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Explaining the variation in expected returns across stocks and the variation in the equity
premium through time as a tradeoff between risk and return is a challenge for financial

economists. In his review article on market efficiency, Fama (1991, p. 1610) concludes

In the end, I think we can hope for a coherent story that (1) relates the cross-
section properties of expected returns to the variation of expected returns through
time, and (2) relates the behavior of expected returns to the real economy in a
rather detailed way. Or we can hope to convince ourselves that no such story is

possible.

This paper proposes a “coherent story” that satisfies both criteria.

A well-known empirical fact in finance is the high average returns of small stocks relative
to big stocks (i.e. low relative to high market equity stocks) and value stocks relative
to growth stocks (i.e. high relative to low book-to-market equity stocks). The evidence
suggests that there are size and value premia in the cross section of expected stock returns.
In an equilibrium asset pricing model, cross-sectional variation in expected returns must be
explained by cross-sectional variation in risk. The Capital Asset Pricing Model (CAPM),
where risk is measured by market beta, fails to explain the size and value premia (see Fama
and French (1992) and references therein). The Consumption CAPM (CCAPM), where
risk is measured by nondurable consumption beta, also fails to explain the cross section
of expected stock returns (Mankiw and Shapiro 1986, Breeden, Gibbons, and Litzenberger
1989).

Another well-known empirical fact is the predictability of stock returns by variables that
are informative about the business cycle (see Keim and Stambaugh (1986), Campbell (1987),
Campbell and Shiller (1988b), and Fama and French (1988, 1989)). The evidence suggests
that the equity premium is time varying, that it is higher at business-cycle troughs than at
peaks. In an equilibrium asset pricing model, time variation in the equity premium must be
explained by time variation in the price or quantity of risk. Although there is some evidence
for time variation in risk, it cannot be reconciled with the evidence for expected returns in a
way that offers a consistent description of the time-varying tradeoff between risk and return

(see Harvey (1989) for evidence on the CAPM and Kandel and Stambaugh (1990) for the



CCAPM).

This paper proposes a simple consumption-based explanation of both the cross-sectional
variation in expected stock returns and the counter-cyclical variation in the equity premium.
I use a representative household model, where intraperiod utility is a constant elasticity of
substitution (CES) function of nondurable and durable consumption. It nests the CCAPM
as a special case when utility is separable in the two consumption goods.

In the language of macroeconomics, the main findings can be summarized as follows.
When the elasticity of substitution between nondurable and durable consumption is high,
the marginal utility of consumption rises when durable consumption falls. First, small stocks
and value stocks deliver low returns when marginal utility rises, that is during recessions
when durable consumption falls. Investors must therefore be rewarded with high expected
returns to hold these risky stocks. Second, stocks deliver unexpectedly low returns when
marginal utility rises sharply, that is at business-cycle troughs when durable consumption
falls sharply relative to nondurable consumption. Investors must therefore be rewarded with
high expected returns to hold stocks during recessions.

In the language of finance, the main findings can be summarized as follows. When
utility is non-separable in nondurable and durable consumption, optimal portfolio allocation
implies a two-factor model in nondurable and durable consumption growth. The risk price for
durable consumption is positive, provided that the elasticity of substitution between the two
goods is high. First, small stocks and value stocks have higher durable consumption betas
than big stocks and growth stocks. Simply put, the returns on small stocks and value stocks
are more pro-cyclical, explaining their high average returns. Second, the covariance of stock
returns with durable consumption growth is higher at business-cycle troughs than at peaks.
The equity premium is therefore counter-cyclical because the quantity of risk, measured by
the conditional covariance of returns with durable consumption growth, is counter-cyclical.

Previous papers that have tested the representative household model with durable con-
sumption include Dunn and Singleton (1986), Eichenbaum and Hansen (1990), and Ogaki
and Reinhart (1998). These papers test the conditional moment restrictions implied by the
model using T-bill returns and instruments. This paper instead tests the unconditional mo-

ment restrictions using a large cross section of stock returns, and the conditional moment



restrictions using stock returns and instruments that predict returns. Because both non-
durable and durable consumption are smooth, the model requires large risk aversion to fit
the high level and volatility of expected stock returns. This paper shows that the model
can successfully explain the cross-sectional and time variation in expected stock returns,
conditional on an “equity premium puzzle” (Mehra and Prescott 1985).

In related work, Pakos (2003) considers a representative household model with non-
homothetic utility in nondurable and durable consumption goods. He focuses on the Leontief
model, where the elasticity of substitution between the two goods is zero. Since the con-
sumption of durables relative to nondurables is pro-cyclical, a low elasticity of substitution
between the goods implies pro-cyclical marginal utility. The Leontief model therefore cannot
explain the value premium (since value stocks are more pro-cyclical than growth stocks) or
the counter-cyclical variation in the equity premium. In contrast, I estimate a high elasticity
of substitution between the goods, implying counter-cyclical marginal utility.

The rest of the paper is organized as follows. Section 1 reviews the household’s consump-
tion and portfolio choice problem in the presence of durable consumption goods. In Section 2,
I linearize the unconditional Euler equation to obtain a two-factor model in nondurable and
durable consumption growth. I show that the linear factor model can be estimated by Gen-
eralized Method of Moments (GMM). In Section 3, I linearize the conditional Euler equation
to obtain a conditional factor model in nondurable and durable consumption growth. I show
that its conditional moments can be estimated by an instrumental variables methodology
(Campbell 1987, Harvey 1989).

Section 4 provides a description of the consumption data used in the empirical work. The
service flow for “durable goods” (as defined in the national accounts) is more cyclical than
the service flow for “nondurable goods” and “services”. The high cyclicality of the service
flow, rather than durability of the good, is the key ingredient in explaining the known facts
about expected stock returns.

Section 5 reports the cross-sectional tests. I find that the durable consumption model
explains the variation in average returns across the 25 Fama-French (1993) portfolios better
than the Fama-French three-factor model; the R? for these models are 77% and 66%, respec-

tively. The durable consumption model is not rejected by the test that the pricing errors are



jointly zero, while the CAPM, the three-factor model, and the CCAPM are all rejected. The
model also explains returns on portfolios sorted by book-to-market equity within industry
and portfolios sorted by risk (i.e. pre-formation betas).

Section 6 reports the time series tests of the model. 1 estimate the conditional Euler
equation by GMM, using excess stock returns and instruments. The test of overidentifying
restrictions fails to reject the model. The CCAPM, which is a restriction that utility be
separable in nondurable and durable consumption, is strongly rejected (Hansen and Single-
ton 1982). To connect these results to the predictability of stock returns, I jointly estimate
the conditional mean and variance of stock returns and its conditional covariance with non-
durable and durable consumption growth. I find that much of the counter-cyclical variation
in the equity premium is driven by counter-cyclical variation in the conditional covariance of
returns with durable (rather than nondurable) consumption growth, explaining the failure
of the CCAPM.

The large risk aversion required to explain stock returns not only implies a high riskfree
rate (Weil 1989), but high volatility in the riskfree rate due to the high persistence of durable
consumption growth. In Section 7, I show that this “riskfree rate puzzle” can be resolved
by separating risk aversion from the elasticity of intertemporal substitution (EIS) with more
general preferences.

Section 8 offers some conclusions. Supplementary derivations and results are contained

in a separate appendix (Yogo 2003), referenced throughout the text.

1 Household Optimization with Durable Consumption

Goods

1.1 Euler Equations

Consider the canonical consumption and portfolio choice problem of a household. In each
period t, the household purchases C; units of nondurable consumption goods and E; units of
durable consumption goods. P, is the price of durable goods in units of nondurable goods.

Nondurable goods are entirely consumed in the period of purchase, whereas durable goods



provide service flows for more than one period. The household’s stock of durable goods D,

is related to its expenditures by the law of motion
Dt - (1 - (S)Dt_]_ —l— Et; (1)

where § € (0,1) is the depreciation rate.
There are N + 1 tradeable assets in the economy, indexed by ¢ = 0,1,..., N. In period
t—1, the household invests B, ;_; units of wealth W,;_, in asset 7, which realizes the gross rate

of return R;; in period ¢t. Given the initial level of wealth, W,, and the initial stock of durable

goods, D_y, the household chooses the sequence {C}, Ey, By, . . ., Byt 52, to maximize
Eo ) B'u(Cy, Dy) 2)
t=0
subject to the intertemporal budget constraint
N
W, = Z Bi 1R, (3)
i=0
N
Y By = W,—C,—PRE, (4)
i=0

B > 0 is the household’s subjective discount factor, and u; = u(Cy, D;) is its period utility,
which depends on the consumption of nondurable goods and the stock of durable goods.
Let uc; and up; denote the marginal utility of C; and Dy, respectively. The household’s

first-order conditions and the envelope theorem imply the pair of Euler equations
uci—1 = B a1[BuciRil, (5)
Upt-1 = Et—l[ﬁuC’t(Pt—lRit - (1 - 5)Pt)]- (6)

Define the stochastic discount factor (SDF) as M; = Puci/uct—1. Equations (5) and (6)

together imply an intratemporal first-order condition (FOC) of the form

Upt—1

= Py — (1= 8)E 1[M;P] = Qs 1. (7)

Uct—1
Since a unit of the durable consumption good costs P,_; today and can be sold for (1 —§)P,
tomorrow, after depreciation, (J;_; has a natural interpretation as the user cost of the service

flow for the durable good.



1.2 Asset Pricing

Equation (5) can be written as

E, 1 [MRy] = 1. (8)

The excess return on asset ¢ then satisfies
E; 1[M;(Rit — Rot)] = 0. (9)

Equation (8) is the basis for consumption-based asset pricing. The marginal utility of con-
sumption is the appropriate measure of risk for an investor who cares about consumption.
Assets that deliver low returns when marginal utility is high must have high expected re-
turns to reward the investor for bearing risk. On the other hand, assets that deliver high
returns when marginal utility is high provides a good hedge for consumption risk and must
consequently have low expected returns.

Equation (8) was derived here in the context of a household optimization problem, but
it holds more generally by a well-known existence theorem. In the absence of arbitrage,
there exists a strictly positive SDF, M;, which satisfies equation (8) for all tradable assets
i=0,1,...,N (see Cochrane (2001, Chapter 4.2)). Various asset pricing models correspond
to particular forms of the SDF. In the consumption-based model, the SDF is the marginal

rate of substitution in consumption.

1.3 CES Utility

I now specify a particular form of utility that is used in the empirical work. The period

utility takes the form
v(C, D)7

L=

where v > 0 is the coefficient of relative risk aversion with respect to intraperiod utility flow.

u(C, D) = : (10)

The intraperiod utility takes the CES form
v(C, D) =[(1—a)C? + aDP]V/?, (11)

where o € (0,1) and p < 1. The elasticity of substitution between nondurable and durable

consumption goods is 1/(1 — p). Implicit in this specification is the assumption that the

7



service flow for the durable good is linear in the stock of the durable good. 1 therefore use
the words “stock” and “consumption” interchangeably in regard to durable goods, hopefully
without confusion. The utility specification (10) and (11) has been used previously in related
empirical work by Dunn and Singleton (1986) and Ogaki and Reinhart (1998).!

When p =1 — v, the period utility is separable in nondurable and durable consumption,

(7177 1)1*7
1_7—1—041_ . (12)

w(C,D) = (1 - a) .

The marginal utility of nondurable consumption takes the simple form uc = (1—a)C~7. The
additively separable model is the leading case in macroeconomics and finance applications.
It provides a useful reference point for the general model with CES intraperiod utility.

In the general case, the marginal utility of nondurable consumption is

1—v—p

we = (1— a)C— [Ha((g)pqﬂ | (13)

The marginal utility under the additively separable model is now multiplied by a function of

the ratio of durable to nondurable consumption, D/C. Figure 1 illustrates the dependence
of the marginal utility on D/C. For a given level of nondurable consumption, marginal
utility decreases in D/C' if p > 1 — . Intuitively, low nondurable consumption can be offset
by high durable consumption provided that the elasticity of substitution between the two
goods is sufficiently high. On the other hand, relatively high durable consumption increases
the marginal utility of nondurable consumption if the elasticity is low (i.e. p < 1 — ). The
additively separable model, where p = 1 —, is the knife-edge case when the marginal utility
is independent of durable consumption.

The SDF for the durable consumption model is

1—y—p

m-s() (Sforar ) o

The intratemporal FOC (7) takes the form

a Dy pt
1 o Ct_l — Pt—l — (1 - 5)Et—1[MtPt]' (15)

!'Dunn and Singleton (1986) use Cobb-Douglas intraperiod utility, which corresponds to the special case

p=0.



In the empirical work, I assume that there is a representative household, so that assets can
be priced by the SDF (14) using aggregate consumption data.

At the microeconomic level, there may be lumpiness in the adjustment of durable con-
sumption, which can cause aggregate durable consumption to deviate from the optimal
behavior implied by the frictionless model (see Grossman and Laroque (1990) and Caballero
(1993)). As long as nondurable consumption still adjusts in a way that the Euler equa-
tion (5) holds, the slow adjustment of durable consumption does not pose a problem for
asset pricing.> However, the Euler equation for durable consumption (6), and consequently,
the intratemporal FOC (15) may not hold due to frictions in the adjustment of durable

consumption.

1.4 A Log-Linear Approximation of the SDF

I now introduce a linear approximation to the log of the SDF (14), which is convenient for
transforming the asset pricing equation (8) into a linear factor model. Let lowercase letters
denote the logs of the corresponding uppercase variables. Taking the log of both sides of (14)

and approximating around the special case of Cobb-Douglas intraperiod utility (i.e. p = 0),
my = log f — vAc + a(l — v — p)(Ady — Acy). (16)
The approximation is exact when p = 0. Let 7 = —log 3, f; = (Ac¢, Ady)’, and

b | 0] _ Y+a(l—v-p) - (17)

by —a(l—v—p)

Then equation (16) can be written more compactly as
-y =T+ b/ft =7+ blACt + bgAdt. (18)

7 is the rate of time preference. b; and by are the risk prices for the two risk factors,
nondurable and durable consumption growth, respectively.
The risk price of durable consumption is positive when p > 1 — ~, that is when the

elasticity of substitution between the two consumption goods is greater than the inverse of

20gaki and Reinhart (1998) make a similar argument to motivate their empirical methodology.



risk aversion. Using quarterly data in the sample 1951:1-1983:4, Ogaki and Reinhart (1998,
Table 2) estimate a 95% confidence interval of [—0.03,0.27] for p. On the other hand, the
literature on the equity premium puzzle suggests that + is large (see Campbell (2003) for
a survey). Therefore, the assumption of additive separability is not supported by the data.
Moreover, durable consumption is potentially an important risk factor that carries a large
positive risk price.

An intuitive way to think about the risk prices for nondurable and durable consumption

is the approximation

b = (I-a)y+a(l—p)=(1-a),

by = ay—a(l—p) ~ay.
The approximation holds in the empirically relevant case where p ~ 0 and ~y is large. The
sum of the risk prices is total risk aversion . The fraction of risk attributed to nondurable

consumption is 1 — a;, which is the budget share of nondurable consumption under Cobb-

Douglas intraperiod utility.

2 Linear Factor Models

Taking the unconditional expectation of equation (9),

Suppose the SDF is linear in a vector f; of F' underlying factors, that is

M,
L k4 VS,
E[Mt] + ft

Let u; = E[fi], S¢p = E[(fi — py)(fe — p5)], and S = E[(f: — ) (Rie — Rot)]- Equation

(19) can then be written as a linear factor model
E[R; — Rot) = V'S4 (20)

This equation says that the premium on asset i is the price of risk b times its quantity of

risk Y.

10



Define the “beta” of asset ¢ as (3; = Z;}Z i, which can be interpreted as the coefficient
vector in a multiple regression of R; onto f;. The linear factor model can be written as a
beta pricing model

E[Ri — Rot] = N6, (21)

where A = X4b is the factor risk premium.

2.1 Fama-French Three-Factor Model

In response to the failures of the CAPM and the CCAPM, Fama and French (1993) proposed
an influential three-factor model. The three factors are excess returns on the market portfolio,
returns on the SMB (Small Minus Big stocks) portfolio, and returns on the HML (High Minus
Low book-to-market stocks) portfolio. The Fama-French three-factor model nests the static
CAPM (Sharpe 1964, Lintner 1965) as a special case where the risk prices for SMB and
HML are restricted to zero.

Although the model is an empirical success, it falls short of a satisfactory understanding
of the underlying risk reflected in stock returns. “Without a theory that specifies the exact
form of the state variables or common factors in returns, the choice of any particular version
of the factors is somewhat arbitrary.” (Fama and French 1993, p. 53) As emphasized by
Cochrane (2001, Chapter 9), a satisfactory factor model must ultimately connect the factors

to the marginal utility of consumption.

2.2 Consumption-Based Model

A nonlinear SDF, M;, can be approximated by first-order log-linear approximation as

M,
E[M,]

~ 1 +mt — E[mt]

Using equation (18), the SDF (14) of the durable consumption model can be approximated
as
M,

—— " ~k+bhA boAd 22
B[M)] + 012¢ + 0oAdy, (22)

where k = —1 — b1 E[Ac¢;] — bE[Ad,]. The corresponding linear factor model (20) is
E[th — ROt] = blcOV<ACt, Rit — ROt) + bQCOV(Adt, Rit — ROt)- (23)

11



When p =1 — ~ (i.e. additive separability), this equation reduces to
E[Rit - ROt] = VCOV(ACta Ry — ROt)7 (24)

which is the familiar CCAPM (Rubinstein 1976, Breeden and Litzenberger 1978, Breeden
1979).

Equation (23) says that an asset with high nondurable consumption beta, Cov(Ac;, Ry —
Ry;)/Var(Ac;), must have high expected returns. Likewise, an asset with high durable
consumption beta, Cov(Ady, Ry — Ro:)/Var(Ad,), must have high expected returns when
by > 0. In equilibrium, differences in expected returns across assets must reflect differences
in the quantity of risk across assets, measured by the covariance of returns with nondurable

and durable consumption growth.

2.3 An Approximation of the Intratemporal FOC

Suppose the intraperiod utility is Cobb-Douglas (i.e. p = 0). Substituting the linearized
SDF (22) in the intratemporal FOC (15) and taking the expectation of both sides of the

equation yields

E = 1—alE
by —1 [ Po1Diy Py

P, P,
—b1C0V (ACt, P—t) — bQCOV (Adt, P—t)‘| s (25)

t—1 t—1
where a = (1 —6)E[M,]. Note that the parameters in this equation are the risk prices b, and
by, rather than the preference parameters v, p, and «. Hence, the equation is a useful way

of imposing the intratemporal FOC in estimating the linear factor model (23).

2.4 GMM Estimation of Linear Factor Models

Since the linear factor model is a set of moment restrictions on asset returns, GMM is a nat-
ural way to estimate and test the model.? Since my focus is on consumption-based models,

I base estimation on the covariance representation (20), rather than the beta representation

3See Cochrane (2001, Chapter 13) for a textbook treatment of GMM for linear factor models.
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(21) of the model. The coefficients b of the covariance representation are immediately in-
terpretable as preference parameters, unlike the coefficients A of the beta representation. In
Yogo (2003, Section A), I relate the GMM estimator to an estimator of the risk prices based
on a cross-sectional regression.

Define the parameter space © C R*" with a generic element § = (¥, W) Let Ro,
Ry = (Ry, ..., Ryt), and f; be the time ¢ observation on the reference return, the vector
of N test asset returns, and the vector of F' factors, respectively. Stack the variables in a
vector as z; = (Roi, Ry, f/)'. Let ¢ be an N x 1 vector of ones. Consider the (N + F) x 1

moment function

e(zt, 9) _ Ry — Ryt — (Rt - ROtL)(ft - Nf)/b ' (26)
Je =y

The moment function satisfies the moment restriction Ele(z, 6)] = 0, for some 6, € O,
through equation (20). A necessary condition for identification is that N > F. A sufficient
condition for identification is that the F' x N matrix [X - - - ¥y has rank F'. This condition
assures that 6y is a unique solution to E[e(z, 8)] = 0, so that the key identification condition
for GMM is satisfied (see Wooldridge (1994, Theorem 7.1)). Intuitively, the factors cannot
be perfectly correlated in order for the factor risk prices to be identified.

The overidentifying restrictions of the model can be tested by Hansen’s (1982) J-test.
The degree of overidentification is N — F', or N — F'+ 1 for the durable consumption model
when the intratemporal FOC (25) is imposed as an additional moment restriction. The J-
test tests the null hypothesis that the pricing errors are jointly zero across the IV test assets.
The test is conceptually similar to the GRS test (Gibbons, Ross, and Shanken 1989) since
the test statistic is a quadratic form in the vector of pricing errors (see Cochrane (2001,

Chapters 12-13)).

3 Conditional Factor Model

Let Ry be a conditionally riskfree return, so that Ry, = 1/E; 1[M;]. (In practice, Ry
is a reference return over which excess returns are computed, such as the 90-day T-bill

return.) Let lowercase letters denote the logs of the corresponding uppercase variables (e.g.

13



my = log M, and ro; = log Ry;). For assetsi = 1,..., N, however, let r;; = log R;; —log Ry be
the log return in excess of the log riskfree rate. By a second-order log-linear approximation

of equation (8) for the riskfree rate (see Campbell (2003)),
1
Tot = —Et,lmt — §Vart,1(mt). (27)
Similarly, the excess return on asset ¢ can be approximated as
1
Et—l[rit] + §Vart_1(rit) = —Covt_l(mt, rit)' (28)
Suppose the log SDF is linear in a vector f; of F' underlying factors, that is
F
j=1
Then equation (27) becomes

/ 1 /
ror =T+ VEq[fi] — 5\/&1},1(1) o), (29)

and equation (28) can be written as a conditional factor model

F
1
E; 1[ri] + §Vart71(7ﬁit) = Z bjCOVt—l(fju Tit)- (30)

j=1
This equation says that the premium on an asset is the price of risk b; times the quantity of

risk Covy_1(fji, 7it), summed over all factors j =1,..., F.

3.1 Consumption-Based Model

Using the linear approximation to the log SDF (18), the riskfree rate for the durable con-

sumption model is

Tor = T+ blEtfl [ACt] + bQEtfl [Adt]

b2 b2
—§1Vart_1(Act) — ;Vﬁrt_l(Adﬁ — bleCOVt_l(ACt, Adt) (31)

The premium on asset @ is
1
E; 1[ry] + §Vart_1(7“it) = b1Covy_1(Acy, rit) + boCovy_1(Ady, 731). (32)

14



When p =1 — ~ (i.e. additive separability), this equation reduces to
1
Et—l[ﬁ't] + §vart—1(rit) = ’YCOVt—l(ACt> Tz‘t)a (33)

which is the familiar CCAPM.

Equation (32) says that the expected return on an asset is high when the covariance of its
returns with nondurable consumption growth is high. Likewise, the expected return is high
when the covariance of its returns with durable consumption growth is high, provided that
b > 0. In equilibrium, variation in expected returns through time must reflect variation in
the quantity of risk through time, measured by the conditional covariance of returns with

nondurable and durable consumption growth.

3.2 Estimation of Conditional Moments Using Instruments

I now describe a way to estimate the conditional moments of the conditional factor model
(30), using a vector x;_; of I instrumental variables known at time ¢ — 1. The essential
idea behind the method is that the representative household’s information set can always
be conditioned down to the econometrician’s information set. Equation (30) therefore holds
even when the conditioning information is restricted to x;_;. The methodology described
here has been used previously in empirical work by Campbell (1987) and Harvey (1989).

Consider the linear regression model

Tit = H;It—l + Uit (Z = 17 ey N)a (34)
upry = Dl 4+e€ (i=1,...,N), (35)
wit f¢ = T;jxtfl"i_nijt (i=1,...,N;j=1,..., F). (36)

Equations (34) and (35) model the conditional mean and variance of excess log returns,
respectively. Equation (36) models the conditional covariance of excess log returns with the

factors. The model (34)—(36) is exactly identified under the conditional moment restriction

E[(Uinﬁit,??ijt)/’-%t—l] =0 Vi,j. (37)

15



Define the matrices

II = [HlnN] IXN),

(
I'= [Fl--~FN] (IXN),
Tj= [Ty---Tn;l (I XN),
(

T= [T,---Ts (IxNF).

The conditional factor model (30) implies N1 linear restrictions of the form

F
1
M+ o0 = ;bﬂj. (38)

Using this equation to substitute out I'; in equation (35),

F !
UitTit = 2 (Z bjTij — Hz> Tr—1 + €it- (39)

j=1
Assuming that the vector of risk prices b is known, the model (34), (39), and (36) is overi-
dentified by NI degrees.

(NFNI) with a generic element 6 = (vec(II)’, vec(Y)').

Define the parameter space © C R
Let ry = (r14,...,7ne) and f; be the time ¢ observation on the vector of N excess log returns
and the vector of F' factors, respectively. Stack the variables and the instruments in a vector

as z¢ = (1, f{,x+—1)". Consider the (2N + NF)I x 1 moment function

Ty — H,l't,l
e(z,0;0) = | diag((r, — ay_1)rl) — 2(2521 b;Y; — Iy | ® T (40)
vec((ry — Way_q) f]) — Y'ay

The moment function satisfies the moment restriction E[e(z, 0p;0)] = 0, for some 6y € O,
through the conditional moment restriction (37).

In practice, the vector of risk prices b is not known. It can be estimated jointly with
0 using the moment function (40), provided that F' < NI. Instead, suppose there is a
consistent estimator b. Then the GMM estimator for 6 based on the moment function

e(z, 0;b) is consistent and has the same asymptotic distribution as if b were known. This

can be verified by checking the sufficient conditions for consistency and asymptotic normality
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in Newey and McFadden (1994, Theorems 2.1 and 3.2). In the empirical work, I use the
estimated preference parameters from GMM estimation of the conditional Euler equation (9)
to obtain b, through equation (17). I then estimate 6 using the moment function e(z, 0;3).
This estimation strategy is consistent with the purpose of estimating the conditional factor
model (30), which is to better understand the dynamics of expected returns implied by asset

pricing equation (9).

4 Consumption Data

4.1 Source and Construction

Quarterly consumption data is from the US national accounts. Following convention, non-
durable consumption is measured as the sum of real personal consumption expenditures
(PCE) on nondurable goods and services.* Nondurable consumption includes food, clothing
and shoes, housing, utilities, transportation, and medical care. Items such as clothing and
shoes are durable at quarterly frequency, but I include them as part of nondurable consump-
tion to be consistent with previous studies of the CCAPM. Similarly, housing is the service
flow imputed from the rental value of houses.

Durable consumption consists of items such as motor vehicles, furniture and appliances,
and jewelry and watches. The Bureau of Economic Analysis (BEA) publishes year-end
estimates of the chained quantity index for the net stock of consumer durable goods. Using
quarterly data for real PCE on durable goods, I construct quarterly series for the stock of
durables by equation (1). Implicit in the data for the stock of durables are the depreciation
rates used by the BEA for various components of durable goods. The implied depreciation
rate for durable goods as a whole is about 6% per quarter.

Both nondurable consumption and the stock of durables are divided by the population.
In matching consumption to returns data, I use “beginning of the period” timing convention,
following Campbell (2003). In other words, the consumption data for each quarter is assumed

to be the flow on the first, rather than the last, day of the quarter. Although quarterly

4See Whelan (2000) for issues concerning aggregation of chained national accounts data.
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consumption data is available since 1947, the period immediately after the war experienced
unusually high durable consumption growth due to the rapid restocking of durable goods. I
therefore use data since 1951, following Ogaki and Reinhart (1998). The resulting sample
period is 1951:1-2001:4.

4.2 Basic Description

Figure 2 is a time series plot of the ratio of the stock of durables to nondurable consumption,
that is D/C. The series has an upward trend in the postwar sample, which is consistent
with the downward trend in the price of durables relative to nondurables. The shaded
regions are recessions, from peak to trough, as defined by the National Bureau of Economic
Research (NBER). The ratio D/C rises during booms and falls during recessions, implying
strong counter-cyclical movements in marginal utility (13), provided that the elasticity of
substitution between the goods is high.

Table 1 reports descriptive statistics for nondurable and durable consumption growth,
together with those for the three Fama-French factors. (Recall that the growth rate in the
stock is the growth rate in the consumption of durable goods.) Nondurable consumption
growth has mean 0.51% and standard deviation 0.54% per quarter. Durable consumption
has mean 0.92% and standard deviation 0.54%. The correlation between them is 0.19. The
Fama-French factors have low correlation with the two consumption-based factors, especially
with durable consumption growth. Durable consumption growth is much more persistent
than nondurable consumption growth. The first-order autocorrelations are 0.88 and 0.28,

respectively.

4.3 Business-Cycle Properties

Figure 3(a) is a time series plot of the growth rates of nondurable and durable consumption
in the postwar sample. Durable consumption growth is strongly pro-cyclical, peaking during
booms and bottoming out during recessions. It is therefore a good indicator variable for
the business cycle. Nondurable consumption growth is also pro-cyclical, but less so than

durable consumption. It tends to fall sharply right at the onset of recessions. Figure 3(b)
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is a time series plot of nondurable consumption growth minus durable consumption growth.
The growth rate of durable consumption generally exceeds that of nondurable consump-
tion, except during and immediately after recessions. The series is strongly counter-cyclical,
highest at business-cycle troughs and lowest at business-cycle peaks.

To examine the cyclical properties of nondurable consumption in further detail, Fig-
ure 4(a) shows the time series for nondurable consumption growth together with the growth
rates of two of its components: (1) food and (2) housing. (At the end of 2001, food ac-
counted for 16% and housing 17% of consumption expenditures on nondurables.) The figure
illustrates the fact that the components of nondurable consumption share the time series
properties of its aggregate: low volatility (compared to stock returns), low autocorrelation,
and weak cyclicality. Although houses can be thought of as a “durable good”, its service
flows are more similar to that of “nondurable goods”.

Implicit in studies of the CCAPM is the assumption that the various components of
nondurable consumption are perfect substitutes. This appears to be a reasonable assumption
for the purposes of empirical work since the various components share similar time series
properties. Moreover, the gain from explicitly modeling non-separability between the various
components of nondurable consumption appears to be small, at least for the purposes of asset
pricing. For instance, Piazessi, Schneider, and Tuzel (2003) find that a model that accounts
for non-separability between housing and other nondurable goods cannot reconcile the size
and value premia.’

Figure 4(b) is a time series plot of durable consumption growth together with the growth
rates of two of its components: (1) motor vehicles and (2) furniture and appliances. (At the
end of 2001, motor vehicles accounted for 30% and furniture and appliances 45% of the stock
of consumer durables.) The figure illustrates the fact that the components of durable con-
sumption share the time series properties of its aggregate: low volatility (compared to stock

returns), high autocorrelation, and strong cyclicality. The consumption of motor vehicles is

°The test that the pricing errors are jointly zero for the 25 Fama-French portfolios rejects the model.
However, Lustig and Van Nieuwerburgh (2002) argue that housing has an important role as collateral in
risk-sharing markets. Using the housing-human wealth ratio as a conditioning variable, they find that the
conditional CCAPM can explain the size and value premia. Their finding confirms that of Lettau and

Ludvigson (2001), who use the consumption-wealth ratio as a conditioning variable.
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especially pro-cyclical with sharp falls during recessions. The strong cyclicality of durable

consumption is consistent with that of luxury goods (Ait-Sahalia, Parker, and Yogo 2003).

5 Cross-Sectional Tests

In this section, I test the cross-sectional implications of the durable consumption model.
The test assets are the 25 Fama-French portfolios (Section 5.1), portfolios sorted by book-
to-market equity within industry (Section 5.2), and portfolios sorted by market and HML
betas (Section 5.3). The empirical results focus on the linear two-factor model (23), rather
than the nonlinear model (19) with SDF (14). The main advantage of the linear model is
that it makes transparent the central economic finding, that small stocks and value stocks
are pro-cyclical. It also makes the results readily comparable to the large literature on cross-
sectional asset pricing, which has focused on linear factor models. In Section 5.4, I estimate

the nonlinear model to support the empirical findings for the linear model.

5.1 Fama-French Portfolios
5.1.1 Data

Fama and French (1993) construct 25 portfolios by independently sorting stocks into quintiles
based on size (i.e. market equity) and book-to-market equity. Data on the Fama-French
factors and portfolio returns were obtained from Professor Kenneth French’s webpage. Excess
returns are computed by subtracting the 90-day T-bill return, which is from the Center for
Research in Security Prices (CRSP) Indices database. Because of the failures of the CAPM
and the CCAPM in explaining their returns, the Fama-French portfolios have been the focus
of recent work on cross-sectional asset pricing (e.g. Lettau and Ludvigson (2001), Campbell

and Vuolteenaho (2002), and Parker and Julliard (2003)).

5.1.2 Test of Linear Factor Models

Table 2 reports estimates of the factor risk prices for the CAPM, the Fama-French three-
factor model, the CCAPM, and the durable consumption model. Estimation is by two-
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step (efficient) GMM. Standard errors are heteroskedasticity and autocorrelation consistent
(HAC), computed by the VARHAC procedure with automatic lag length selection by AIC
(see den Haan and Levin (1997)).° The maximum lag length is set to three quarters to
account for autocorrelation. The correction for autocorrelation is especially important in
estimating the durable consumption model due to the persistence of durable consumption
growth.

The CAPM has a positive and significant risk price on the market return. The mean
absolute pricing error from the first stage is 0.65% per quarter. Instead of reporting the
mean squared pricing error, I report one minus its ratio to the variance of average portfolio
returns, which is called the R?, following Campbell and Vuolteenaho (2002). The R? for the
CAPM is -89%, which suggests that the model fits the average T-bill return very poorly.
The J-test, or the test of overidentifying restrictions, strongly rejects the model.

The Fama-French three-factor model is much more successful than the CAPM. The mean
absolute pricing error is 0.26%, and the R? is 66%. The risk price for SMB is not significantly
different from zero, while the risk price for HML is significantly positive. Hence, the im-
provement over the CAPM is mostly captured by the explanatory power of HML. Although
the first-stage measures of fit are much better than the CAPM, the J-test rejects the model.

For the CCAPM, the risk price for nondurable consumption is positive and significantly
different from zero. The large point estimate of 106, which is a consequence of the low
volatility of nondurable consumption, is consistent with the literature on the equity premium
puzzle. The mean absolute pricing error is 0.33%, and the R? is 38%. Although the CCAPM
has better first-stage measures of fit than the CAPM, it falls short of the three-factor model.
Moreover, the J-test strongly rejects the model.

In the last two columns of Table 2, I report two estimates of the durable consumption
model. The first estimate is based only on the moment restrictions used to price the port-
folios. The second estimate imposes an additional moment restriction corresponding to the
intratemporal FOC (25). In other words, the second estimate forces the model to simulta-

neously explain the returns on the 25 Fama-French portfolios and the optimal consumption

6den Haan and Levin (2000) find that the VARHAC covariance matrix estimator performs better than the

kernel-based estimators (e.g. Newey and West (1987) and Andrews (1991)) in various Monte Carlo setups.
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behavior implied by the FOC. In estimating equation (25), I set a = 0.94 since the depreci-
ation rate is about 6% per quarter; the results are not sensitive to reasonable variations in
a.

Without the intratemporal FOC, the risk price for nondurable consumption is comparable
to that estimated for the CCAPM, with a point estimate of 122. The risk price for durable
consumption is larger at 197 and statistically significant. Therefore, the CCAPM, which is a
restriction that the risk price on durable consumption be equal to zero, is strongly rejected.
Recall that the sum of the risk prices for nondurable and durable consumption is the risk
aversion . The point estimate of v is 319, which is a consequence of the low volatility of
both nondurable and durable consumption. The model therefore does not resolve the equity
premium puzzle. Assuming Cobb-Douglas intraperiod utility (i.e. p = 0), the point estimate
of @ = by/(by + by — 1) is 0.62. The mean absolute pricing error is 0.20%, and the R? is
77%. Although the J-test rejects at the 5% level, the rejection is solely due to the model’s
inability to price the small growth portfolio, as discussed below. The results are essentially
the same when the intratemporal FOC is imposed.

Figure 5(d) provides a visual summary of the empirical success of the durable consump-
tion model. On the vertical axis is the realized average excess return. On the horizontal axis
is the return predicted by the model, based on the first-stage estimates. The points repre-
sent the 25 Fama-French portfolios, and the corresponding vertical distance to the diagonal
line represents the pricing error. The pricing errors for the durable consumption model are
much smaller than those for (a) the CAPM and (c) the CCAPM. It even outperforms (b)

the Fama-French three-factor model.

5.1.3 Estimation Without the Small Growth Portfolio

Figure 5 reveals the small growth portfolio (i.e. the lowest quintile in both size and book-
to-market equity) is an outlier for all the linear factor models. For the durable consumption
model, its pricing error is nearly 1%. D’Avolio (2002) and Lamont and Thaler (2003) doc-
ument limits to arbitrage, due to short-sale constraints, for the types of stocks that are
generally characterized as small growth. It is perhaps unsurprising then that these friction-

less equilibrium models have difficulty explaining the small growth portfolio.
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In Table 3, I report estimates of the linear factor models using 24 of the Fama-French
portfolios, excluding the small growth portfolio. The R? of the durable consumption model
improves from 77% to 81%. In comparison, the R? of the Fama-French three-factor model
improves from 66% to 74%. The J-test fails to reject the durable consumption model at
the 5% level, both with and without the intratemporal FOC. The null hypothesis that the

pricing errors are jointly zero is rejected for the other three models.

5.1.4 Consumption Betas

To better understand the success of the durable consumption model, Table 4 reports the
nondurable and durable consumption betas implied by the first-stage GMM estimates. Panel
A reports the average excess returns for the 25 Fama-French portfolios sorted by size and
book-to-market equity. Reading down the columns of the panel, average returns decrease
in size for a given book-to-market equity quintile. The only exception is for low book-to-
market stocks, whose average returns roughly increase in size. Reading across the rows of
the panel, average returns increase in book-to-market equity for a given size quintile. The
table confirms the well-known size and value premia.

Panel B of the table reports the nondurable consumption betas. Reading down the
columns of the panel, nondurable consumption beta decreases in size for a given book-to-
market equity quintile. This pattern is broadly consistent with the size premium. Reading
across the rows of the panel, nondurable consumption beta also increases in book-to-market
equity for a given size quintile. However, the variation in beta across book-to-market equity
is relatively small compared to the variation across size. The difference in nondurable con-
sumption beta between small and big stocks is at least 1.36 (for the lowest book-to-market
quintile). On the other hand, the difference in beta between high and low book-to-market
stocks is at most 0.95 (for size quintile 3). The relatively small variation in nondurable
consumption beta across book-to-market equity explains why the CCAPM fails to explain
the value premium.

Panel C of the table reports the durable consumption betas. Reading down the columns
of the panel, durable consumption beta decreases in size for a given book-to-market equity

quintile, with exception of low book-to-market stocks. This is consistent with the pattern in
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average returns across the size quintiles. Moreover, durable consumption beta increases in
book-to-market equity for a given size quintile, explaining the value premium. The difference
in durable consumption beta between high and low book-to-market stocks is in general larger
than that difference between small and big stocks. For instance, the difference in beta
between high and low book-to-market stocks is 1.54 for the median size quintile. On the
other hand, the difference in beta between small and big stocks is only 0.20 for the median
book-to-market equity quintile. Roughly speaking, durable consumption beta accounts for
the variation in average returns across book-to-market equity (i.e. value premium), while
nondurable consumption beta accounts for the variation in average returns across size (i.e.

size premium).

5.2 Portfolios Sorted by Book-to-Market Equity within Industry

To examine the value premium in more detail, I now test the durable consumption model on
portfolios sorted by book-to-market equity within industry. The question is whether value
stocks, that is stocks with high book-to-market equity relative to other stocks in the same

industry, have high consumption betas that account for their premia.

5.2.1 Portfolio Formation

The portfolios are formed using returns on ordinary common equity, traded in NYSE, AMEX,
or Nasdaq, in the CRSP Monthly Stock database. In June of each year ¢, stocks are sorted
into eight industries based on their two-digit SIC codes: (1) nondurables manufacturing,
(2) durables manufacturing, (3) other manufacturing, (4) nondurables retail, (5) durables
retail, (6) services, (7) finance, and (8) natural resource. Within each industry, stocks are
then sorted into three levels of book-to-market equity using breakpoints of 30th and 70th
percentiles, based on its value in December of ¢ — 1. Once the 24 portfolios are formed, their
value-weighted returns are tracked from July of ¢ through June of ¢ 4 1.

The industry definitions are designed to create variation in book-to-market equity that
is independent of nondurable and durable consumption; see Yogo (2003, Table A3) for the
corresponding SIC codes. The book equity data is a merge of historical data from Moody’s

24



Manuals (available from Professor French’s webpage) and COMPUSTAT. I refer to Davis,
Fama, and French (2000) for details on the computation of book equity.

5.2.2 Test of Linear Factor Models

Table 5 reports estimates of linear factor models using the portfolios sorted by book-to-
market equity within industry. For the durable consumption model without the intratem-
poral FOC, the point estimate of the risk price for durable consumption is 107, which is
somewhat smaller than that estimated using the Fama-French portfolios. Since the risk
price is significantly different from zero, the CCAPM is rejected. The R? for the model is
69%, compared to 58% for the Fama-French three-factor model. The J-test fails to reject
the durable consumption model, while the three-factor model is rejected at the 10% level.
When the intratemporal FOC is imposed, however, the J-test rejects the model. This is
a rejection of the linear approximation to the FOC; the J-test fails to reject the nonlinear

model, as shown below.

5.2.3 Consumption Betas

Panel A of Table 6 reports the average excess returns for the 24 portfolios. Reading across
the rows of the panel, average returns increase in book-to-market equity for each industry.
In all industries, the high book-to-market portfolio has higher average returns than the low
book-to-market portfolio. Interestingly, the high book-to-market portfolios in the durables
manufacturing and durables retail industries have the highest average returns.

Panel B reports the nondurable consumption betas. Reading across the rows of the
panel, nondurable consumption beta increases in book-to-market equity for each industry,
except for the nondurables retail and finance industries. Similarly, durable consumption beta
(Panel C) increases in book-to-market equity, except for the nondurables manufacturing and
durables retail industries. Table 6 makes clear the source of the value premia. In a given
industry, high book-to-market stocks have returns that are more pro-cyclical than low book-
to-market stocks. Value stocks therefore carry a high premium to compensate the investor

for bearing business-cycle risk, measured by consumption growth.
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5.3 Risk-Sorted Portfolios

This section examines whether the durable consumption model prices portfolios sorted by
risk. Risk-sorted portfolios provide a tough test for asset pricing models by creating a large
spread in the post-formation betas. I construct portfolios by sorting stocks based on their pre-
formation market and HML betas. The sort works well in practice. Portfolios with high (low)
pre-formation market betas have high (low) post-formation nondurable consumption betas,
and portfolios with high (low) pre-formation HML betas have high (low) post-formation
durable consumption betas.

The reason for using the market return and HML, rather than nondurable and durable
consumption growth, in forming portfolios is that returns are much more noisy than con-
sumption. Therefore, pre-formation consumption betas are too noisy and fails to create the
desired spread in the post-formation betas. The results for portfolios sorted by nondurable

and durable consumption betas are reported in Yogo (2003, Section B).

5.3.1 Portfolio Formation

The portfolios are formed using returns on ordinary common equity, traded in NYSE, AMEX,
or Nasdaq, in the CRSP Monthly Stock database. In June of each year ¢, market and HML
betas are computed for each stock using monthly returns from January of ¢ — 5 through
December of t — 1. Stocks with return data missing in any month are dropped from the
sample. Then 25 portfolios are formed by independently sorting stocks into quintiles based
on the market and HML betas. The value-weighted portfolio returns are then tracked from

July of ¢ through June of ¢ + 1.

5.3.2 Test of Linear Factor Models

Table 7 reports estimates of the durable consumption model using the portfolios sorted by
market and HML betas. Without the intratemporal FOC, the point estimate of the risk price
for nondurable consumption is 148. The estimate of the risk price for durable consumption is
83, which is significantly different from zero, implying a rejection of the CCAPM. The R? is

47%, and the J-test fails to reject the model. The results are similar when the intratemporal
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FOC is imposed, although the J-test rejects the model in this case. This is due to the

limitations of the linear approximation to the FOC, as discussed below.

5.4 Estimation of the Nonlinear Model

The empirical work has so far focused on the linearized durable consumption model, which
results from a log-linear approximation to the nonlinear SDF. In this section, I estimate the
nonlinear model to check the accuracy of the approximation. The estimation also allows for
separate identification of the three preference parameters (v, p, and «) that determine the
risk prices for nondurable and durable consumption.

Table 8 reports two estimates of the durable consumption model. The first estimate is
based only on the N moment restrictions (19), with the nonlinear SDF (14), used to price the
portfolios. The second estimate imposes the unconditional expectation of the intratemporal
FOC (15) as an additional moment restriction. In equation (15), I set (1 — )8 = 0.94 since
the depreciation rate is about 6% per quarter; the results are not sensitive to reasonable
variations in this parameter. Estimation is by two-step (efficient) GMM. HAC standard
errors are computed by the VARHAC procedure with automatic lag length selection by
AIC. Although the errors are in theory a martingale difference sequence, the maximum lag
length is set to one quarter to account for the possibility of time aggregation in consumption
data (see Hall (1988)).

Panel A reports the estimates using the 25 Fama-French portfolios. Without the in-
tratemporal FOC, the point estimate of v is 543, which is somewhat larger than the point
estimate of 319 for the linearized model (Table 2). The point estimate of p is 1, implying
perfect substitutability between nondurables and durables, but the standard error is large.
In particular, the Cobb-Douglas case (i.e. p = 0) is approximately two standard errors from
the point estimate. A plot (not reported) reveals that the GMM objective function is flat in
the direction of p in the region, roughly [0, 1], where it is minimized. In other words, p is not
identified well enough to distinguish between values corresponding to high elasticity of sub-
stitution, although low values p < 0 are easily rejected. The Wald test strongly rejects the
CCAPM (i.e. additive separability), which corresponds to the linear restriction p =1 — 7.

When the intratemporal FOC is included as an additional moment restriction, the esti-
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mates of v and « are somewhat smaller, but the results are qualitatively similar. Namely,
high risk aversion and high elasticity of substitution between the goods are necessary to
explain the size and value premia. These estimates that impose the FOC appear to bet-
ter identify p and «, which are parameters that govern intratemporal substitution. The
Wald test rejects additive separability. The J-test fails to reject the model at conventional
significance levels.

Panel B reports estimates using the 24 portfolios sorted by book-to-market equity within
industry, and Panel C reports estimates using the 25 portfolios sorted by market and HML
betas. The parameter estimates are quite similar across the panels. A representative house-
hold model with high risk aversion (i.e. v ~ 400), unit elasticity of substitution between
nondurables and durables (i.e. p = 0), and a larger budget share for durables (i.e. o~ 0.6)
appears to price the cross section of stock returns. The J-test fails to reject the model,
even when the intratemporal FOC is imposed. This suggests that the rejections of the linear
model (Tables 5 and 7) are a consequence of linearization error in the intertemporal FOC
(25), rather than a failure of the FOC itself.

Panel D reports the results when the model is estimated on all 74 portfolios. When the
intratemporal FOC is imposed, the estimate of v is 293, and the estimate of a is 0.61. The
estimate of p is 0.26, implying an elasticity of substitution of 1.35 between nondurables and
durables. These estimates have much smaller standard errors than those for the individual
sets of portfolios (Panels A-C). The J-test fails to reject the model. These results confirm
the conclusion from the findings for the linear two-factor model, that the model successfully

prices the cross section of stock returns.

6 Time Series Tests

I now test the time series implications of the durable consumption model. Section 6.2 tests
the model by GMM using portfolio returns and instruments that predict returns. Section 6.3

ties these results to the predictability of stock returns.
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6.1 Data

For the empirical work in this section, I focus on five portfolios that capture the common
variation in returns across the 25 Fama-French portfolios. The first is the market portfolio,
which is a value-weighted portfolio for NYSE and AMEX stocks from the CRSP Indices
database. The other four are the small stock, the big stock, the high book-to-market, and
the low book-to-market portfolios. These portfolios are based on six portfolios sorted by size
(breakpoint at the median) and book-to-market equity (breakpoints at the 30th and 70th
percentiles). The difference in returns between the small and big stock portfolios is the SMB
return. The difference in returns between the high and low book-to-market portfolios is the
HML return. See Fama and French (1993) for details on the construction of these portfolios;
the data is available from Professor French’s webpage. In computing excess returns, the
90-day T-bill return is used as the riskfree rate.

The time series tests of the durable consumption model require instruments that are
informative about the state of the economy. In addition to a constant, I use five instruments
in the tests: (1) nondurable consumption growth, (2) durable consumption growth, (3) the
dividend-price ratio, (4) the value spread, and (5) the long-short yield spread.

The dividend-price ratio for the CRSP value-weighted portfolio is constructed as the sum
of dividends over the past four quarters divided by the current price. The dividend-price
ratio is related, by a present-value relationship, to the expectation of future returns and
dividend growth and therefore predicts returns (Campbell and Shiller 1988a).

The value spread is the difference in book-to-market equity between the high and low
book-to-market portfolios. The value spread is related, by a present-value relationship, to the
expectation of future returns and profitability and therefore predicts HML returns (Cohen,
Polk, and Vuolteenaho 2003). Following Cohen, Polk, and Vuolteenaho, the book-to-market
equity in June of year t is the book equity in December of t — 1 divided by the market equity
in June of t. The book-to-market equity in the subsequent months from July of ¢ through
May of t 41 is the book equity in December of t — 1 divided by that month’s market equity.

Following Fama and French (1989), the long yield used in computing the yield spread is
Moody’s Seasoned Aaa Corporate Bond Yield. The short rate used is the 1-month T-bill
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rate from the CRSP Fama Risk Free Rates database. The yield spread “tends to be low near
business-cycle peaks and high near troughs” (Fama and French 1989, p. 30), much like the

difference in nondurable and durable consumption growth (Figure 3(b)).

6.2 Estimation of the Conditional Euler Equation
6.2.1 Excess Stock Returns

Panel A of Table 9 reports two estimates of the conditional Euler equation (9) for the
durable consumption model, using excess stock returns and instruments. The first estimate
is based on 30 moment restrictions, corresponding the product of five excess returns with six
instruments. The second estimate imposes six additional moment restrictions, corresponding
to the product of the intratemporal FOC (15) with the instruments. The instruments are
lagged twice to account for time aggregation in consumption data, but the results are similar
using once lagged instruments. Estimation is by two-step GMM, as described in Section 5.4.

Including the moment restrictions for the intratemporal FOC, the estimate of v is 338,
implying high risk aversion. The estimate of p is -0.08, with the Cobb-Douglas case (i.e.
p = 0) within two standard errors. The estimate of « is 0.66. These estimated preference
parameters agree with those for the cross-sectional tests (Table 8). The Wald test strongly
rejects the hypothesis of additive separability (i.e. p = 1 — ), which is consistent with
the well-known rejection of the CCAPM. The J-test fails to reject the durable consumption
model at conventional significance levels.

The fact that the estimates in Tables 8 and 9 agree deserves emphasis since it has impor-
tant asset pricing implications. On the one hand, the estimates in Table 8 are based on the
unconditional Euler equation, using a large cross section of portfolio returns. A successful
fit of the model implies that the variation in average returns across stocks can be explained
by the SDF (i.e. the marginal rate of substitution in consumption). On the other hand, the
estimates in Table 9 are based on the conditional Euler equation, using instruments that
are informative about the state of the economy. A successful fit of the model implies that
the variation in average stock returns through time can be explained by the SDF. I provide

further evidence for the time variation in the equity premium below.
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6.2.2 Riskfree Rate

In Panel B of Table 9, I repeat the estimation in Panel A with six additional moment
restrictions, corresponding to the product of the conditional Euler equation (8) for the riskfree
rate with the instruments. This allows the identification of the discount factor  in addition
to the other preference parameters. I again report two sets of estimates, depending on
whether the moment restrictions corresponding to the intratemporal FOC are included.

The estimate of 3 is greater than one, implying a negative rate of time preference. This
is a consequence of the well-known riskfree rate puzzle. Since the EIS is the inverse of risk
aversion under power utility (10), large risk aversion necessarily implies low EIS. However,
since consumption grows over time, a negative rate of time preference is necessary to explain
the low average riskfree rate. Although preferences with 5 > 1 may be counter-intuitive, it is
not problematic in the sense that competitive equilibria can still exist in an infinite-horizon
growth economy (Kocherlakota 1990).

What is more problematic is that the estimates of v and o are much smaller than those
reported in Panel A. The inability of the durable consumption model to simultaneously price
stock returns and the riskfree rate can be best understood using the log-linear approxima-
tion to the riskfree rate (31). Recall that the risk price for durable consumption can be
approximated as by &~ ary. Since durable consumption growth is persistent (its first-order
autocorrelation is 0.88), a large value of by implies large persistent movements in the riskfree
rate. A large risk price for durables, necessary for explaining the cross-sectional and time
variation in expected stock returns, results in a “riskfree rate volatility puzzle”. I will come
back to this issue in Section 7, where I show that the puzzle can be resolved by preferences

that separate the EIS from risk aversion.

6.3 Time Variation in Expected Stock Returns
6.3.1 Predictability of Returns

Stock returns can be predicted by various financial variables such as valuation ratios and
asset returns (see the references in the introduction). In a factor pricing model (30), time

variation in the equity premium must be explained by time variation in the quantity of risk,
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measured by the conditional covariance of the factors with returns. Therefore, the same
variables that predict returns (in equation (34)) must predict the product of the innovation
to returns with the factors (in equation (36)). I now document this connection between risk
and return for the durable consumption model.

Using the instrumental variables methodology (Section 3.2), I estimate the model with
excess log returns on the five portfolios: (1) market, (2) small stock, (3) big stock, (4) high
book-to-market, and (5) low book-to-market. The instruments are the same as those used
in the GMM estimation of the model: nondurable and durable consumption growth, the
dividend-price ratio, the value spread, the yield spread, and a constant. I impose the risk
prices implied by the estimated preference parameters, reported in the second column of
Table 9. They are 115 and 222 for nondurables and durables, respectively.

Panel A of Table 10 reports estimates of regression model (34), corresponding to the
conditional mean of stock returns. Coefficients that are significant at the 5% level (i.e. ¢-
statistic greater than 1.645) are in bold. For all five portfolios, the coefficient on nondurable
consumption growth is positive and significant, while the coefficient on durable consumption
growth is negative and significant (with exception of the low book-to-market portfolio). This
implies that expected stock returns are high when nondurable consumption growth is high
and durable consumption growth is low. As shown in Figure 3(b), nondurable consump-
tion growth is high (low) relative to durable consumption growth at business-cycle troughs
(peaks). The coefficients therefore imply a counter-cyclical equity premium.

The dividend-price ratio and the yield spread predict returns on the market portfolio,
consistent with the findings reported in the literature (e.g. Campbell and Shiller (1988b) and
Fama and French (1989)). Since the yield spread is counter-cyclical, its positive coefficient
implies that the equity premium is counter-cyclical. The value spread reliably predicts
returns on all five portfolios.

Panel B of Table 10 reports estimates of regression model (35), corresponding to the
conditional variance of stock returns. The squared innovation to returns is less predictable
than returns. Moreover, the coefficients are much smaller in magnitude than those for returns
(Panel A), which implies the conditional variance has a relatively small contribution in the

movements in expected returns (i.e. left side of equation (32)).
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Panel A of Table 11 reports estimates of regression model (36), where the factor is
nondurable consumption growth. The dividend-price ratio and the value spread reliably
predict the product of the innovation to returns with nondurable consumption growth. This
implies that the conditional covariance of returns with nondurable consumption growth is
high when the dividend-price ratio and the value spread are high.

Panel B reports estimates of regression model (36), where the factor is durable con-
sumption growth. Nondurable consumption growth predicts the product of the innovation
to returns with durable consumption growth positively, while durable consumption growth
predicts it negatively. The yield spread predicts the product positively. This implies that
the conditional covariance of returns with durable consumption growth is high when (1)
nondurable consumption growth is high relative to durable consumption growth or (2) the
yield spread is high. In other words, the conditional covariance of returns with durable
consumption growth is counter-cyclical.

To summarize, Tables 10-11 have uncovered some interesting facts about the predictabil-
ity of stock returns. On the one hand, the dividend-price ratio and the value spread predict
returns because they predict nondurable consumption risk, that is the product of the in-
novation to returns with nondurable consumption growth. On the other hand, nondurable
and durable consumption growth and the yield spread predict returns because they predict
durable consumption risk, that is the product of the innovation to returns with durable con-
sumption growth. This is consistent with the implications of the conditional factor model
(32); time variation in expected returns must be accounted for by time variation in the

conditional covariance of returns with either nondurable or durable consumption growth.

6.3.2 Variance Decomposition of Returns

Figure 6 is a time series plot of the market premium (i.e. expected excess returns on the
market portfolio), implied by the estimates in Tables 10-11. The dark line represents the
total market premium, E;_i[r;] + Var,_1(r;;)/2, and the light line represents the part due to
durables, boCovy_1(Ady, ;). The difference, of course, is the premium due to nondurables,
b1Cov,_1(Ac, ry). The plot reveals two interesting facts. First, the two lines tend to overlap,

which implies that most of the time variation in the equity premium is driven by the time
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variation in durable consumption risk. Second, the equity premium is strongly counter-
cyclical, highest at business-cycle troughs and lowest at business-cycle peaks. Similar plots
for the premium on the other four portfolios are reported in Yogo (2003, Figures A1-A2).

The plot of the market premium resembles the plot of the difference between nondurable
and durable consumption growth (Figure 3(b)). During a recession, durable consumption
falls sharply relative to nondurable consumption, causing the marginal utility of consumption
to rise sharply. This causes the market premium to rise sharply at the business-cycle trough.
As durable consumption rises relative to nondurable consumption during the subsequent
boom, marginal utility falls gradually, and so does the market premium. Time variation in
the market premium simply reflects time variation in risk, measured by the marginal utility
of consumption.

Table 12 reports the mean, the standard deviation, and the first-order autocorrelation of
expected excess returns on the five portfolios. It also reports a variance decomposition of
expected returns into the fraction due to nondurables premium, durables premium, and two
times the covariance between the two premia. A large fraction of the variation in expected
returns is due to variation in the durables premium. For instance, the nondurables premium
only accounts for 33% of the variance in the market premium, while the durables premium
accounts for 98%. (-31% is accounted for by the covariance between the two premia.) This
explains why the CCAPM fails to explain the time variation in expected returns; it misses an
important component of the cyclical variation in expected returns by ignoring the durables

premium.

7 Riskfree Rate Puzzle

As noted in Section 6.2, the durable consumption model runs into a riskfree rate volatility
puzzle. To assess the magnitude of the problem, I compute the implied riskfree rate using
equation (31) and plot its time series in Figure 7(a). The risk prices for nondurables and
durables are the same as those used to generate the implied market premium in Figure 6.
I also use the same instruments to model the conditional moments of consumption growth.

The rate of time preference 7 = 0.
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The expected riskfree rate has a mean 224% and fluctuates in the range of -200% to 500%
per quarter! Most of the variation in the riskfree rate is due to intertemporal substitution
(i.e. predictable movements in the first moment of consumption growth) rather than pre-
cautionary savings (i.e. predictable movements in the second moments). The large volatility
results from a combination of the large risk price for durables and the high persistence of
durable consumption growth. The expected riskfree rate is essentially a magnified version

of durable consumption growth, shown in Figure 3(a).

7.1 OCE Preferences

In order to resolve the riskfree rate puzzle, I introduce preferences that allow for separation of
the EIS from risk aversion. This allows me to retain the large risk price for durables, necessary
for explaining expected stock returns, while getting rid of the large implied volatility in the
riskfree rate. The derivations of the equations in this section are contained in Yogo (2003,
Section C).

Household preferences are a generalization of ordinal certainty equivalent (OCE) pref-
erences (Selden 1978) to the two good case. OCE preferences have been used in related
empirical work by Hall (1985) and Attanasio and Weber (1989). The household’s problem

is the same as in Section 1, except his objective function (2) is now

oo 1—nizc
Eqlv, 7|
S ol 17 (a1)
1—0o

t=0
where v; = v(Cy, D;). The parameter v > 0 governs risk aversion, that is preferences over
uncertain future utility flow. The parameter ¢ > 0 governs intertemporal substitution, that
is the willingness to substitute the certainty equivalent of utility flow over time. In the
special case v = o, the EIS 1/¢ is the inverse of risk aversion v, and the objective function
reduces to (2).

The household’s FOC results in an Euler equation

17
( . ) 7
Vi—1

When v = o, this reduces to the Euler equation (8) for the durable consumption model.

Y—O
1—v

Et—l Et—l[MtRit] == 1 (42)

A nice property of OCE preferences is that equation (9) still holds. In other words, the
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equation that prices excess returns does not change, although gross returns are now priced by
equation (42). Intuitively, the gross return on an asset is determined by both intertemporal
substitution and risk aversion. In comparing the return of one asset relative to another, the
part due to intertemporal substitution cancels, leaving only the part due to risk aversion.
Suppose the intraperiod utility is Cobb-Douglas (i.e. p = 0). Define the functions
bi(x) = x4+ a(l —z) and by(x) = —a(1 — x). By a second-order log-linear approximation of

equation (42) for the riskfree rate,

Tot = T+ b1 (O)Et_l[ACt] + bQ(O’)Et_l[Adt]
() o) () = 1)

2
—b1(0)b2(7)Covyi_1(Acy, Ady). (43)

ba(7)ba(0)

Vart,l(Act) - Vart,l(Adt)

Note that the part due to intertemporal substitution now depends on o, rather than ~.
There are two special cases of interest. When v = o, this equation reduces to the riskfree

rate under the durable consumption model (i.e. equation (31)). When o =1, by(0) = 0 and
1
ror =T + B 1[Acy] + §Vart_1(Act) — Covy_1(Acy, by (y)Acy + ba(y)Ady). (44)

Note that the riskfree rate does not depend on E;_;[Ad,] in this case. An EIS close to one
should therefore get rid of the persistent variation in the riskfree rate caused by durable
consumption growth.

A problem with OCE preferences is dynamic inconsistency. Because the certainty equiv-
alent of future utility depends on today’s expectations, today’s consumption plan will not
be carried out when expectations are updated tomorrow. In an economy with a single non-
durable consumption good, Epstein and Zin (1989) remedied this problem with recursive
utility. It is not known whether Epstein-Zin utility can be extended to the case with two
consumption goods, one of which is durable. A durable consumption good prevents a clean
separation of the intratemporal optimization problem from the intertemporal problem.

Leaving these issues aside, OCE preferences are attractive because excess returns can be
priced with the same equation as the durable consumption model. Therefore, all the empirical

results in Sections 56 for excess stock returns continue to hold under OCE preferences.
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7.2 Time Variation in the Riskfree Rate

Figure 7(b) is a time series plot of the riskfree rate using equation (43). The rate of time
preference 7 = 0 as before, and ¢ = 1.14 (EIS equal to 0.88) is chosen to minimize the
squared difference between the left and right sides of equation (43).

The expected riskfree rate generated by the model is now reasonable, resolving the riskfree
rate volatility puzzle. Its mean is 0.26% per quarter, which is somewhat lower than 0.47% for
the realized rate (i.e. 90-day T-bill return minus inflation in the price index for nondurable
goods). The difference is primarily due to an unexpectedly high real interest rate in the
1980’s. It is interesting that the expected riskfree rate, generated using only consumption

data, tracks some of the variation in the realized rate.

8 Conclusion

The findings of this paper suggest that there is much empirical content in the theoretical
paradigm of consumption-based asset pricing. The central insight of the CCAPM is that
the marginal utility of consumption is the relevant measure of risk for an investor. This
paper has shown the marginal utility of consumption, when suitably modeled, can explain
the tradeoff between risk and return reflected in the size premium, the value premium, and
the time-varying equity premium.

The central ingredient is a non-separable utility function in nondurable and durable con-
sumption, where the elasticity of substitution between the goods is high relative to the addi-
tively separable case. Small stocks and value stocks deliver low returns when marginal utility
rises, that is during recessions when durable consumption falls. These stocks must therefore
have high expected returns to reward the investor for bearing risk. In addition, stocks de-
liver unexpectedly low returns when marginal utility rises sharply, that is at business-cycle
troughs when durable consumption falls sharply relative to nondurable consumption. The
equity premium must therefore be high during recessions to reward the investor for bearing
risk.

The mechanism through which the durable consumption model generates a counter-

cyclical equity premium is similar to that of the external habit-formation model (Campbell
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and Cochrane 1999). In the Campbell-Cochrane model, the surplus consumption ratio is
strongly pro-cyclical and magnifies the counter-cyclicality of marginal utility relative to the
canonical CCAPM. In the durable consumption model, the ratio of durable to nondurable
consumption is strongly pro-cyclical and magnifies the counter-cyclicality of marginal utility.

Although the durable consumption model can explain both the cross section of expected
stock returns and the time variation in the equity premium, it requires rather high risk
aversion to do so because of the low volatility of both nondurable and durable consumption.
The riskfree rate volatility puzzle caused by high risk aversion can be resolved through
preferences that separate the EIS from risk aversion. However, one may still “reject” the
model on the grounds that high risk aversion is a prior: unreasonable. The risk aversion
implied by the Campbell-Cochrane model is also high, and in that model, the riskfree rate
volatility puzzle is avoided by having intertemporal substitution exactly offset precautionary
savings. I agree with the view that “high risk aversion is inescapable (or at least has not
yet been escaped) in the class of identical-agent models that are consistent with the equity
premium facts...” (Campbell and Cochrane 1999, p. 243)

Regardless of whether one believes in the representative household model, this paper has
uncovered some intriguing facts about stock returns and the business cycle, which should

guide future research.

1. Small stocks and value stocks have higher nondurable and durable consumption betas
than big stocks and growth stocks. The returns on small stocks and value stocks are

more pro-cyclical than those on big stocks and growth stocks.

2. The expected stock return is high (low) when nondurable consumption growth is high
(low) relative to durable consumption growth. The equity premium is strongly counter-

cyclical.

3. The conditional covariance of stock returns with durable consumption growth is high
(low) when nondurable consumption growth is high (low) relative to durable con-
sumption growth. Stock returns tend to be unexpectedly low (high) during recessions

(booms).
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Table 1: Descriptive Statistics

Variable Mean Std Dev Autocorr Correlation
(%) (%) Market SMB HML Nondurables
Market 1.880 8.186 0.048
SMB 0.508 5.580 -0.034  0.423
HML 1.089 5.543 0.154  -0.386 -0.143
Nondurables 0.513 0.542 0.282 0.281 0.130 0.004
Durables 0.915 0.535 0.875  -0.110 -0.038 0.036 0.192

Notes: The table reports the mean, the standard deviation, and the first-order autocorre-

lation of the excess market return, the SMB return, the HML return, and nondurable and

durable consumption growth. It also reports the correlation between these variables.
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Table 2: Estimation of Linear Factor Models with the Fama-French Portfolios
Factor Price CAPM Fama-French CCAPM Durable Model

No FOC FOC

Market 2.659 4.319
(0.829) (0.983)
SMB -0.621
(1.274)
HML 6.225
(1.323)
Nondurables 105.619  122.345 148.855
(23.555) (22.084) (16.417)
Durables 197.139  203.264
(39.342) (40.498)
Y 319.484  352.119
(46.222) (48.000)
a (if p=0) 0.619 0.579
(0.062)  (0.048)
MAE (%) 0.654 0.257 0.329 0.198 0.192
R? -0.892 0.658 0.382 0.770 0.773
J-test 62.998 51.503 52.475 36.475  43.386
(0.000) (0.000) (0.001)  (0.037)  (0.009)

Notes: The table reports the estimated factor risk prices for the CAPM, the Fama-French
three-factor model, the CCAPM, and the durable consumption model. It reports two esti-
mates of the durable consumption model, with and without the intratemporal FOC as an
additional moment restriction. The test assets are the 25 Fama-French portfolios sorted by
size and book-to-market equity. Estimation is by two-step GMM. HAC standard errors in
parentheses. The mean absolute pricing error (MAE) and R? are based on the first-stage

estimate. The p-value for the J-test (test of overidentifying restrictions) in parentheses.
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Table 3: Estimation of Linear Factor Models without the Small Growth Portfolio

Factor Price

CAPM Fama-French CCAPM

Durable Model

No FOC FOC
Market 3.023 3.767
(0.781) (1.004)
SMB -0.349
(1.292)
HML 5.935
(1.337)
Nondurables 138.188  158.887  160.937
(26.764) (23.256) (17.003)
Durables 179.757  127.783
(47.592) (21.464)
0 338.644  288.720
(54.980) (37.017)
a (if p = 0) 0532 0.444
(0.072)  (0.024)
MAE (%) 0.577 0.220 0.293 0.197 0.198
R? -0.693 0.740 0.485 0.805 0.805
J-test 51.952 43.025 38.217 32.291 12.600
(0.001) (0.003)  (0.024)  (0.073)  (0.960)

Notes: The test assets are 24 of the Fama-French portfolios, excluding the small growth

portfolio (i.e. smallest size and lowest book-to-market equity). See notes to Table 2.
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Table 4: Average Returns and Consumption Betas for the Fama-French Portfolios

Book-to-Market Equity
Size Low 2 3 4 High High—Low

A. Average Excess Return (%)

Small 1.121 2448 2531 3.160 3.464 2.343
2 1.458 2225 2.716 2.929 3.150 1.692
3 1.707 2.345 2.313 2.756 2.937 1.230
4 1.896 1.797 2417 2.568 2.725 0.829
Big 1.686 1.652 2.015 1.987 2.140 0.454

Small-Big -0.565 0.796 0.516 1.173 1.324

B. Nondurable Consumption Beta

Small 6.425 6.635 6.386 6.309 7.149 0.724
2 6.164 5.621 5.940 6.209 6.726 0.561
3 5.709  5.693 5.601 5.883 6.660 0.951
4 5.302 4.692 5.105 5.863 5.780 0.477
Big 5.063 3.942 3.572 4.719 4.533 -0.530

Small-Big 1.362 2.693 2.814 1.590 2.616

C. Durable Consumption Beta

Small -0.444 -0.030 0.675 1.253 1.396 1.840
2 -1.108 -0.044 0.869 0.668 0.710 1.818
3 -0.612  0.035 0.502 0.868 0.925 1.537
4 -0.083 -0.407 0.249 0.931 0.861 0.943
Big 0.204 -0.141 0.471 0.730 0.461 0.257

Small-Big -0.649 0.111 0.204 0.523 0.935

Notes: Panel A reports average excess returns (per quarter) on the 25 Fama-French portfolios
sorted by size and book-to-market equity. Panels B and C report nondurable and durable
consumption betas, implied by the first-stage GMM estimate of the durable consumption
model. The last row reports the difference between small and big stocks, and the last column

reports the difference between high and low book-to-market stocks.
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Table 5: Estimation of Linear Factor Models with Portfolios Sorted by Book-to-Market
Equity within Industry
Factor Price CAPM Fama-French CCAPM Durable Model
No FOC FOC

Market 3.122 4.021
(0.728) (1.026)
SMB 0.494
(1.280)
HML 5.146
(1.309)
Nondurables 111.389  113.942 82.188
(13.151) (12.918)  (5.802)
Durables 106.582  129.969
(18.062) (12.237)
ol 220.523  212.157
(21.601) (16.630)
a (if p=0) 0.486 0.616
(0.052)  (0.017)
MAE (%) 0.624 0.354 0.424 0.314 0.341
R? -0.007 0.579 0.519 0.688 0.658
J-test 41.834 32.293 27.102 28.125  35.251
(0.009) (0.055) (0.252)  (0.172)  (0.049)

Notes: The test assets are 24 portfolios sorted by book-to-market equity within industry.
Portfolios are formed by first sorting stocks into 8 industries, then sorting into 3 levels of
book-to-market equity (breakpoints of 30th and 70th percentiles) within each industry. See
notes to Table 2.
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Table 6: Average Returns and Consumption Betas for Portfolios Sorted by Book-to-Market

Equity within Industry

A. Average Return (%)

B. Nondurable Beta

C. Durable Beta

Book-to-Market Equity

Industry Low Med High Low Med High Low  Med High
Manufacturing;:

Nondurables  1.904 2.271 2.817  4.088 4.401 5.225 0.533  0.394  0.457

Durables 1.727 2.396 3.746 5.358 5.595 8.151 -1.184 -0.418 1.691

Other 1.516 1.894 2.664  4.822 3.749 4.982  -0.132 0.488 1.565
Retail:

Nondurables  1.961 2.627 2.522 5470 4.686 4.959  -0.679 -0.381 -0.107

Durables 2.260 2.049 3.480 5412 5712 5943  -0.902 -1.402 -0.922
Services 1.670 1.298 2.182 4.104 3.191 5429  -1.376 -0.674 0.806
Finance 1.527 2.586 3.117 4508 5.035 4.492  -0.567 0.302 0.400
Natural Resource 0.277 1.627 2.928 1.632 3.470 4.732  -0.666 0.789 2.185

Notes: Panel A reports average excess returns (per quarter) on 24 portfolios sorted by

book-to-market equity within industry. Panels B and C report nondurable and durable

consumption betas, implied by the first-stage GMM estimate of the durable consumption

model. See notes to Table 5 for details on portfolio formation.
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Table 7: Estimation of Linear Factor Models with Portfolios Sorted by Market and HML
Betas

Factor Price CAPM Fama-French CCAPM Durable Model
No FOC FOC

Market 2.545 5.121
(0.647) (1.012)
SMB -4.569
(1.859)
HML 4.989
(1.459)
Nondurables 143.673  147.880  136.495
(21.288) (22.017) (15.394)
Durables 83.499  103.762
(27.213) (19.065)
ol 231.379  240.257
(32.741) (32.560)
a (if p = 0) 0.362  0.434
(0.087)  (0.029)
MAE (%) 0.518 0.257 0.328 0.232 0.262
R? -1.783 0.305 -0.053 0.473 0.311
J-test 24.641 18.355 28.806 29.761  39.878
(0.425) (0.685)  (0.228)  (0.156)  (0.022)

Notes: The test assets are 25 portfolios formed by independently sorting stocks into quintiles

based on pre-formation market and HML betas. See notes to Table 2.
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Table 9: GMM Estimation of the Conditional Euler Equation with Stock Returns and In-

struments

Parameter A. Without T-bill B. With T-bill
No FOC FOC No FOC FOC
¥ 478.467  337.678 158.861  114.309
(32.289) (20.012) (12.221) (12.887)
p 1.000 -0.080 -3.053 -0.829
(0.316)  (0.063) (1.664)  (0.111)
o) 0.651 0.661 0.491 0.165
(0.017)  (0.007) (0.129)  (0.006)
I6; 2.193 1.660
(0.107)  (0.095)
Test for p=1—~v 216.778  283.505 166.341 76.010
(0.000)  (0.000) (0.000)  (0.000)
J-test 36.235  42.123 62.738  90.191
(0.110)  (0.133) (0.001)  (0.000)

Notes: The test assets are the CRSP value-weighted portfolio, the small stock portfolio,
the big stock portfolio, the high book-to-market portfolio, the low book-to-market portfolio,
and the 90-day T-bill (only in Panel B). The instruments are second lags of nondurable and
durable consumption growth, the log dividend-price ratio, the value spread, the yield spread,

and a constant. See notes to Table &.
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Table 10: Conditional Mean and Variance of Stock Returns
Instrument Market Size BE/ME

Small Big High Low
A. Conditional Mean

Nondurables 1.347 2.131 1.493 2.269 1.612
(0.601) (1.059) (0.625) (0.876) (0.883)
Durables -1.459 -1.661 -1.652 -1.841 -1.395
(0.666) (0.997) (0.656) (0.751) (0.966)
Dividend-Price  0.024  0.027  0.021 0.029  0.020
(0.013) (0.019) (0.013) (0.014) (0.018)
Value Spread 0.036 0.050 0.034 0.040 0.051
(0.015) (0.026) (0.016) (0.020) (0.024)
Yield Spread 0.531  0.643 0.567  0.567  0.571
(0.285) (0.449) (0.290) (0.361) (0.406)

B. Conditional Variance
Nondurables 0.193 -0.702 0.035 -0.471 -0.081
(0.076) (0.187) (0.069) (0.131) (0.148)
Durables -0.217  0.181 -0.210 -0.024 -0.060
(0.089) (0.169) (0.080) (0.106) (0.156)
Dividend-Price ~ 0.002 -0.002 ~ 0.002  0.002  0.000
(0.002) (0.004) (0.002) (0.003) (0.003)
Value Spread 0.005 0.011 0.006 0.008 0.013
(0.002) (0.006) (0.002) (0.004) (0.005)
Yield Spread -0.056  -0.027 -0.038 -0.052 -0.013
(0.049) (0.084) (0.045) (0.056) (0.080)

Notes: The table reports the conditional mean and variance of excess returns on the CRSP
value-weighted portfolio, the small stock portfolio, the big stock portfolio, the high book-to-
market portfolio, and the low book-to-market portfolio. The conditional mean (variance) is
estimated from a regression of returns (squared innovation to returns) onto the instruments.
The instruments are lags of nondurable and durable consumption growth, the log dividend-
price ratio, the value spread, the yield spread, and a constant. Estimation is by two-step
GMM. HAC standard errors in parentheses. Coefficients significant at the 5% level are in
bold. b3



Table 11: Conditional Covariance of Stock Returns with Consumption Growth
Instrument Market Size BE/ME
Small Big High Low

A. Nondurable Consumption

Nondurables 0482 -0217 -0.363  0.074  -0.656
(0.310) (0.567) (0.317) (0.481) (0.483)
Durables -0.333  -0.423 -0.510 -0.740 -0.266

(0.312) (0.537) (0.310) (0.422) (0.481)
Dividend-Price  0.018 0.034 0.022 0.036 0.023
(0.007) (0.013) (0.008) (0.011) (0.011)
Value Spread 0.033 0.047 0.038 0.047 0.047
(0.012) (0.022) (0.012) (0.018) (0.019)
Yield Spread -0.110  -0.089  -0.137 -0.159  -0.082
(0.129) (0.190) (0.130) (0.161) (0.180)

B. Durable Consumption
Nondurables 0.899 0.912 0.867 0.876 1.046
(0.244) (0.511) (0.253) (0.405) (0.406)
Durables -0.532 -0.487 -0.526 -0.449 -0.503
(0.312) (0.514) (0.304) (0.371) (0.475)
Dividend-Price ~ 0.002 -0.006 -0.002 -0.006 -0.003
(0.006) (0.010) (0.006) (0.008) (0.009)
Value Spread 0.000  0.001 -0.003 -0.004  0.002
(0.008) (0.014) (0.008) (0.010) (0.013)
Yield Spread 0.283 0.329 0.317 0.326 0.296
(0.112) (0.186) (0.114) (0.141) (0.166)

Notes: The table reports the conditional covariance of excess returns with (A) nondurable
and (B) durable consumption growth. The conditional covariance, reported in percent, is
estimated from a regression of consumption growth times the innovation to returns onto the

instruments. See notes to Table 10.
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Table 12: Variance Decomposition of Expected Stock Returns

Return Mean Std Dev Autocorr % of Variance due to

(%) (%) Nondurables Durables Covariance
Market 1.712 1.584 0.659 33.154 97.539 -30.693
Small 2.490 1.891 0.623 47.415 85.011 -32.427
Big 1.901 1.660 0.661 39.602 94.816 -34.418
Small—Big 0.589 0.429 0.695 79.108  126.971 -106.079
High BE/ME 2.502 1.908 0.610 53.546 75.730 -29.276
Low BE/ME  1.948 1.775 0.632 44.657 96.767 -41.425
High—Low 0.554 0.628 0.825 128.087 24.691 -52.779

Notes: The table reports the mean, the standard deviation, and the first-order autocorre-

lation of expected excess returns (per quarter) on the CRSP value-weighted portfolio, the

small stock portfolio, the big stock portfolio, the high book-to-market portfolio, and the low

book-to-market portfolio. It also reports a decomposition of the variance into the part due

to nondurables premium, durables premium, and the covariance between the two premia.
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Figure 1: Marginal Utility of Nondurable Consumption.
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Figure 2: Price and Stock of Durables Relative to Nondurables. The figure is a
time series plot of (1) the price of durables as a ratio of the price of nondurables and (2)
the real stock of durables as a ratio of real nondurable consumption. The sample period is

1951:1-2001:4, and the shaded regions are NBER recessions.
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(a) Nondurable Consumption and Durables Stock Growth
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Figure 3: Nondurable and Durable Consumption Growth. The figure is a time series
plot of (a) the real growth rates of nondurable consumption and the stock of durables and

(b) the difference in the growth rates. See notes to Figure 2.
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Figure 4: Components of Nondurable and Durable Consumption Growth. The

figure is a time series plot of (a) the real growth rates of nondurable, food, and housing

consumption and (b) the real growth rates of the stock of durables, motor vehicles, and

furniture and appliances. The sample period is 1959:1-2001:4, and the shaded regions are

NBER recessions.
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Figure 5: Realized vs. Predicted Returns for the Fama-French Portfolios. The

figure plots realized versus predicted excess returns (per quarter) for the 25 Fama-French

portfolios sorted by size and book-to-market equity. The estimated models are (a) the

CAPM, (b) the Fama-French three-factor model, (c) the CCAPM, and (d) the durable

consumption model.
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Figure 6: Time Variation in the Market Premium. The figure is a time series plot
of expected excess returns on the CRSP value-weighted portfolio. The sample period is

1951:1-2001:3, and the shaded regions are NBER recessions.
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The figure is a time series plot of the expected

riskfree rate implied by the durable consumption model when (a) the EIS is restricted to be

the inverse of risk aversion and (b) the EIS is unrestricted. See notes to Figure 6.
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