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a b s t r a c t

We examine the evidence on excess stock return predictability in a Bayesian setting in which the investor
faces uncertainty about both the existence and strength of predictability. When we apply our methods
to the dividend-price ratio, we find that even investors who are quite skeptical about the existence of
predictability sharply modify their views in favor of predictability when confronted by the historical time
series of returns and predictor variables. Correctly taking into account the stochastic properties of the
regressor has a dramatic impact on inference, particularly over the 2000–2005 period.

© 2015 Published by Elsevier B.V.

1. Introduction

In this study, we evaluate the evidence in favor of excess stock
return predictability from the perspective of a Bayesian investor.
We focus on the case of a single predictor variable to highlight the
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complex statistical issues that come into play in this deceptively
simple problem.

The investor in ourmodel considers the evidence in favor of the
following linear model for excess returns:
rt+1 = α + βxt + ut+1, (1)
where rt+1 denotes the return on a broad stock index in excess
of the riskfree rate, xt denotes a predictor variable, and ut+1 the
unpredictable component of the return. The investor also places a
finite probability on the following model:
rt+1 = α + ut+1. (2)
Namely, the investor assigns a prior probability q to the state of
the world in which returns are predictable (because the prior on
β will be smooth, the chance of β = 0 in (1) is infinitesimal),
and a probability 1 − q to the state of the world in which returns
are completely unpredictable. In both cases, the parameters are
unknown. Thus our model allows for both parameter uncertainty
and ‘‘model uncertainty.’’2

2 However, note that our investor is Bayesian, rather than ambiguity
averse (e.g. Chen and Epstein, 2002). Our priors are equivalent to placing a
point mass on β = 0 in (1).
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Allowing for a non-zero probability on (2) is one way in which
we depart from previous studies. Previous Bayesian studies of re-
turn predictability allow for uncertainty in the parameters in (1),
but assume uninformative priors (Barberis, 2000; Brandt et al.,
2005; Johannes et al., 2002; Skoulakis, 2007; Stambaugh, 1999).
As Wachter (2010) shows, flat or nearly-flat priors imply a de-
gree of predictability that is hard to justify economically. Other
studies (Kandel and Stambaugh, 1996; Pastor and Stambaugh,
2009; Shanken and Tamayo, 2012;Wachter andWarusawitharana,
2009) investigate the impact of economically informed prior be-
liefs. These studies nonetheless assume that the investor places a
probability of one on the predictability of returns. However, an in-
vestor who thinks that (2) represents a compelling null hypothesis
will have a prior that places some weight on the possibility that
returns are not predictable at all.

Our work also relates to the Bayesian model selection methods
of Avramov (2002) and Cremers (2002). In these studies, the
investor has a prior probability over the full set of possible
linear models that make use of a given set of predictor variables.
Thus the setting of these papers is more complex than ours in
that many predictor variables are considered. However, these
papers also make the assumption that the predictor variables are
either non-stochastic, or that their shocks are uncorrelated with
shocks to returns. These assumptions are frequently satisfied in
a standard ordinary least squares regression, but rarely satisfied
in a predictive regression. In contrast, we are able to formulate
and solve the Bayesian investor’s problem when the regressor is
stochastic and correlated with returns.

When we apply our methods to the dividend-price ratio, we
find that an investor who believes that there is a 50% probability
of predictability prior to seeing the data updates to a 86% posterior
probability after viewing quarterly postwar data. We find average
certainty equivalent returns of 1% per year for an investor whose
prior probability in favor of predictability is just 20%. For an
investor who believes that there is a 50/50 chance of return
predictability, certainty equivalent returns are 1.72%.

We also empirically evaluate the effect of correctly incorporat-
ing the initial observation of the dividend-price ratio into the like-
lihood (the exact likelihood approach) versus the more common
conditional likelihood approach. In the conditional likelihood ap-
proach, the initial observation of the predictor variable is treated as
a known parameter rather than as a draw from the data generat-
ing process. We find that the unconditional risk premium is poorly
estimated when we condition on the first observation. However,
when this is treated as a draw from the data generating process,
the expected return is estimated reliably. Surprisingly, the poste-
rior mean of the unconditional risk premium is notably lower than
the sample average.

Finally, when we examine the evolution of posterior beliefs
over the postwar period, we find substantial differences between
the beliefs implied by our approach, which treats the regressor
as stochastic and realistically captures the relation between the
regressor and returns, and beliefs implied by assuming non-
stochastic regressors. In particular, our approach implies that the
belief in the predictability of returns rises dramatically over the
2000–2005 period while approaches assuming fixed regressors
imply a decline. We also evaluate out-of-sample performance over
the postwar period, and show that our method leads to superior
performance bothwhen comparedwith a strategy basedon sample
averages, and when compared with a strategy implied by OLS
regression.

The remainder of the paper is organized as follows. Section 2
describes our statistical method and contrasts it with alternative
approaches. Section 3 describes our empirical results. Section 4
concludes.

2. Statistical method

2.1. Data generating processes

Let rt+1 denote continuously compounded excess returns on
a stock index from time t to t + 1 and xt the value of a (scalar)
predictor variable. We assume that this predictor variable follows
the process

xt+1 = θ + ρxt + vt+1. (3)

Stock returns can be predictable, in which case they follow the
process (1), or unpredictable, inwhich case they follow the process
(2).3 In either case, errors are serially uncorrelated, homoskedastic,
and jointly normal:
ut+1
vt+1


| rt , . . . , r1, xt , . . . , x0 ∼ N (0, Σ) , (4)

and

Σ =


σ 2
u σuv

σuv σ 2
v


. (5)

As we show below, the correlation between innovations to returns
and innovations to the predictor variable implies that (3) affects
inference about returns, even when there is no predictability.

When the process (3) is stationary, i.e. ρ is between −1 and 1,
the predictor variable has an unconditional mean of

µx =
θ

1 − ρ
(6)

and a variance of

σ 2
x =

σ 2
v

1 − ρ2
. (7)

These follow from taking unconditional means and variances on
either side of (3). Note that these are population values conditional
on knowing the parameters. Given these, the population R2 is
defined as

Population R2
=

β2σ 2
x

β2σ 2
x + σ 2

u
.

2.2. Prior beliefs

The investor faces uncertainty both about the model (i.e.
whether returns are predictable or not), and about the parameters
of the model. We represent this uncertainty through a hierarchical
prior. There is a probability q that investors face the distribution
given by (1), (3) and (4).We denote this state of theworldH1. There
is a probability 1 − q that investors face the distribution given by
(2)–(4). We denote this state of the world H0. As we will show, the
stochastic properties of x have relevance in both cases.

The prior information on the parameters is conditional on Hi.
Let

b0 = [α, θ, ρ]
⊤

3 The model we adopt for stock return predictability is assumed by Kandel and
Stambaugh (1996), Campbell andViceira (1999), Stambaugh (1999), Barberis (2000)
and many subsequent studies. The idea that the price-dividend ratio can predict
returns is motivated by present-value models of prices (see Campbell and Shiller,
1988). We have examined the possibility of adding lagged returns on the right
hand side of both the return and the predictor variable regression; however the
coefficients are insignificant.
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