatility as a result of decreasing risk aver-
sion at these times. However, less than 30% of the predictable variation of
expected returns, using standard lagged information variables, is attributed to
surplus consumption.

The rest of the article is organized as follows. In Section 1 I outline the
implications of habit models for time-varying expected returns. In Section 2
I describe the data sources. In Sections 3 and 4 I present empirical results of
estimating the models. In Sections 5 I evaluate the robustness of the results
to alternative econometric specifications. Section 6 concludes.

862



Expected Returns and Habit Persistence

. The Model

1.1 Preferences
A representative investor is assumed to maximize the objective function

Eist (Cr — Xt—l)liy —1
=0 -y

where y is the utility curvature parameter, § is the subjective discount factor,
C, is the flow of consumption at time ¢, and X,_, is the level of habit,
conditional on information as of time ¢ — 1. As in Abel (1990) and CC (1999),
the habit level X,_, is taken to be exogenous by the representative agent.
Exogenous habit is said to be “external.” Under external habit formation,
Equation (1) implies that the intertemporal marginal rate of substitution or
the stochastic discount factor at time ¢ is

C,—X wr
M, = g(f—f—l> . )
Ct—l - Xz—z

; ey

The marginal rate of substitution in Equation (2) is positive if X, , < C,.

Unlike the ratio-based model of Abel (1990), the representative agent’s
period utility in Equation (1) is a function of the difference between con-
sumption and habit (C, — X,_,), following Sundaresan (1989) and
Constantinides (1990), among others. As CC (1999) point out, the advan-
tage of the difference-based model over the ratio-based model is that the risk
aversion in the difference-based model varies with the level of consumption
relative to habit.

1.2 A consumption-based CAPM under habit formation

Let R;, denote one plus the rate of return on asset i from times t — 1 to
ti =1,2,...,n). For M, given by Equation (2), the return satisfies the
Euler equation of the following form:

C,—X r
1=E,_, [3<f—f—1> R”i|’ 3)
thl - Xt—z

where E,_; denotes expectation conditional on information known as of time
t—1

Let Cf = C,—X,_, denote consumption in excess of habit. Assume that the
joint distribution of R;, and C7 is conditionally lognormal and let lowercase
letters denote the natural logarithms of corresponding uppercase letters. Then
Equation (3) implies that the expected return in excess of the riskfree rate
which is known as of time ¢ — 1 satisfies

Et—l [rit] - rf,t—] = —(1/2)(73[_1 + )/COV,,] (ritv Cf) (4)

The variance term on the right-hand side of Equation (4) is a Jensen’s
inequality term. This equation implies that the expected excess return on any
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asset is related to its covariance with ¢{ in the habit model. The time-series
and cross-sectional properties of expected excess returns on assets depend on
their conditional covariances with c;.
Let
c: X,

S,=—=1-
¢ ¢

®)

denote the surplus consumption ratio. Under the restriction X, ; < C,,0 <
S, < 1. CC (1999) argue that S, should increase with consumption and move
with the business cycle. They show that the representative agent’s risk aver-
sion is inversely related to S,. As a result, expected returns and the price of
risk in the aggregate stock market should vary with the surplus consumption
ratio.

Let s, denote the log surplus consumption ratio. Then Equation (5) implies
¢ = ¢, +s,. The conditional covariance of r;, with ¢/ on the right-hand side
of Equation (4) is

cov,_,(r;,, ¢f) = cov,_;(ry, ¢,) +cov,_(r, s,). (6)
From Equation (5), s, is a function of ¢, : 5, = s(c,). Assume that con-

sumption C, is conditionally lognormal. Then Stein’s lemma implies that the
second covariance on the right-hand side of Equation (6) is

as
COV[_I(V”, Sr) =E,_, |:a_cti|covt—l(rit7 Ct) = )‘t—lcovt—l(rin Ct)’ (7
'

where

as
Aot = E[l[a_ct:| (8)
t

is the conditional sensitivity of surplus consumption (ratio) to consumption.'
Substituting Equations (6) and (7) into Equation (4) yields

E _lr]— Fpi—1 = _(1/2)0,3,71 + [y +A,_Dlcov,_ (7, c,). 9)

Equation (9) is consumption-based asset pricing model with the time-varying
price of risk, y (14A4,_,), which is positively related to the sensitivity function

In CC (1999), the period ¢ utility is a function of C, — X, and the surplus consumption ratio is S, = 1-X,/C,,
where X, depends on C,. It is straightforward to see that Equation (7) remains valid in this case.
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A,_;. If A,_, is negatively related to s,_;, as in CC (1999), a low surplus
consumption ratio should forecast high expected returns.

1.3 Specification of linear habit
In the linear habit model, the habit level X,_, is proportional to a weighted
average of past consumption expenditures:

1—¢"\ < G=Dm
X171 = m Z(p CI*/" (10)
1

Jj=

Here 0 < ¢ < 1 is the persistence parameter, which indicates the speed at
which habit adjusts to past consumption, and the integer m is the number of
months elapsed between times + — 1 and . When ¢ — 1, X,_, approaches
an equal-weighted average of past consumption expenditures. The integer
J > 1 is the duration of habit, which determines how long habit reacts to
past consumption. The coefficient 0 < o < 1 controls the level of habit
relative to current consumption.

Using a one-period model with J = 1, Ferson and Constantinides (1991),
Hansen and Jagannathan (1991), and Ferson and Harvey (1992) find that a
positive o produces a better fit than a time separable utility model (¢ = 0)
or a “durable goods” model (¢ < 0). Taking into account the effect of time
aggregation, Heaton (1995) studies an infinite-horizon habit model (J = o0)
and finds large values of a and ¢ to be consistent with the Hansen and
Jagannathan (1991) bounds. With & = 0.98 or lower for monthly and quar-
terly data and o = 0.84 or lower for annual data, I find that the habit level
given by Equation (10) always falls below consumption and the intertem-
poral marginal rate of substitution given by Equation (2) remains positive
and finite for any 0 < ¢ < 1 and J > 1 for the dataset to be described
later in this article. In the rest of the article I assume that the coefficient
a is fixed at « = 0.98 for monthly and quarterly data and @ = 0.84 for
annual data. The results in the article are not sensitive to the precise choices
of a.?

For any difference-based external habit model, including the linear habit
specification in Equation (10), where the habit level X,_, for the period ¢
utility function does not depend on contemporaneous consumption C,, the

The coefficients « and ¢ may be estimated jointly by using Equations (3). Similar to the findings of Heaton
(1995), these coefficients are not precisely estimated in this way. However, estimating the Euler equation for
each fixed value of ¢ indicates that the estimated values of « in most cases are close to the choices given
here.
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sensitivity function A,_; given by Equation (8) can be obtained explicitly.
Using the surplus consumption ratio S, defined by Equation (5), it can be
shown that?

1
Aoy =E |:§i| - L (11)
'

Since 0 < S, < 1, A,_; > 0. The surplus consumption ratio S, should increase
with current consumption. Equation (11) implies that if S, is expected to fall
as a result of declining consumption, A,_; will rise.

It is known that consumption growth is negatively autocorrelated in the
monthly data and positively autocorrelated in the quarterly data. To account
for the autocorrelation in consumption data, I assume that consumption growth
follows a homoscedastic AR(1) process. For a given set of parameters of the
habit level in Equation (10), the conditional expectation in Equation (11) will
be evaluated through numerical integration, using the assumed distribution
of the consumption process. In this way the sensitivity function A,_, evolves
only with the history of consumption up to date + — 1. See Appendix A for
a detailed description.

1.4 Specification of nonlinear habit

The linear habit model will be compared with the nonlinear model of CC
(1999), where consumption growth is i.i.d. and the log surplus consump-
tion ratio s, follows a heteroscedastic AR(1) process with the autocorrelation
coefficient ¢™ measuring the level of habit persistence. In the CC (1999)
model, the sensitivity function X,_, [consistent with Equation (8)] is pro-
portional to the conditional volatility of s,. They choose A,_;, by imposing
the conditions that the riskfree rate is constant and habit is predetermined
at the steady state s = § and moves nonnegatively with contemporaneous
consumption elsewhere. The resulting choice of A,_; is negatively related to
s,_1, similar to what Equation (11) predicts for the linear habit model, where
habit depends only on past consumption and S, is mean reverting. In a mod-
ification to CC (1999), I assume that consumption growth is described by an
AR(1), as in the linear habit model. As in CC (1999), I choose the curvature
parameter ¥ = 2 in the calculation of the steady-state value of s,. With s,
starting at the steady state s, I use the actual consumption series to compute

3 Equation (5) implies

98, _ X _ X/C _ 16,
ac,  C? C, [

Thus
ds, 9lnS, C0S, 1-5 1
dc,  dlnC, ~ SaC,

t

i
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s, and XA,_, recursively. A detailed description of s, and A,_, for the nonlinear
model is also given in Appendix A.

. The Data

2.1 Asset returns and consumption

Monthly and quarterly returns are used for the value-weighted (VW) and
equally weighted (EW) portfolios of all stocks traded on the New York Stock
Exchange (NYSE), a long-term corporate bond portfolio (CB), and a long-
term government bond portfolio (GB). Monthly excess returns are returns
with continuous compounding in excess of the beginning-of-the-month rate
of the Treasury bill that is closest to 1 month to maturity. These data are from
the Center for Research in Securities Prices (CRSP) from the University of
Chicago. Quarterly excess returns are constructed by summing the monthly
returns.

The monthly and quarterly data series for consumption are per capita,
seasonally adjusted real consumption expenditures on nondurables and ser-
vices. The seasonally adjusted real consumption expenditures are deflated by
U.S. resident population data to obtain per capita consumption expenditures.
The consumption expenditures and population data are available from the
Citibank database (CITIBASE). The monthly consumption series covers the
period from January 1959 to December 1995, while the quarterly consump-
tion series starts in January 1947 and ends in December 1995.

In additional to the monthly and quarterly data, I examine a century-long
annual dataset of the S&P 500 stock index, along with per capita real con-
sumption (1889-1992) from Campbell (1996) and CC (1999). The annual
interest rate used to calculate the excess return on this index is the return
from 6-month commercial paper bought in January and rolled over in July,
as in Campbell (1996) and CC (1999). I extend this dataset to the end of
1995.

Empirical evidence indicates that time aggregation affects the volatility
and other time-series properties of consumption data [e.g., Heaton (1993)
and Porter and Wheatley (1999)]. While this article does not address the
issue of time aggregation directly, by comparing the results obtained from
the monthly, quarterly, and annual data of consumption and returns, one can
examine the sensitivity of the results to the sampling frequencies. Ferson
and Harvey (1992, 1993b) find that the seasonality matters in the stud-
ies of the consumption-based asset pricing models under habit formation.
Unlike the results based on the monthly and quarterly data, the analysis based
on the annual data is not affected by the seasonal adjustment procedure for
consumption series. Thus by comparing the results from different sampling
frequencies, one can also examine the robustness of empirical results to the
seasonal adjustment procedure.
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2.2 Information variables

For the monthly and quarterly data, I assume that conditioning information
is captured by the following information variables:* a constant, the excess
return on the value-weighted portfolios of all NYSE stocks (VW), the excess
return on the 3-month bill (XB3), the yield spread between Moody’s Aaa-
rated bonds and the 1-month Treasury bill rate (YSP), the dividend yield
on the S&P 500 composite stock index (DIV), and the 1-month Treasury
bill rate (TB1). The Aaa and the S&P dividend yield data are obtained from
CITIBASE.? The rest are provided by the CRSP. For the annual data, the
availability of data limits the information variables to a constant and the div-
idend yield on the S&P 500 composite stock index (DIV).S The information
variables for each dataset except the constant are beginning-of-period obser-
vations and normalized to have zero means and unit variances to facilitate
the interpretation of the estimated coefficients.

3. Preliminary Results

3.1 Summary statistics

As shown in Table 1, the summary statistics for asset returns and consumption
growth resemble those from earlier studies. The first-order autocorrelations
of the consumption growth rates are —0.25, 0.34, and —0.12 for the monthly,
quarterly, and annual data, respectively, and are statistically significant for the
monthly and quarterly data. Possible explanations for the large variation in
the autocorrelations here include differences in the sample periods between
the datasets and the time aggregation problem. The AR(1) process should be
able to take into account the autocorrelation in consumption data.’

The consumption-based model given by Equation (9) suggests that the
price of risk and expected returns are time varying. Table 1 reports the
adjusted R?s from regressions of excess returns on the information vari-
ables. The predictive power of the information variables for asset returns is
also consistent with earlier studies. Using the monthly data, the adjusted R%s
are 8-12% for the stock portfolios and 5-7% for the bond portfolios. The
quarterly data produce similar adjusted R?s for the stock portfolios, but con-
siderably higher adjusted R*s (8—12%) for the bond portfolios. Finally, the

“The choice of the information variables follows the literature including Harvey (1989), Ferson and
Constantinides (1991), Ferson and Harvey (1991), and Campbell (1996). The lagged stock return is used
here to capture the time variation in the conditional volatility of returns, in addition to the time variation in
expected returns.

° The CITIBASE data are monthly averages of daily yield data. As pointed out by Whitelaw (1994), the averaged
data have the advantage of reducing noise and the disadvantage of being slightly stale.

°1 find that the lagged excess return on the S&P 500 stock index and the lagged annual interest rate are
insignificant in forecasting annual stock returns. When these two additional variables are included as infor-
mation variables, the results using annual data are qualitatively similar.

"1t is well known that if the flow of consumption follows an AR(1), the time-aggregated consumption becomes
ARMAC(1,1) [see Brewer (1973)]. The results of article will not change in any substantial way if the con-
sumption growth is assumed to be ARMAC(I,1)
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Table 1

Summary statistics for asset returns and consumption growth

Mean

Std. dev.

Autocorrelation

Adjusted R?

Monthly data 1964:1-1995:12 (384 observations)

Excess return (%), r; —r,

Value-weighted NYSE index, VW 0.355 4.292 0.049 0.085
Equally-weighted NYSE index, EW 0.529 5.250 0.161 0.118
Long-term corporate bonds, CB 0.114 2.627 0.159 0.070
Long-term government bonds, GB 0.095 2.936 0.059 0.045
Consumption growth (%), ¢, — ¢,_, 0.170 0.390 —0.247
Quarterly data 1952:1-1995:12 (176 observations)
Excess return (%), r; — 1
Value-weighted NYSE index, VW 1.511 7.847 0.100 0.084
Equally-weighted NYSE index, EW 1.867 9.899 0.036 0.086
Long-term corporate bonds, CB 0.292 4.645 0.015 0.120
Long-term government bonds, GB 0.203 4.938 —0.037 0.084
Consumption growth (%), ¢, — ¢,_, 0.501 0.469 0.339
Annual data 1894-1995 (102 observations)
Excess return (%), r; —r;
S&P 500 stock index 5.029 18.518 0.013 0.053
Consumption growth (%), ¢, — ¢,_, 1.736 3.329 —0.117

The monthly and quarterly excess returns r; —r are for following assets: the value-weighted (VW) and equally weighted (EW)
indexes of all stocks traded on the NYSE, a long-term corporate bond portfolio (CB), and a long-term government bond portfolio
(GB). Monthly returns with continuous compounding are in excess of the beginning-of-the-month rate of the Treasury bill that
is closest to 1 month to maturity. Quarterly excess returns are constructed by summing monthly excess returns. ¢, — ¢, is the
change in the log of per capita, seasonally adjusted real consumption of nondurables plus services. The adjusted R? is from
regressing each asset’s excess return on the following information variables: a constant, the excess return on the value-weighted
NYSE index (XVW), the return for holding a 90-day bill for 1 month less the 1-month Treasury bill rate (XB3), the yield on
Moody’s Aaa-rated bonds less the 1-month Treasury bill rate (YSP), the dividend yield on the S&P 500 stock index (DIV),
and the 1-month Treasury bill rate (TB1). The annual excess return r; — ry is for the S&P 500 stock index with continuous
compounding in excess of the return on commercial paper bought in January and rolled over in July. The adjusted R> for annual
data is from regressing each asset’s excess return on the following information variables: a constant and the dividend yield on
the S&P 500 stock index (DIV). All information variables are beginning-of-period values.

regression of the annual stock return on the S&P dividend yield produces an
adjusted R? of 5.3%, similar to the findings of Campbell and Shiller (1988),
Fama and French (1988), and Hodrick (1992). The lower R? from the annual
data is partly due to the use of the dividend yield as the single forecast-
ing variable. According to the result in Forster, Smith, and Whaley (1997,
Table 1, p. 598), the values of R?s together with the sample size (e.g., 384
observations for the monthly data) suggest that the predictability of returns
is unlikely the result of data mining.

Table 2 presents summary statistics for the surplus consumption ratio. For
the linear habit model, I consider durations of 1 quarter, 1 year, 3 years,
and 5 years along with the persistence parameter ¢ = 0.75,0.99, 0.9999.
For each decision interval, the mean and standard deviation of the surplus
consumption ratio increase with the duration and persistence of habit. In
particular, for the monthly and quarterly data, the results from the linear
habit model indicate that between 2% and 7% of consumption is in excess
of habit, whereas between 17% and 20% of consumption is in excess of
habit for the annual data. The first-order autocorrelation of the log surplus
consumption ratio s, exhibits a similar monotonic pattern and approaches the
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persistence parameter as the habit duration increases. For the annual data,
the nonlinear models are not well defined with ¢ = 0.9999 since S > 1. In
other cases, the nonlinear models produce summary statistics similar to the
5-year linear model. Notice that the unconditional autocorrelation of s, here
is different from the persistence parameter ¢ because s, is heterocedastic and
calculated from a finite sample.

The time-series patterns of the sensitivity functions A, implied by the vari-
ous habit models are illustrated in Figures 1 and 2, based on the quarterly and
the annual consumption data, respectively. The plot using the monthly data
is not shown since it is similar to what the quarterly data produce. The solid,
short, and long dashed lines in each figure are for the 5-year linear model,
the nonlinear model of CC (1999), and a modified model of CC (1999),
respectively. The persistence parameter for each model takes the value of
¢ = 0.99. As described in Sections 1.3 and 1.4, in the CC (1999) model,

Table 2
Summary statistics for surplus consumption ratio

Habit in the linear model is assumed to last for

Modified
7 1 quarter 1 year 3 years 5 years CC model CC model
Monthly data
Mean (%)
0.75 2.301 2.600 2.665 2.665 1.272 1.149
0.99 2.332 3.062 4.882 6.519 6.512 5.993
0.9999 2.333 3.082 5.059 7.001 57.94 27.13
Std. Dev. (%)
0.75 0.396 0.534 0.558 0.558 0.498 0.535
0.99 0.413 0.803 1.545 1.975 2.128 2.454
0.9999 0.414 0.815 1.623 2.138 1.130 1.438
First-order autocorrelation s, = log(S,)
0.75 0.390 0.715 0.745 0.746 0.790 0.870
0.99 0.483 0.890 0.967 0.980 0.983 0.985
0.9999 0.486 0.893 0.970 0.992 0.976 0.980
Quarterly data
Mean (%)
0.75 2.495 2.788 2.852 2.852 0.983 1.104
0.99 2.495 3.211 4.929 6.571 4.473 4.559
0.9999 2.495 3.229 5.161 7.036 43.27 40.46
Std. dev. (%)
0.75 0.487 0.613 0.631 0.631 0.548 0.565
0.99 0.487 0.841 1.428 1.768 1.704 1.268
0.9999 0.487 0.851 1.492 1.902 2.045 1.507
First-order autocorrelation s, = log(S,)
0.75 0.235 0.422 0.438 0.438 0.656 0.370
0.99 0.235 0.593 0.771 0.790 0.954 0.933
0.9999 0.235 0.599 0.782 0.803 0.984 0.978

870



Expected Returns and Habit Persistence

Table 2
(continued)

Habit in the linear model is assumed to last for Modified
© 1 quarter 1 year 3 years 5 years CC model CC model
Annual data

Mean (%)
0.75 17.40 17.45 17.45 6.788 6.222
0.99 17.40 18.66 19.79 15.78 15.52
0.9999 17.40 18.77 20.11 NA NA
Std. dev. (%)
0.75 2.738 2.731 2.731 9.322 6.973
0.99 2.738 3.255 3.766 3.854 4.095
0.9999 2.738 3.340 3.976 NA NA
First-order autocorrelation s, = log(S,)
0.75 —0.035 0.003 0.003 0.085 0.224
0.99 —0.035 0.589 0.725 0.817 0.843
0.9999 —0.035 0.605 0.748 NA NA

The surplus consumption ratio is S, = 1 —(X,_;/C,), where X,_; is the level of habit and C, is per capita, seasonally adjusted
real consumption of nondurables plus services. The habit level X, in the linear habit model is a weighted average of past
consumption with weights declining at a monthly rate of ¢:

=" \ & o

1—gm s

where o = 0.98 for monthly and quarterly data and « = 0.84 for annual data. The integer m takes the value of 1, 4, and 12 for
monthly, quarterly, and annual data. The nonlinear models include the Campbell and Cochrane (1999) model, where consumption
growth is i.i.d., and the modified Campbell and Cochrane model, where consumption growth follows a homoscedastic AR(1)
process.

consumption growth is i.i.d., while in the linear model and modified CC
(1999) model, consumption growth follows an AR(1) process. The mean,
standard deviation, and autocorrelation of consumption growth reported in
Table 1 are assumed to be given. In this way, the sensitivity function for
each habit model is calculated from the history of consumption data only.

The sensitivity functions generally increase during recessions (the shaded
area), for example, 1973-1975, 1981-1982, 1990-1991, but decrease during
some of the expansions. Dramatic increases in the sensitivity functions are
observed during the Great Depression (1929-1933). CC (1999) acknowledge
that the worst performance of their nonlinear model in fitting the price:
dividend ratio occurs in the last few years, which is also evident in Figure 1,
where the sensitivity function from their model keeps rising during this most
recent cyclical expansion. In contrast, the linear model produces a consis-
tent and negative relation between the sensitivity and the stage of the busi-
ness cycle, including this period. This suggests that the poor performance
of the CC (1999) model in the 1990s is more likely due to the particular
specification of their model rather than to the consumption measurement
problems suggested by CC (1999).

In the rest of the analysis, the results from the CC (1999) model with
i.i.d. consumption growth and the modified model with an AR(1) process are
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Sensitivity of Surplus Consumption to Consumption
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Figure 1

The sensitivity of surplus consumption to consumption: quarterly data

The solid, short, and long dashed lines are the quarterly values of the sensitivity of surplus consumption
to consumption from the 5-year linear habit model, the nonlinear model of Campbell and Cochrane (1999),
and a modified model of Campbell and Cochrane (1999), respectively. The sensitivity from each model is
calculated from the history of consumption data only. In the nonlinear model of Campbell and Cochrane
(1999), consumption growth is i.i.d. In the 5-year linear habit model and the modified model of Campbell and
Cochrane (1999), consumption growth follows a homoscedastic AR(1) process. The persistence parameter is
¢ = 0.99. The shaded areas indicate recessions.

similar. Since the analysis of the modified model employs the same AR(1)
process for consumption growth as the linear model, I will only report the
results from the modified model and compare them with the results of esti-
mating the linear model.

3.2 Covariance of returns with consumption

The consumption-based model suggests that the expected excess return on
an asset is related to its conditional covariance with consumption. I begin
with an analysis of the time-series properties of the covariance to examine
whether the time-varying expected return is attributed to the covariance. It is
known that the covariance of the return on each asset with consumption
can be written as the consumption beta of the asset times the consump-
tion volatility. Alternatively, the covariance can be expressed as the volatility
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Figure 2

The sensitivity of surplus ¢ ption to cc ption: 1 data

The solid short, and long dashed lines are the annual values of the sensitivity of surplus consumption to
consumption from the 5-year linear habit model, the nonlinear model of Campbell and Cochrane (1999),
and a modified model of Campbell and Cochrane (1999), respectively. The sensitivity from each model is
calculated from the history of consumption data only. In the nonlinear model of Campbell and Cochrane
(1999), consumption growth is i.i.d. In the 5-year linear habit model and the modified model of Campbell and
Cochrane (1999), consumption growth follows a homoscedastic AR(1) process. The persistence parameter is
¢ = 0.99. The shaded areas indicate recessions.

of the return on the asset times the asset’s reverse consumption beta from
regressing consumption on the return.

I find no evidence that the covariance, the consumption volatility, the con-
sumption beta, or the reverse consumption beta for each asset is related
to the information variables at the 10% or higher significance levels (see
Appendix B for detail). This is largely consistent with the previous evidence
that the covariance of returns with consumption is too smooth to match the
time-varying expected returns [e.g., Ferson and Harvey (1993b)]. The results
suggest that one should focus on the time-varying price of risk as an expla-
nation of time-varying expected returns.

The Methodology and Empirical Results

In this section I use the consumption-based model with habit formation given
by Equation (9) to study the relation between expected returns and the surplus
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consumption ratio. Based on the preliminary results reported earlier, I make
the following assumption:

Assumption 1. The conditional covariance of returns with consumption
cov,_, (r;,c,) is positive and constant through time.

Under Assumption 1, an unrestricted version of the model in Equation (9)
is given by the following:

E lr—r; ==/} _ e, + B0, — N, (12)

where a; ,_; is the Jensen’s alpha for asset i and 8, = ycov, (r;,c) > 0
represents the constant regression beta on A,_,.

The term B;(A,_, — A) in Equation (12) represents the part of the expected
return on each asset that is explained by A,_, implied by each habit model.
The term «; ,_; captures the part of the expected return that is not explained
by A,_,. If the functional form of «; ,_, is assumed to be linear in a vector of
information variables, Z,_,, the resulting o, ,_, and the explanatory variable,
A,_;, measured from consumption data using one of the habit models, will
be correlated.® To let «; ,_, capture the unexplained part of the time-varying
expected return that is orthogonal to A,_;, I first regress Z,_; except the
constant on A,_; to obtain the residual vector Z7_|, and then assume «; ,_; is
linear in Z¢_;:

o, =0q taZ] . (13)

To gain some insight into the relation between the volatility and A,_;, I
assume that the return volatility is

ol =07 + dZ,_ +d ;0 — 1) (14)

In Equation (12), the (variance-adjusted) fofal expected return on asset i
isa; ,_; + B;(A,_; — A), with variance

var(a; ,_y + Bir,_y) = var(e; ,_y) + var(Bi,_,), (15)
because cov(a; ,_y, A1) = @;jcov(Z7_;, A,_,) = 0. This implies that the frac-
tion of the variation in [e; ,_; + B;(A,_; — A)] that is explained by A,_, is

VR var(Bi2, ) var(B;A,_) (16)

i var(e; ,_y) + var(B;A,_;) - var(a,Z!_,) + Var(,Bl-)\,,])'

This variance ratio is bounded between zero and one as a result of the orthog-
onal decomposition of the total expected returns. Using Equation (12) and

8 For long-horizon habit models, %,_, is found to be correlated with several information variables, including
YSP and DIV.
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the auxiliary assumptions in Equations (13) and (14), I estimate this variance
ratio VR; in Equation (16) by using the following disturbance terms:

Uiy =Ty — T + [6i2 +d,{Z?71 + dk()‘t—l - )_‘)]/2

— & +a/'Z)_ + By — W], (17)
Vi = uizt - 6i2 _di,Ztafl - di,x()‘t—l - )_L)’ (18)
Uiy = a;Z¢ + B.(h, — M (VR) — B7 (A, — 1) (19)

Here the first two disturbance terms have means of zero and are orthogonal to
Z? | and A,_,, while the last term has a mean of zero. The system is exactly
identified and is estimated by using the generalized method of moments
(GMM) of Hansen (1982). Since the last disturbance term is found to be
autocorrelated, I use the Newey and West (1987b) procedure to calculate the
weighting matrix for the GMM criterion function.

Table 3 reports the results of estimating the system with the monthly data
and Table 4 summaries the results obtained from the quarterly and annual
data. The column “MCC” refers to the nonlinear, modified CC (1999) model
where consumption growth follows an AR(1) process. The other columns
report the results of estimating the linear habit model, where habit is assumed
to last for 1 quarter, 1 year, 3 years, or 5 years. For each dataset, the results
of estimating B, and VR, in panel A of Tables 3 and 4 indicate that the
performance of the linear habit model for expected returns tends to improve
as the duration or persistence of habit formation increases. For 3- and 5-year
linear models and the nonlinear model with ¢ > 0.99, the point estimates
of B; for most portfolios assuming the monthly, quarterly, or annual decision
interval are positive and significant at the 5% or 10% level, which is consis-
tent with a positive relation between the expected returns and the sensitivity
function, A,_;, or an inverse relation between the expected returns and the
surplus consumption ratio.

A close examination reveals some difference in the explanatory power
of the habit models obtained from alternative datasets. Consider the 3- and
5-year linear habit models with ¢ > 0.99. For the monthly data, habit per-
sistence explains no more than 5% of time variation in expected returns on
stocks, but up to 20% of time variation in expected returns on bonds. While
the findings for bonds are similar using the monthly and the quarterly data,
the explanatory power of the habit models for each stock portfolio is substan-
tially higher using the quarterly and annual data. In particular, for each stock
portfolio, the variance ratio is less than 5% with the monthly data, but up to
23% with the quarterly data and 22% with the annual data. The results of
estimating the nonlinear model also show increases in the variance ratios for
each stock portfolio when the monthly data are replaced with the quarterly
or annual data. For example, for the stock portfolio VW, the variance ratio
from the quarterly data reaches 22% with a standard error of 12, whereas
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Expected Returns and Habit Persistence

the variance ratio from the monthly data is only 6.5% with a standard error
of 5.3. The variance ratios obtained from the annual data (for the S&P 500
index) are also higher than those from the monthly data (for the stock port-
folio VW). In particular, the variance ratio implied by the nonlinear model
with ¢ = 0.99 is 25%. However, the estimates with the annual data here are
not as precise as with the quarterly data. The similarity in the performance
based on the quarterly and annual data indicates that the results are robust to
time aggregation and seasonal adjustment procedure for consumption data.
The better performance of the habit models obtained from the quarterly and
annual data than the monthly data may be attributed to the difference in
the sample periods used in the analysis, as business-cycle effects are better
detected in longer sample periods.

The point estimates of d; , for the conditional variances of the monthly,
quarterly, and annual returns are given in the panel B of Tables 3 and 4. First
consider the 5-year linear model for the stock portfolios. With the persistence
level ¢ = 0.75, the point estimates are positive but only significant at the
5% or 10% level for the monthly data. When ¢ is increased to 0.99 and
higher, the point estimates of d, , are significantly negative for the equal-
weighted stock portfolio using the monthly data and the equal-weighted and
the value-weighted stock portfolios using the quarterly data, while the coef-
ficient d; , is imprecisely estimated in most cases using the annual data. The
point estimates for bond portfolios remain positive for all values of ¢ and in
some cases are significantly different from zero. Finally, the results for the
nonlinear model are qualitatively similar to the 5-year linear model, except
that the coefficient d; , is negative and significant at the 5% level even for
the value-weighted portfolio in the monthly data (¢ = 0.99) and the S&P
500 index in the annual data (¢ = 0.75).

The evidence on the negative relation between the conditional variance of
stock returns and the sensitivity function A,_; implies that the conditional
volatility of stock returns is positively related to the surplus consumption
ratio, in contradiction to the countercyclical volatility produced by CC (1999)
using simulated data. Since expected returns are inversely related to the sur-
plus consumption ratio, expected returns and volatility move with the surplus
consumption ratio in opposite directions. Thus the negative relation between
expected returns and the volatility in the stock market documented in the
literature [e.g., Campbell (1987), Glosten, Jagannathan, and Runkle (1993),
and Whitelaw (1994)] can be partly attributed to time-varying surplus con-
sumption. In the next section I show that this can be further explained by
time-varying reward:volatility ratios.

Figures 3 and 4 illustrate the results based on the quarterly data for the
stock portfolio VW and the bond portfolio CB, respectively. Figure 5 dis-
plays the results based on the annual data. The solid lines are the (variance-
adjusted) total expected returns, &; + a;/Z¢ | + B;(x,_; — A), implied by the
parameter estimates in Tables 3 and 4. For a given portfolio, these total
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Figure 3

The expected excess return on the value-weighted stock portfolio

The solid line is the total quarterly value of the (variance-adjusted) expected excess return on the value-
weighted stock portfolio VW. The short and long dashed lines are the components of the expected excess
returns that are explained by the 5-year habit model and the modified model of Campbell and Cochrane
(1999). In each model consumption growth follows a homoscedastic AR(1) process. The persistence parameter
is ¢ = 0.99. The shaded areas indicate recessions.

expected returns are virtually the same for all habit models because the
expected returns that are not related to the sensitivity functions A,_, are cap-
tured by the other information variables. The short-and long-dashed lines for
each portfolio are components of expected returns, &@; + ; (A,_; — A), that are
explained by the 5-year linear model and the nonlinear model, respectively.
Overall the linear and nonlinear models produce remarkably similar coun-
tercyclical patterns in expected returns except for the last few years of the
sample. Consistent with the results about the sensitivity functions reported
in Figure 1, Figures 3 and 4 show that the 5-year linear model produces a
better fit of the countercyclical pattern in expected returns than the nonlinear
model of CC (1999) in the 1990s. However, a large part of the predictable
variation in expected returns remains unexplained by the habit models. For
example, during the early 1980s, extreme movements in the total expected
return for the stock portfolio VW are observed, mostly due to the highly
volatile short-term interest rate variables TB1 and XB3 in this period. These
extreme movements are not fully explained by the habit models.
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Figure 4

The expected excess return on the corporate bond portfolio

The solid line is the quarterly value of the (variance-adjusted) total expected excess return on the bond
portfolio CB. The short and long dashed lines are the components of the expected excess returns that are
explained by the 5-year habit model and the modified model of Campbell and Cochrane (1999). In each
model consumption growth follows a homoscedastic AR(1) process. The persistence parameter is ¢ = 0.99.
The shaded areas indicate recessions.

Robustness

5.1 Reward:volatility ratios and the surplus consumption ratio

The empirical analysis of the relation between expected returns and the sur-
plus consumption ratio has been based on the hypothesis that the condi-
tional covariance of returns with consumption is constant. While the results
in Section 3.2 are largely consistent with this hypothesis, the failure to reject
this hypothesis may be attributed to the lack of power or specification errors.
Therefore it is important to examine the relation between expected returns
and the surplus consumption ratio under an alternative specification. In this
section, I replace Assumption 1 with the following assumption:

Assumption 2. The reverse consumption beta is positive and constant
through time, B} ,_, = B;.

Assumption 2 is consistent with the preliminary results reported earlier on
the reverse consumption beta and allows the conditional covariance of returns
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Figure 5

The expected excess return on the S&P 500 index

The solid line is the annual value of the (variance-adjusted) total expected excess return on the S&P 500 index.
The short and long dashed lines are the components of the expected excess returns that are explained by the
5-year habit model and the modified model of Campbell and Cochrane (1999). In each model consumption
growth follows a homoscedastic AR(1) process. The persistence parameter is ¢ = 0.99. The shaded areas
indicate recessions.

with consumption to vary with the return volatility. Under this assumption,
the covariance-based asset pricing model given by Equation (9) is trans-
formed into the following:

E _lr,]- i1 = —(1/2)0‘&_1 +y(d+ )‘r—l)]ﬂzrai%t—l' (20)

Here the reverse consumption beta, 7, and return volatility, o?,_,, are asset
specific, but the sensitivity function, A,_;, is common for all assets. In this
way, time variation in expected excess returns is attributable to time-varying
volatility of returns and the time-varying sensitivity function. But the time
variation in the ratio of the expected excess return on each asset to its condi-
tional variance, or the reward:volatility ratio for each asset depends only on
the time-varying sensitivity function.

I construct tests to assess the portion of time variation in the reward:
volatility ratio that is explained by the sensitivity function A,_,. For this
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purpose, consider an unrestricted version of the model in Equation (20) given
by the following:
2 2
E i [rd—rp=—-1/20,+ T, 107, 2D

Here I'; ,_, is the unrestricted reward-to-volatility ratio for asset i. Equa-
tion (20) implies

1-‘i,t—l = )/(1 + )‘zfl),B,‘r- (22)

Consider a hypothetical time-series regression for each asset:

Fz}t—l = F"' ﬁi ()“tfl - )_‘) + Eir-1- (23)
Here B; = yB/ > 0 is a constant. ' > 0 and A > 0 are unconditional
means of I'; ,_; and A, ,, respectively. The error term ¢; , ; represents the
component of I'; ,_; that is unexplained by the habit model. The coefficient
of determination, R?, for the regression is
2.2
VR, = Pi% (24)
o
r

The variance ratio VR; here measures the fraction of time variation in the
reward:volatility ratio, I'; ,_;, that is explained by A,_,.

LetT,, , =¢/Z,_,and 0}, | =d/Z, |, where Z is a vector of information
variables, including a constant. I define the following disturbance terms to
estimate the coefficient B; and the variance ratio VR;:

Uy =1y =1y + @Z,))2 = (G2, DEZ, ), (25)
v, =ul —dZ,_,, (26)

Ui = (Z, — 3) — Bk, = MIO, — ), (27)

Ui = (§Z, — G)*(VR)) — BF (1, — W) (28)

The first two disturbance terms are orthogonal to the vector Z and are used to
identify d and ¢q. The last two disturbance terms follow from the definitions
of B, and VR, given by Equations (23) and (24), respectively. Here g; is
the unconditional mean of ¢;Z,_,. Since all information variables except the
constant are mean adjusted, g; should be the first element of ¢; and positive.
By estimating the exactly identified system given by Equations (25)-(28)
jointly using the GMM of Hansen (1982), I obtain consistent estimates of
the standard errors of 8, and more importantly, VR,.

Table 5 reports the results of estimating the system with the monthly data
while Table 6 summarizes the results from the quarterly and annual data.
The estimated coefficients for the reward:volatility ratios associated with the
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estimation of the 5-year habit model with ¢ = 0.99 are displayed in panel A
of Tables 5 and 6. These coefficients and the standard errors are insensitive to
the choice of the habit models. The chi-squared statistics based on the Wald
test [see Newey and West (1987a)] with five degrees of freedom are for
testing that the coefficients for a given portfolio on all information variables
except the constant are zero. At the 5% significance level, the results suggest
that the average reward:volatility ratio, g;, for each stock portfolio is positive
and the reward:volatility ratio for each portfolio varies with the information
variables.

When the relation between the expected return on the stock market and
the volatility of returns is assumed to be fixed, Campbell (1987), Glosten,
Jagannathan, and Runkle (1993), and Whitelaw (1994) have found this fixed
coefficient to be negative or insignificant. Since the true reward:volatility
ratio is time varying, the estimated relations in these earlier studies could
be biased due to a missing-variables problem. A similar point is made by
Scruggs (1998), who studies the relation between the expected return and
volatility of the market using a two-factor approach, similar to Li (1998a).

The estimated coefficients 8, and VR, are given in panel B of Tables 5
and 6. Similar to the results for the expected returns reported in Tables 3
and 4, the performance of the habit models improves with the duration and
the persistence level of habit. Consider the results for the 5-year model with
¢ = 0.99. The estimates of B, from each dataset are positive and sig-
nificant at the 5% or the 10% level, consistent with the positive relation
between the reward:volatility ratio and the sensitivity function, or the inverse
relation between the reward-to-volatility ratio and the surplus consumption
ratio. Together with the evidence on the negative relation between expected
returns and the surplus consumption ratio and the positive relation between
the volatility of returns and the surplus consumption ratio for each stock
portfolio, the finding here is consistent with the result in Li (1998b) that
changing reward to volatility explains more predictable variation in expected
returns than the volatility of returns. Decreases in expected returns associated
with increases in the volatility of returns near the peaks of the business cycle
can be explained by the behavior of risk-averse investors who require less
reward to volatility as a result of decreasing risk aversion at these times.

Finally, consider the variance ratios in Tables 5 and 6. While the variance
ratios for the bond portfolios are higher than those for the stock portfolios,
these ratios are less than 20% for all portfolios based on the linear habit
models. The results for the nonlinear model are similar to those for the
5-year linear model, especially when the persistence parameter is ¢ = 0.99.
Thus a large portion of time variation in the reward:volatility ratios, like in
expected returns, is unexplained by the habit models.
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5.2 Expected Returns with Simple Compounding

Since the analysis in the earlier sections is based on returns with contin-
uous compounding, expected returns were analyzed along with the condi-
tional variance of returns. When returns with continuous compounding in
Equations (17)—(19) are replaced with returns with simple compounding,
expected returns can be estimated by omitting the variance term in Equa-
tion (17). Consider the disturbance terms:

u, =Ry — Rf.t—l —la; +a/27 | + Bi(r_y — i)]s (29)
Uy = a;Z] + B0 — WP (VR)) = BF(h, — 1)°. (30)

Here each disturbance term has a mean of zero and the first term is orthogonal
to Z7_, and A,_,.

The results of estimating the system using the monthly, quarterly, and
annual data for the case of ¢ = 0.99 are reported in Table 7. The estimated f;
and VR, are qualitatively similar to the corresponding results in Tables 3
and 4. For other choices of the parameter ¢, the estimation results are also not
affected by using returns with simple compounding and omitting the variance
term in Equation (17). Thus neither the relation between expected returns
and the surplus consumption ratio nor the performance of the habit models
is affected by the introduction of the variance of returns in the analysis of
expected returns, as in the earlier sections.

It has been argued that when the autocorrelation of S, is high, the sensitiv-
ity of surplus consumption to consumption, %,_,, should be inversely related
to S,_, [see Equation (11)]. This suggests that for habit models with high
levels of habit persistence, I can use 1/§,_, or its monotonic transformation,
s,_y, to replace A,_; and estimate the relation between expected returns and
s,_, directly. The results of estimating the relation using Equations (29) and
(30) are reported in Table 8, where A,_, is replaced with s,_,. The persistence
parameter is fixed at ¢ = 0.99. For all durations of habit, the estimated values
of the coefficient §; are negative, consistent with the implication of the habit
models that a low surplus consumption ratio should forecast high expected
returns. For the monthly data, the precision of the estimated §; here is lower
than that in Table 7 for stock portfolios, whereas for the quarterly and annual
data, the significance of §; for each portfolio remains largely unchanged.

When the estimated variance ratios reported in Table 8 are compared with
those in Table 7, I find that the explanatory power of the habit models does
not change in any substantial way. The variance ratios estimated from the
quarterly and annual data are larger than those from the monthly data, like the
results in Table 7. For instance, the variance ratios estimated from the 5-year
linear model using monthly and quarterly returns on the value-weighted stock
portfolio VW are 2.3% and 14.4%, respectively. In annual data, the variance
ratio for the S&P 500 index is 27.2%. Once again, the performance of the
nonlinear model of CC (1999) is similar to that of the 5-year linear model.

887



The Review of Financial Studies /v 14 n 3 2001

(¥10°0) (610°0) (610°0) (910°0) (010°0) (800°0) «(S80°0) «(580°0) «($80°0) «(ST1°0)
Lv10°0 L1200 L1200 IL10°0 86000 29100 LIST'0 9I81°0 6L91°0 162C°0 (9]
(110°0) (¥10°0) (S10°0) (T10°0) (900°0) (010°0) «(S01°0) (S01°0) (zor'0) (9S1°0)
88000 1€10°0 [4 (01} 26000 §€00°0 ¥S10°0 6€L1°0 LELT'O 80S1°0 0891°0 a0
(S00°0) (L00°0) (L00"0) (900°0) (€00°0) (900°0) (950°0) (950°0) (LS0°0) (L80°0)
€200°0 ¥S00°0 ¥500°0 1¥00°0 8100°0 0900°0 LL80'0 LL800 06L0°0 0¥60°0— md
(¥00°0) (L00°0) (L00°0) (900°0) (200°0) (L00°0) (190°0) (190°0) (290°0) (680°0)
¥200°0 LS00°0 LS00°0 S¥00°0 8000°0 0L00°0 68600 8860°0 9160°0 9690'0—  MA SLO
("4A) ¥ pue g oy synsar uonewnsy g [dued
DDOIN sIeak ¢ sIeak ¢ Ieok | syjuowr ¢ DOIN sIeak ¢ sIeak ¢ Ieok | 101enb | 19SSy b
N ¥ 'd
[ooo0-0] (902°0) 800 (5281 (sern (029’1 (Iv1'o
91§°0¢ LT6S°T 8L96°0— 868I°L jX44! =988V v — S116°0 a0
[0000°01 (S0T0) (LETD) «(8YT°0) sz «(€0¥'T) (9062
6£0°cy 11v0'C e 0— 166v°6 82590 0€8Cv— 80¢8°L q0
[0000°0] w(TTP'T) «(0L9°T) (¥00'D) «(T60°T) «(969°0) «(6€6°0)
SL6'0TT €8CE9— ¥$19°9 0080°0 186£°€ 6979°C Y658V MH
[0000°0] «(LLY'T) «(S98°T) Sz w(PET'T) (7180 «(EST°T)
97586 OLLY'L— 819T°'L 00— £ECEY VL1 LSY6'Y MA
66°0 = & Yim [opoul 11qey Tedk-¢ o) wolj ‘b ‘KINE[OA 0) PIEMAI 10J SALWNSI JUAIOYJA0)) Y [dUB]
(§) X 1doorauruoN a5 Ald dSA £4X MAX jueisuo) jossy

SO[qELIEA UONEULIOJU]

T1:S661-1:4961 ®1ep A[yuowr :uondumnsuod 03 uondwnsuod snpdans Jo AJADISUIS IY) PuUL SONBI AJ[IJB[OA:PIBMII ) UIIMII(Q UONR[II ) JO UONBWSH

S 9qEL

888



Expected Returns and Habit Persistence

payipow ay) 10 “(8¢°() = ») [opow Jiqey Jeaur] oy woiy uondwnsuod oy uondwnsuod snidins Jo AyANISUSS [RUONIPUOD (pajsnipe-urawr) oYy sI (Y — Y)Y '1 19
! iy .
(parsnfpe-uvow) oy st (‘b — z1b) z'b "1 1058 UO WIMAI $590X0 AY) JO AIULLIEA [EUODIPUOD dY) ST Z,'p "1 10sse U0 Surpunodwiod sNONUNUOD (Iim WINAX $sa0Xa ) sjuasardar /4 —

*010z a1e 1dooroyut ay 3dooxd b Jo SJULIOYI0 [[B TRy 1S3} PIEA Y3 10F ST (S19yorIq Ul anfea-d M) dnsHels (§) X

1
=iy
=iy

0} [euoSoylQO

“AoAnoadsar ‘g5 pue 96 18 JuedYIUSIS ST JUAIOYJ0D dY) JBY) dJedIpul

* ok

“sosayjuated ur a1e $10110 pIepuel§ Y U0 Z'h SuissoiSor woy uoneuruIap Jo
JUBIOYFO0D PUE JUAIDLJ0d adofs oy d1e ("YA) (¥ Pue ‘g "ss001d (1) V NSEPIdSOWOY & MO[[0F 0} PAUWINSSE ST [3M013 uondumsuod [ppour yoea uf “(6661) Queyoo) pue [[aqdure) jo pow

(Y =04 — (A (b —'Zb) ="'
(="l ="' — (b= 'ziB)] = "n
1=lzip — _mv_z =

("zip('zB) — /(O Tizlp) + V= =t

1oy 90UBqINISI(

10J ORI AJ[IIBJOA:PIEMAT

L

:Aputof parewnsa st wAsAs Julmoq[og Ay,

LyLen)
0€20°0
(€9¢°L1)
£2€0°0
(098°8)
0000°0
(+08°8)
00000
«(160°0)
ISI1T°0
«(L90°0)
LI¥T0
(210°0)
7500°0
(110°0)
r00°0

«(L90°0)
08LT°0
«(810°0)
0610

(910°0)
68100
L10°0)
8910°0
«(§90°0)
€L9T°0
w(L¥0°0)
0081°0
910°0)
$810°0
(L10°0)
79100

w(L10°0)
1+60°0
+(8€0°0)
LE60°0
(€10°0)
9%10°0
(€10°0)
$210°0
+(910°0)
9680°0
«(LEO0)
9880°0
(€10°0)
LY10°0
(€10°0)
¥210°0

910°0)
96100
(€10°0)
20100
(600°0)
9010°0
(800°0)
66000
910°0)
LS10°0
(€10°0)
2010°0
(600°0)
$010°0
(800°0)
86000

(110°0)
11100
(L00°0)
8€00°0
(€00°0)
9100°0
(200°0)
L0000
(110°0)
0110°0
(L00°0)
8€00°0
(€00°0)
L100°0
(200°0)
L0000

(€L°SD)
LLY'€T
«(§5°00)
STrve
F6°TD)
081+’ 1—
61%1)
8C10°0—
«(660°0)
L6YE0
A K0)]
995+°0
(650°0)
7€50°0
(690°0)
7TS0°0

«(8€1°0)
[8250)
«(091°0)
1€69°0
«(€L0°0)
$0L1°0
«(160°0)
65L1°0
w(621°0)
196%°0
w(6171°0)
11€9°0
«+(890°0)
0651°0
«(80°0)
LEIT'0

«(#50°0)
8860°0
(990°0)
7860°0
«+(F€0°0)
98L0°0
«+(8€0°0)
$€80°0
(850°0)
S001°0
(L90°0)
$660°0
«($€0°0)
€6L0°0
«(6£0°0)
£780°0

«601°0)
L10T0
(9€1°0)
12540
(LLO0)
€5L0°0—
(6L0°0)
92S0°0—
+(601°0)
920T°0
(LET°0)
9710
(LLO0)
09L0°0—
(6L0°0)
7€50°0—

a0

a0

MH

MA

a0

a0

MA

MA

66660

660

889



The Review of Financial Studies /v 14 n 3 2001

(€10°0) (600°0) (600°0) (800°0) (600°0) (800°0) (190°0) (190°0) (190°0) «(811°0)
cIoo 900°0 ¥900°0 $S00°0 06000 LT10°0 8780°0 8780°0 8L0°0 9961°0 a0
(110°0) (800°0) (800°0) (L00°0) (800°0) (110°0) (180°0) (180°0) (080°0) (6¥1°0)
¥¥00°0 8€00°0 8€00°0 62000 $00°0 8L00°0 L¥90°0 L¥90°0 €LS0°0 [43280 a0
(2000 (L00°0) (L00°0) (900°0) «(610°0) (€00°0) «(920°0) «(920°0) «(ST0°0) (8%0°0)
0000 0010°0 0010°0 1800°0 L000°0 S100°0— 9690°0 9690°0 2090°0 6£€0°0 md
(¥00°0) (L00°0) (L00°0) (900°0) (210°0) (¥00°0) «(€0°0) «(€0°0) «(€0°0) (€90°0)
€100°0 1L00°0 1L00°0 LS00°0 2000°0 £€00°0— 6890°0 6890°0 8790°0 0S20°0 MA SL'O
'IEp A[Io1ENd)
("9A) ¥ pue ‘g 0] synsa1 uonewnsy g [dued
DOIN sieak ¢ s1eak ¢ ek | 10)enb | DO sIedk G sIedk ¢ Ieak | 19)1enb | FENN b
(A ¥ 'd
«(165°0) «(20L°0)
evIST] £886°1 00S d®S
BIEp [enuUUY
[0000°0] (oLe'D (19z'm) «(PE0°T) «(€L8°0) «(SST'T) (S81°7)
€10°6€ 9vL6'0 r0L0 18¥8°¢S L1y8'1 86LEV— £081°0 aD
[0000°0] (z8€'1) (951 «(S6T°1) «(0€8°0) w(EEET) (zovr'e)
evice 1L20°0 €91L°0 STIe9 8€69°C SOty e— 0€6S°C a0
[0000°0] «(€16°0) «(7€6°0) «+(681°0) «(T05°0) «(9€9°0) w(11L°0)
(48 5%4 c80°e— 8560 SYOE'T 811 L6TS'T £689°¢ MH
[0000°0] (TS0 D) «(SE0'T) «(129°0) «(#09°0) «(078°0) «(€16°0)
Sv'S9 8SLTY— 8¢96't 8TLS'T SIes'T 99891 198¢ ¥ MA
BIRp A[Iouend)
660 = & UM [opowr J1qey Jeak-g oY) wolj ‘b ‘A)[Ie[oA 0) PIEMAI 0] SAIBWINSI JUIIOYJI0D) Y [oued
(S) X 1dodrayuruoN 1L Al dSA £dX MAX jue)suod) 1ossY

SOqeIIEA UOTIRULIOJU]

S661-H681 ©Iep [enuue pue
TI:S661-1:7S61 erep Apad3renb :uondumnsuod 03 uondwnsuod snidins Jo AJANISUIS Y} PUE SONEI AJHE[0A: PIBMIL AY) URMIIQ UOHE[DI 3Y) JO UonRWNSY

9 dIqEL

890



Expected Returns and Habit Persistence

*010z are 1dodsaur Ay 1dedXa b Jo SIULIOYJR0D [[E JeY) 189} P[EAL dU) 0F ST (s10xdrIq Ul dnjea-d im) dnsnes ((S) X
“KeAnoadsar ‘g5 pue 96 18 UedYIUSIS SI JUAIOYJI0D dY) JBY) AJBDIPUL ,
“sasayjuared Ul oIe SI0119 pIEpUL)S Y U0 Z'h SuIssoISol WOl UONBUILLIOP JO JUAIDYJA0D PUE JUSIdYJR0d odofs oY) are ("IA) ;¥ pue ‘g “ssao0id
(1)¥V Onsepadsowoy e mo[[oj 03 pawnsse s yimois uondwnsuod [apour yoes uj (6661 DDIN) ueiyoo) pue [jpqdure) Jo [opowr payrpour 9y} 10 ‘(ejep [enuue I0j $8°() = O pue ejep
Kpaaenb 10y 8670 = ) [opouwt Jiqey Ieaur] oy woly uondwnsuod 0y uondumnsuod snjdins Jo AIANISUSS [RUONIPUOD (Palsnipe-ueaur) oY) ST (Y — Y)Y “1 19SSe 10J onel KJ[IR[OA-0)-PIEMAT

q I} 1 p - Q] Q. Q 1y Qq| Qq: - 1
(pasnfpe-uvowr) oy st (‘b — z'b) z!b *119sSe UO WIMAI $S30XO AY) JO DUBLIEA [EUODIPUOD ) ST Z'p *1 19sst uo Surpunodwod snonunuod (M winar ssdoxa oy syuasarder /o —

I
1
1-iy
1=y

0) [euOSOyHQO

(C="04d — (AN (b - 'zib) = ""n
(¢="Olx—"0'd — (b —"z/b)] = ""'n

("Tzip( 'z — /(i + 1 = =

1

noo_
p—in=

W13 90UBqIMISI]

:Aputof parewnsa st wAsAs Julmoq[og Y,

VN

VN
(S¥0°0)
6050°0
(820°0)
0v€0°0

(090°0)
LL900
(6¥0°0)
£620°0
«(2S0°0)
€L01°0
«(LS0°0)
SLET'0
w(170°0)
9011°0

«(170°0)
SSY1°0
(2€0°0)
(45200
(820°0)
LEO0

«(520°0)
LSLOO
«(0€0°0)
§780°0
«(920°0)
09¥0°0

«+(2€0°0)
9€01°0
w+(£€0°0)
SLITO

(L20°0)
£7€0°0
(¥20°0)
¥LT0°0
w(1€0°0)
8€60°0

«+(€£€0°0)
£501°0
(20°0)
LT€00
(2200
9620°0

«+(9€0°0)
98L0°0
«+(9€0°0)
8LLOO
«(920°0)
09¥0°0

«(T20°0)
8€0°0
«(§20°0)
#9¥0°0
(910°0)
9020°0
(S10°0)
17100
«(120°0)
#0v0°0

«(§20°0)
LTv0'0
(910°0)
01200
(S10°0)
S¥10°0

«(920°0)
9900
+(920°0)
99%0°0
«(920°0)
99%0°0

(S00°0)
610070
(S00°0)
21000
«(010°0)

SS10°0

(600°0)
06000
(800°0)
S¥00°0
«(610°0)
L000°0
(z10°0)
00070
(600°0)
0600°0

(800°0)
$Y00°0
(6100
L000°0
(T10°0)
20000

VN «(0T1°0)
VN 801€°0
+(890°0) «(191°0)
65€1°0 48840
«(€10°0) «(808°1)
LETO0 9L0v—

Nuw.@ ~N==G<
w(L78°8) «(860°0)
6VS8T—  LT90
@UID  .(8€1°0)
80v'CI— 800S0
w(EV9Y) «(650°0)
10871 6891°0
«(€€6°C) «+(080°0)
$96°0C L881°0
+(290°0) +(160°0)

08¥C°0 YEIT0
«(180°0) +(621°0)
16820 (38 440]
«(T€0°0) «(#50°0)
65600 L¥ST°0
w(170°0) w(7L0°0)
1170 SILTO

£€280°0

w(LTET)
66—

w(LTET)
W66'T—

w(LTETD)
66—

(9€0°0)
L8200
(L¥0°0)
62200
«(810°0)
L6S0°0
«(€£20°0)
§S90°0
(L€00)
86200

(8%0°0)
LETO0
«(810°0)
0090°0
«(€20°0)
LS90°0

L8110
9961°0
(6%1°0)
[4821)
(8%0°0)
6£€0°0
(€90°0)
05200
«(811°0)
9961°0

(6¥1°0)
[45480)
(8%0°0)
6£€0°0
(€90°0)
0520°0

00S d%®S

(9]

a0

MH

MA

a0

a0

MA

MA

66660
660

SL'O

66660

660

891



The Review of Financial Studies /v 14 n 3 2001

*(4,01) Jurysuod v £q pardnnu are eyep Apowenb pue Ajiuow 9y woy ‘g 10J SIOLD PIEPUEIS PUE SIUAIOYIR0D) “K[PANIIASAI ‘95(] PUE %G 18 JUBIYIUSIS SI JUSIOYJI00 Ay} Jey) ABIIPUL .y
‘sasayjuared ur are siowd prepuels y Aq pauredxa st jey) 1 josse

UOo W1 pa3oadxa oY) Jo AOUBLIEA ) JO UONIRIJ A ST YA "Y 01 [BUOSOYMO Ik Jey) ‘JULISUOD B SUIPN[OX ‘SI[qRLIEA UONBULIOJUI JO I0J0A ) ST ,7 '$59001d (1)YV dNSLPIdSOWOY B MO[[O]
01 pawnsse st moIS uondwnsuod [Ppowr yora uy "(6661) 2ULIYI0) pue [[pqduwe) jo [opow payipour Ay 10 ‘(vIep [Enuue I0J $8°0) = © pue eep A[auenb pue A[yuow 10§ g6°() = ©) [opowr
31qey Teaur] oy woiy uondwnsuod oy uondwnsuod snidins Jo ANADISUSS [eUONIPUOD (PAIsn(pe-urawr) ayy st (Y — Y)Y °7 19sse uo Surpunodwod aidwrs WIm IR $s30%0 Y spuasaxdax Fy — 'y

1 =104 — (A (¢ = "0'd + jz,'p) = "n
hpue 1z (=10 + 17z, 'p+ 'o] = 1y — My = n
0} [euoSoylO TWII3) QOUBQIMISI(]

:Kpurof pajewnso st wWA)sAs Suimoq[oy Ay,

(€92°0) (9L1°0) (L0T°0) (¥12°0) (L00°0) «(C10°0) (9€0°0) (€61°0)
0LETO S6TT0 0611°0 $860°0 Y1100 86700 °5€0°0 68ST1°0— 00S d%®S
'IRp [ENUUY
H(EV1°0) Iv1°0) (L80°0) (€10°0) (190°0) «(€96'T7) w(SLY'S) (Lov'e) (yeLo (voon)
°269T°0 8161°0 £€590°0 S100°0 06200 91ST6 [4184! 01ST'S 0T19°0— 7€89°6 a0
«(C11°0) «(L01°0) (0L0°0) (120°0) (9€0°0) (00870 «(CTLEY) «+(S8L°T) (2590 (Tre6)
89CT°0 $081°0 €L90°0 8%00°0 8C10°0 6888°8 SEST1 979§ 8SLI'T— V189 a0
(601°0) «(L60°0) (121°0) «L21°0) 611°0) (0EL’S) w(0L1°6) w(1€8°9) w(0€6'1) (19°6)
€LET'0 P€81°0 SIYT0 STITO °0LT0 SLY'T1 L68°9C 90¥°0¢ 1ee8 vl «SST'8Y mH
(sT10) (680°0) (€11°0) (811°0) (€01°0) w(LVTP) «(1€6'9) «(29€°6) «(CT19°¢) «(0L°€ET)
19€T°0 L81T1°0 06€1°0 §791°0 [SyaN1] 661°¢l EO'LT L9611 90C°01 88¢€°CE MA
eIep A[Iouend)
«(PS1°0) (S€1°0) r11°0) (650°0) 811°0) w(TVTT) (9800 (T6ET) (6,21 «(L16°€)
§66T°0 1681°0 8811°0 [4330X0) 7691°0 6856°¢ €9S1°S Y90L'C 80¢'1 £798'8 a0
wF11°0) (801°0) (680°0) (1%0°0) (280°0) «(060°T) w«(#06'T) «(€9T°1) 1oz 1) w(TSTE)
1S€T°0 ¥991°0 1860°0 9020°0 €€01°0 STILE 90¢€T1°S 1019°C YLOT'T 081t'L a0
(T€0'0) (€0°0) (€¥0°0) 910°0) (¥10°0) «(€56'1) «(590°¢) w(611°7) ATWT0) P1¥°L)
69200 0¥€0°0 96%0°0 0S+0°0 92000 PICT'E 99ILS Y19y 6¥8¢Y PEY8'T MH
(zS0°0) (z€00) (LEO'0) (S€0°0) (S10°0) w(6LY'T) (1ze0) «(STSD) (019’1 (€81°9)
€€90°0 ¥¥20°0 62€0°0 9520°0 9€00°0 €EEY'E 9T8Y'€ 1L89°C LOLE'T 8¥0¥'C MA
'IRp A[IUOIN
DOIN s1eak ¢ sieak ¢ Ieak | 19)renb | DOIN sIeak ¢ sIedk ¢ Ieok | 10)enb | FENN 4
A 'd

S661—+681 EIEP [ENUUE PUE ‘biS66I-T:TS61 erep Alayrenb 71566114961 BIep A[ypuow :66°) = ¢
ased ay) 10y uondumsuod 03 uonduwmsuod snpdians Jo £)Anisuds 3y pue Suipunoduwrod Jdurs PIM SWINJAI PIOIAXd UIAMII( UONBAI Y} JO UOHRWNSH
L d19&L

892



Expected Returns and Habit Persistence

*s Kq paurerdxa ST Jey) 7 19SSE UO WINJAI PAJOAXS Y JO DUBLIEA 3Y) JO UONORIJ Y} ST YA °S 0) [RUOSOYMIO JIe JeY) ‘JUBISUOD B SUIPN[OXS ‘SI[QELIEA UOTJBULIOJUI JO I0JOIA Y} ST ,Z

‘A1oAn0adsar ‘g5 pue 96 e JuedYIUSIS ST JUAIOYJI0D AY) Jey) ABIIPUT .\
‘sasayjuared ur are SIOLID pIepue)s
s9001d

(1)JV ONSepadSowoy & MO[[0J 0] pawnsse ST 1moId uondumnsuod [apow yoea uy “(6661) 2UeIyoo) pue [j2aqdue)) jo [apouwl payIpow 2y} 10 ‘(BIep [enuue 10y £8°() = © pue elep K[auenb pue
A[iuow 10J 86°0 = ©) [9powW JIqey Teaur] oY) woyj oner uonduwnsuod snidins Sof (paysnfpe-ueaw) oy St (s — ) *7 19sse uo Surpunodwos Sdwrs YIIM UINAI 530X Ay syuasardar /y — 'y

s pue 1z

0) [eUO30YMQO

(5= = (RN [(s = 9)'d + 7,1 = ""in
[(s= 179 + 1z, o+ '] — 17y — My = "
TII9) 20UBqIMSIq

:Aputof parewnsa st wAsAs Juimoq[og Y,

(LT 0) (¥02°0) (802°0) (zczeo) (8¥0°0) w(LY0°0) (890°0) (LET"0)

296T°0 LILTO 10€2°0 ¥6L0°0 8980°0— 901°0— wilro— 680°0— 00S d%®S
BIEp [enuUUY

L(671°0) (SE1°0) (LOT1°0) (150°0) (S¥0°0) «(600°0) «(010°0) «(800°0) (600°0) (S10°0)

€Yy o Pr61°0 991T1°0 LST0°0 LY10°0 ¥920°0— 0920°0— 0810°0— £600°0— 9600°0— D

+(601°0) L(€01°0) (80°0) (€€0°0) (€20°0) «(800°0) «(800°0) «(L00°0) (800°0) (¥10°0)

9200 LE8I0 SYI1°0 6C10°0 05000 °sT0'0— L920°0— 6810°0— 6900°0— 6500°0— a0

(980°0) @110 {621°0) (Is10) L11ro) «(¥10°0) «(610°0) «(610°0) «(TT0°0) «(920°0)

cIcro YL9T°0 £8¢C°0 66CC°0 LT8T°0 £6¢0°0— 69%0°0— £0S0°0— L950°0— £0L0°0— MH

+(860°0) (901°0) (zero) 9%1°0) (€01°0) «(110°0) «(P10°0) «(€10°0) «(910°0) «(810°0)

9081°0 (42480 PSLT'0 8I81°0 S9e10 LY€0'0— £9€0°0— Sre0'0— §6£0°0— €LY0'0— MA
ejep Aopend)

(F11°0) (0€1°0) (811°0) (6L0°0) (860°0) «(200°0) «(#00°0) «(#00°0) (¥00°0) «(900°0)

6¢v1°0 OILT"0 0sCI°0 1750°0 0911°0 £600°0— 1600°0— 1L00°0— 6500°0— 0r10°0— a0

(80°0) (€01°0) (260°0) (LS0°0) (¥L0°0) «+(200°0) «(€00°0) «(€00°0) (¥00°0) «(900°0)

09¢1°0 €CS1°0 SS01°0 86€0°0 880°0 £600°0— 1600°0— 6900°0— 1S00°0— 6C10°0— a0

(¥20°0) (¥€0°0) (010°0) (9€0°0) (€00°0) (€00°0) (900°0) +(900°0) (800°0) (€10°0)

7810°0 8200 26£0°0 £€2C0°0 1000°0 0€00°0— 9600°0— S010°0— 2010°0— €100°0— MHA

(620°0) (€€0°0) (8€0°0) (820°0) (100°0) (€00°0) (¥00°0) (¥00°0) (900°0) (600°0)

0€20°0 0€20°0 0€0°0 6C10°0 00000 0¥700°0— £€900°0— 9900°0— 500°0— ¥000°0— MA
Byep A[YIUOIN

DOIN sIeak G s1eak ¢ eak | 19yenb | DOIN s1eak ¢ sIeak ¢ eok | 19uenb | JENN v
A K

S661—H681 EIEP [ENUUE PUE p:G66T-T:CS6T eep A[1ajrenb TL:g66T-1:4961

Bjep A[Qpuout :66°0 = ¢ ased 3y Joy opgex uondwnsuod snidins Sof ayy pue Surpunoduwrod ddwirs YPIM SWINJAI PIJIIAXI UIRAMIIQ UOHB[AI AY) JO UOHEWNSH

8 dqeL

893



The Review of Financial Studies /v 14 n 3 2001

For instance, the variance ratios for the portfolio VW or the S&P 500 index
from the nonlinear model are 2.3% using the monthly data, 18.1% using the
quarterly data, and 29.6% using the annual data.

5.3 Changes in regimes

Ferson and Merrick (1987) report evidence on instability in relations between
asset returns and consumption in the post-October 1979 period with a change
in targets employed by the Federal Reserve in the implementation of mone-
tary policy. Evans and Lewis (1994, 1995) show that discrete process shifts
associated with changes in regimes induce the “peso problem,” namely, cor-
relations between forecast errors and conditioning information in studying
the behavior of interest rates. For the models considered here, instability in
the relations between expected returns, the reward:volatility ratios, and the
sensitivity functions may weaken the explanatory power of the habit mod-
els. As an experiment, I include D, and (D)(TB1) as additional informa-
tion variables, where D is the dummy variable indicating the post-October
1979 regime. When the systems in Tables 3-8 are estimated in this way, I
find that the explanatory power of the habit models does not change in any
substantial way.

. Conclusions

This article uses the consumption-based asset pricing model with habit for-
mation to study the time variation in expected returns on stocks and bonds.
I find that habit models generally imply an inverse relation between expected
returns and surplus consumption. I empirically examine the statistical signifi-
cance of the relation for the linear habit model with alternative levels of habit
persistence and different durations of habit, and the nonlinear, infinite-horizon
habit model of CC (1999). I also estimate the portion of time variation in
expected returns on stocks and bonds that is associated with movements in
surplus consumption implied by each habit model.

Empirical results indicate that the performance of the linear habit model
improves with the duration and persistence of habit formation. When habit is
assumed to slowly adjust to past 5-year’s consumption, the inverse relation
between expected returns on stocks and bonds and surplus consumption is
often statistically significant. The evidence also indicates that for common
stocks, the volatility of returns is positively related to surplus consumption
and the reward:volatility ratio is negatively related to surplus consumption.
Therefore the countercyclical variation in the price of risk and the negative
relation between expected returns and the volatility in the stock market docu-
mented in the literature can be explained in part by the time-varying surplus
consumption implied by the habit models. However, less than 30% of the
predictable variation of expected returns or the price of risk, using standard
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lagged information variables, is attributed to surplus consumption. Given the
predictive power of the information variables for the monthly, quarterly, and
annual returns studied in this article, the fraction of the stock return variance
that can be explained by surplus consumption is economically small. With a
high level of habit persistence, the performance of the infinite-horizon non-
linear habit model of CC (1999) is similar to that of the 5-year linear habit
model.

Appendix A: Calculation of the Sensitivity Functions

Consumption growth follows a conditionally normal and homoscedastic AR(1) process:
C —C = K¢ +u, = (1 - (pL)IZ( + @, (cr—l - Cf—2) F U U, ™~ N(Ov Uz)~ (Al)

Using the definition of S, given by Equation (5), the sensitivity function given by Equation (11)
for the linear habit specification in Equation (10) is

1
Aoy =E_, |:§i| -1
t

= Er—l[l - (Xzfl/cz—l)ei(c’iqfn]il -1

m

00 1— oo 1!
= f [1 - a<1 ;”"> Z<p“’”"’(C,f_f/C,fl)e’(““-'*””-‘)] p(dy —1, (A2)
. _ =

where . ,_, and o are given by Equation (Al) and p(y) is the density function for a stan-
dard normal distribution. The sensitivity function is evaluated by feeding the history of actual
consumption into Equation (A2).

In the CC (1999) model, consumption growth is i.i.d. (¢, = 0) and the log surplus consump-
tion ratio follows a conditionally normal and heteroscedastic AR(1) process:

s, =(0- ") + (pmsr—l + A iy, (A3)
where the sensitivity function A,_, is
Moy = 1/ 1T =2(s,_, —5) — | (A4)

if the right-hand side of Equation (A4) is positive, and zero otherwise. The steady state is
S = oly/(1 —¢™)]"?. In a modified model, I assume that consumption growth follows Equa-
tion (Al). To be consistent with the linear habit model, the autocorrelation coefficient of the
surplus consumption ratio is written as ¢™ that measures the persistence of habit.

Compared with the sensitivity function of Equation (A2) implied by the linear habit model,
one advantage of the CC (1999) approach is that the sensitivity function of Equation (A4)
is an explicit function of s, and therefore can be calculated without evaluating a conditional
expectation. One potential difficulty of implementing the CC (1999) approach is that with large
movements in s,, the sensitivity function of Equation (A4) can reach zero and stay at this level for
a prolonged period of time. Further, unlike the finite-horizon linear model, which is well defined
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Table A1
Tests of alternative specifications of conditions covariances of returns with consumption growth

Hypothesis
Reverse Return volatility ~ Covariance Consumption
consumption dZ h,Z is Consumption beta  volatility d/Z
Asset beta e; Z is constant is constant constant b, Z is constant is constant

Monthly data (x? statistic)

\'AV 5.164 20.128 3.658 4.229 6.849
[0.396] [0.001] [0.600] [0.517] [0.232]
EW 1.100 11.456 4.176 4.016
[0.954] [0.043] [0.524] [0.547]
CB 1.545 83.465 0.501 0.592
[0.908] [0.000] [0.992] [0.988]
GB 4.010 61.464 0.309 0.490
[0.548] [0.000] [0.998] [0.993]
All 11.421 128.94 12.688 12.509
[0.935] [0.000] [0.890] [0.898]
Quarterly data (x? statistic)
\AV 5.526 3.890 2.884 2.212 5.741
[0.355] [0.565] [0.718] [0.819] [0.332]
EW 7.318 6.582 5.408 3.582
[0.198] [0.254] [0.368] [0.611]
CB 3.672 48.764 8.485 7.120
[0.598] [0.000] [0.131] [0.212]
GB 4.684 35.675 6.386 6.250
[0.456] [0.000] [0.270] [0.283]
All 13.892 71.106 20.919 12.038
[0.836] [0.000] [0.401] [0.915]
Annual data (¢ statistic)
S&P 500 —0.436 0.015 —0.230 —0.508 1.4437
[0.663] [0.988] [0.818] [0.612] [0.149]

Each of the following systems of disturbance terms is estimated jointly:

System A System B System C

Uip =Ty =g — @Gy U = ¢ — ¢y —apZi_y U = ¢ — ¢y — a2y

Vi = L‘,'Z, _d,,Zr—l Vip = ey (rjp — rﬁ/—l) - h;Zt—] Ve = uf; -d.Z,_,

wi = d]Z,_1)(€[Z,_y) = u; (¢, —¢,_y) wi = @2, );Z, 1) —ue (ryy —rp 1)

Each of the disturbance terms is orthogonal to the vector of information variables, Z. r; — r, represents the excess return with
continuous compounding on asset i. ¢, — ¢,_; is the change in the log of per capita, seasonally adjusted real consumption
of nondurables plus services. a;Z and aZ are conditional means of the excess return on asset i and consumption growth,
respectively. h;Z is the conditional covariance of the excess return on asset i with consumption growth. d;Z and d,Z are
conditional variances of the excess return on asset i and consumption growth, respectively. e;'Z is the reverse consumption
beta of asset i. b;'Z is the consumption beta of asset i. x*(5) statistic (with p-value in brackets) is for the Wald test that all
coefficients except the intercept are zero.

even for ¢ = 1, in the CC (1999) model, one must impose the restriction 0 < ¢" < 1 —yo? to
insure that S < 1 and avoid the unit root problem.

Appendix B: Covariance of Returns with Consumption

The reverse consumption beta is f],_, = cov, ,(r,,c,)/0?,_;, where o7, _, is the conditional
variance of the return on asset i. Let Z denote the vector of information variables including
a constant. Following much of the literature, conditional moments of returns including mean,
variance, and beta are assumed to be linear in Z. Let the conditional expected excess return
and volatility of asset i be a;Z and 6?,_, = d|Z, respectively, and the conditional reverse
consumption beta be g, , = e¢/Z. To examine whether g and ¢/ are time varying, I employ
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the following disturbance terms:

Uiy =T — Tf _a;Zr—l’ (Bl)

v, =ul —dZ,_,, (B2)

w;, = (dllefl)(eizf*l) - u,-t(c, - cz—])v (B3)

for i = 1,...,n. Each of the disturbance terms is orthogonal to Z. I estimate this exactly

identified system using the GMM of Hansen (1982).

In the second approach, I assume that the conditional covariance of the excess return on
each asset with consumption growth is linear in information variables: cov,_,(r;,,c,) = h.Z,_,,
where h; is a coefficient vector. The third approach uses a multiplicative decomposition of
the conditional covariance with consumption in the form: cov, ,(r;,,¢,) = B, ,07,_,, where
Bi..-1 =b/Z,_, is the conditional consumption beta of the excess return on asset i and 62, , =
d!Z,_, is the conditional volatility of consumption growth.

The results of estimating the three alternative specifications indicate that there is no evidence
that the conditional covariances, the consumption betas, or the reverse consumption betas are
time varying (see Table A1). The results are qualitatively similar under alternative specifications
where quadratic terms of the information variables are included in the conditional expected
returns or where the standard deviations of returns are linear in the information variables, as in
Kandel and Stambaugh (1990) and Whitelaw (1994). The results on the consumption volatility
are in contradiction to what Kandel and Stambaugh (1990) find using quarterly consumption
data over a longer time period extending back to 1929.
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