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1 Introduction

The empirical finance literature documents various anomalies in stock returns, that is, stocks
are mispriced relative to benchmarks implied by such classic asset pricing models as CAPM,
Consumption CAPM, Intertemporal CAPM, and Arbitrage Pricing Theorem (APT). For example,
both the momentum strategy, characterizing the short-term price continuation, and the contrarian
strategy, characterizing the long-term price reversal, generate significant profits, and the
profitability of the two return-based investment strategies have defied the typical asset pricing
models (DeBondt and Thaler, 1985; Jegadeesh and Titman, 1993; Fama and French, 1996).
However, as Fama (1970) points out, the test of the market-efficiency hypothesis faces a “joint
hypothesis test” problem so that a significant test statistic does not necessarily imply a rejection
of the market-efficiency hypothesis. As a result, the documented anomalies may only serve as a
rejection of the particular asset pricing model specifications used in the test rather than as an

outright rejection of the market-efficiency hypothesis.

In this paper I propose a reduced form asset pricing model that features linear betas and risk
premiums and allows for missing priced factors at the same time. While controlling for linear-in-z
betas and risk premiums with lagged macro instruments in the model, I difference the intercepts
across two subperiods to cancel out the time-invariant effects of the missing factors. Notably, the
intercept difference does not vary with the macroeconomic variables and serves as a clean measure
of mispricing — the measure is free from both the missing factor bias and the missing instrument
bias, both of which have been plaguing the empirical asset pricing tests. Applying the model to
U.S. monthly stock returns for 1927-2005, I find evidence of mispricing. Moreover, I document that
momentum and contrarian strategies are related to the mispricing measure and that time-varying

betas reduce the mispricing by half or better.

The main innovation of this paper is to use differences in intercepts across two subperiods to
measure mispricing. The intuition is as follows. Given a linear factor model with missing priced
factors, a general time-varying intercept contains the missing factor premiums multiplied by the
partial betas of the left-hand-side assets, conditional on the included factors. The intercept also
contains the “true” alpha or mispricing. If the missing risk premiums and conditional betas are

both time-varying and linear in the measured lagged instruments, a quadratic form in the lagged



instruments should pick them up, leaving the constant components of the missing factor premiums
(and mispricing) in the intercepts. Therefore, by comparing the intercepts across two subperiods for
a given left-hand-side asset, I take out the constant components and isolate time-varying mispricing,

if any, in the intercept difference.

Specifically, within the framework of conditional linear asset pricing models with time-varying
risk premiums (and time-varying betas), I separate the set of theoretically true factors into two
subsets, one for known factors used in empirical studies and the other for missing factors, and
then instrument the subset of missing factors with predetermined macroeconomic variables. I
analytically show that the intercept of this reduced-form model contains both a potential source of
mispricing and a risk-based component related to the constant part of beta risks and risk premiums.
I then show that the difference in the intercepts of two subperiods filters out the constant risk-
based component and contains only the share of (time-varying) mispricing, if any. Moreover, I
analytically show that the intercept difference is robust to the choice of macroeconomic variables

as instruments for missing priced factors.

I apply this model to examine the profitability of two popular return-based investment strategies
using both firm- and portfolio-level returns. The evidence suggests that the mispricing measure
is responsible for part of the momentum profits, and to a lesser degree, the contrarian profits as
well. In particular, a zero-dollar investment strategy based on the differences in two intercepts, one
corresponding to the momentum horizon and the other to the adjacent contrarian horizon, generates
stable and significant profits over the period of February 1932 to August 2005 and its subperiods.
If using firm-level returns to estimate the intercepts, the holding-period returns of such a strategy
average at around 0.75% per month or 9% per annum; if using Fama-French value/size/industry
portfolio returns to estimate the intercepts, the payofls of such a strategy average between 5% and
6% per annum. Moreover, the profits of this combined strategy cannot be explained by the Fama-
French factors, momentum and liquidity effects: the factor-adjusted payoffs remain significantly

positive in both statistical and economic magnitudes.

This paper makes several contributions to the finance literature. On the analytical side, 1
develop a clean of measure of mispricing in the framework of a reduced-form asset pricing model

that incorporates both time-varying risk premiums and time-varying betas and allows for missing



priced factors. This measure is free from the omitted-variable bias that often accompanies a typical
asset pricing model. Therefore, empirical studies structured on the basis of this mispricing measure
go one step further toward overcoming the “joint hypothesis test” problem (Fama, 1970). On the
empirical side, I find clear evidence that part of the momentum profits come from a mispricing
component, so do the contrarian profits (with weaker evidence). This finding has implications
for the theoretic reasoning of the momentum phenomenon and the contrarian phenomenon. Also,
my study suggests the presence of mispricing in linear asset pricing models, raising a caution flag
about using such models in fitting/explaining cross-sectional returns. One potential solution is
to introduce non-linearity into the asset pricing framework and develop nonlinear factor models
(e.g., Kraus and Litzenberger, 1976; Bansal and Viswanathan, 1993; Leland ,1998; Harvey and
Siddique, 2000; Dittmar, 2002). Recently, Brandt and Chapman (2008) show that the mispricing
derived from the error of approximating a modestly nonlinear risk premium in a conditional asset

pricing model with a linear function is both statistically and economically significant.

This paper is closely related to the literature of specifying and estimating conditional
factor models by instrumenting time-varying betas and/or time-varying factor loadings with
macroeconomic variables. Along this line of conditional models with macro instruments, both
Ferson and Harvey (1999), who focus on equity portfolios, and Avramov and Chordia (2006), who
study single stocks, document the presence of mispricing component in expected stock returns.
My model shares certain common features of the two models and I obtain similar evidence but
with significant distinctions. Particularly, Ferson and Harvey (1999) name the part of returns
not explained by their empirical factors as the “time-varying alpha” or “conditional alpha”
to characterize the alpha’s comovement with macroeconomic variables, and they find that the
conditional alpha helps explain the momentum effect. Avramov and Chordia (2006) report that
the momentum effect is captured by model mispricing that varies with macro variables. In contrast,
I carefully distinguish the mispricing component from the factor-related component in the “time-
varying alpha”, and I show evidence that the momentum effect is partially caused by the mispricing

source of asset pricing that does not vary with the macro variables.!

'Below we summarize other key differences between our model and Ferson and Harvey’s (1999) or Avramov
and Chordia’s (2006) model. Specifically, Ferson and Harvey develop a conditional asset pricing model with both
betas and alphas varying over time as linear functions of predetermined macroeconomic variables and find that the
conditional version of the commonly used Fama and French’s (1993) three-factor model does not explain the cross-



This paper is also related to Lewellen and Nagel (2006) and Brennan and Wang (2009). Lewellen
and Nagel examine whether the CAPM with time-varying betas can explain important asset-pricing
anomalies. By using direct time-series estimates of conditional alphas and betas from short-window
regressions and focusing on the intercept tests, they show that the conditional CAPM cannot explain
the anomalies like momentum and the value premium. Brennan and Wang develop a model to
show that expected stock returns depend both on the fundamental risk captured by a standard
asset pricing model and on the asset mispricing. They report empirical evidence that the return
bias induced by mispricing is significantly associated with various factor-adjusted returns. I include
both time-varying betas and time-varying risk premiums in the model, and I derive a reduced-form
asset-pricing framework that allows for missing priced factors. By structuring the empirical analysis
around the intercepts, more precisely the intercept differences, I find that there exists mispricing
in linear asset pricing models and that the mispricing is one source of the momentum phenomenon

and the contrarian phenomenon.

The remainder of the paper proceeds as follows. Section 2 develops the clean measure of
mispricing in the framework of a reduced form asset pricing model that features linear betas and
risk premiums and incorporates missing priced factors. Section 3 discusses empirical models and
empirical strategies used in the study. Section 4 implements a zero-dollar investment strategy based
only on the mispricing measure. I apply the strategy to study profit sources of two popular return-
based investment strategies and find that both momentum and contrarian profits are partially due
to the model mispricing. I also report that this investment strategy, if interacting momentum and
contrarian effects, yields highly significant profits that remain robust to the control for market,

size, value, momentum and liquidity factors. Section 5 concludes.

section of size and book-to-market sorted portfolios. Notably, Ferson and Harvey do not incorporate time-varying
risk premiums into their conditional asset pricing model. In contrast, we do and we focus primarily on stock-level
returns. Avramov and Chordia (2006) build a conditional asset pricing framework in which stock-level betas vary
over time with firm-level size and book-to-market ratios as well as with macroeconomic variables. They focus on the
cross-sectional regressions and find that their model with the time-varying betas often explains the size and value
effects but not the momentum effect. Although our model and Avramov and Chordia’s model are both primarily
used to study stock-level returns, we derive an asset pricing framework that is largely free from the omitted-variable
bias and we focus on the time-series intercept tests.



2 Theory

Consider a general K-factor linear asset pricing model as follows:

K
Tt = E(""it‘ztfl) + Z Bik,t{Fkt - E(Fkt|2t71)} + €it, (1)
k=1
with
K
E(rilzi-1) = oa+ Z BiktAkt(21-1), and (2)
k=1
Met(2t-1) = E(Fgt|z1-1). (3)

Here, r;; is stock i’s period-t return in excess of the one-month Treasury bill rate, z;—1 is the vector
of macroeconomy-related common information variables at ¢t — 1, Bz ¢ is the (conditional) beta of
the return r;; on factor Fj;, Mg is the risk premium on factor k, and «; is a firm-specific return
component not related to any systematic risk. Equation (1) identifies a stock’s systematic risk
Bik,+ through a linear regression of the unexpected stock returns on the unanticipated components
of the risk factors. Equation (2) links the stock’s expected returns to these systematic risks and
their associated risk premiums as well as to the possible reward for firm-specific risks. In theory,
a rational exact asset pricing model implies that the firm-specific component «;; equals zero, that
is, the nonsystematic risk is not rewarded. However, this theoretic restriction may not always hold
true in other types of theoretic models or in the data. Here we do not take a stand on which
type of theory better explains the data; rather, we choose to let the data speak for themselves and
include this firm-specific component in the expected returns. Equation (3) says that the factor risk
premiums are equal to the expected factor means, which is only true if the factors are portfolio

returns. Combining equations (1), (2), and (3), we obtain the following multi-factor model:

K
rit = i+ Y BikaFrt + i = o + B Fy + €ar. (4)
k=1



2.1 Asset Pricing Models With Constant and Time-Varying Betas

Because in empirical studies we do not know what exactly are the true factors F', we typically select
some proxies suggested by theory. Denote by G the set of g factors used in empirical studies and by
H the set of h missing factors, respectively. Note that ¢ + h = K. For the sake of illustration, we
assume that the subset of H factors is orthogonal to the subset of G factors. (If not, we can always
orthogonalize the two subsets of factors in theory.) Then, G and H are two mutually exclusive
subsets of F, and the union of the two subsets is F'. We then have ﬁl’.Ftht = ﬁ£G7th + 62H7th.

Consequently, the true asset pricing model as specified in equation (4) becomes

rit = it + Big 1 Gr + Bip He + i (5)

As in Ferson and Harvey (1991) and Jagannathan and Wang (1996), among others, we assume
the risk premiums of the missing factors H to be time-varying and model the premiums as linear

functions of J macroeconomic variables, z;_1:?

J
At = Qo + Apzi—1 = apo + Zakaj,tfl for k=1,2,...,h, (6)

j=1
where the coefficient vector aj, characterizes the time-varying part of the risk premium of the k"
missing factor related to the macroeconomy, and the intercept apy measures the constant part of
the risk premium of the k** missing factor. In the special case of constant risk premiums, the
coefficient vector ay is equal to zero. With equation (6), we essentially use the set of observed
macroeconomic variables as instruments for the unobserved missing factors H. Accordingly, we

can express H as follows:

H; =ap+ az—1 + ey, (7)

where ag is an h x 1 vector of intercepts representing the constant part of the risk premiums, « is an
h x J matrix of predictive coefficients characterizing the time-varying part of the risk premiums, and

the error term e; has the property that it has zero mean conditional on the set of macroeconomic

2Here, we do not consider the missing instrument problem. That is, we assume z;_; to represent the complete set
of macroeconomic variables that are able to capture the time-variations in the missing risk premiums. In Section 2.2,
Proposition 3 in particular, we analytically show that the main result holds even in the case of missing instruments.



variables, that is, Ele:|z:—1] = 0 for any t.

Proposition 1 If the factor betas are constant, that is, Bixs = B, for k = 1,2,..., K and any t,

then we can rewrite the asset pricing model (equation (5)) as follows:

rit = Cit + Yizi—1 + BicGr + Mty (8)
where
cir = i+ Bigao, 9)
vi = d'Bin, and (10)
Nt = Biger+ it (11)

Note that, as equation (10) shows, the coefficients ~; of equation (8) are cross-sectionally
restricted. Tts j** element vij = (d'Bin); = zgzl Bikaks, j = 1,2,...,J. The betas of the missing
factors (;p are not identified in this asset pricing model as specified in equation (8). Moreover, as
equation (9) shows, the intercept of equation (8), ¢;;, contains two parts, the firm-specific component

a;; and the missing factor-related component /3 ao.

Empirical asset-pricing studies document substantial evidence of time-varying factor betas and
typically model the time-varying betas as linear functions of the macroeconomic variables (see,
e.g., Harvey, 1989; Shanken, 1990; Ferson and Harvey, 1991, 1999; Jagannathan and Wang, 1996).
Following the literature, below we specify the evolution dynamics of the betas of the identified

factors G and that of the missing factors H, respectively:

Bict = bigo+bigz—1, and (12)

Birt = bimo+bimzi—1. (13)

In equations (12) and (13), the relations over time between the lagged instruments and the betas
are assumed to be fixed linear functions as b;c and b;y are fixed coefficients. However, this is an
innocuous assumption as we estimate the models on a moving estimation window, thus relaxing

the restriction of fixed linear relations (see also Ferson and Harvey, 1999).



Proposition 2 If the time-varying factor betas evolve as specified in equations (12) and (13), then

we can rewrite the asset pricing model (equation (5)) as follows:

Tit = Cit +Yize—1 + Vi oGt + (bicze—1)'Gi + 21 Mize 1 + mit, (14)
where
cit = it + biggao, (15)
vi = a'bimo+ bigao, (16)
M; = bya, and (17)
nit = (bimo + bimzi—1) et + €t (18)

Proposition 2 highlights that the combination of the time-varying betas and the time-varying
risk premiums renders the asset pricing model (equation (14)) a quadratic function in the macro
instruments but still a linear function in the identified factors. In the reduced-form asset pricing
model (equation (14)), the structural parameters ag,a,b;ro and b;y are not identifiable. Note
that, however, the time-varying-beta asset pricing model and the constant-beta asset pricing model
exhibit similarity. For the time-varying-beta model, the coefficients 7; in equation (14) are again
cross-sectionally restricted through ~; = a’b; Ho+ bg 00, and the time-varying betas of the missing
factors Big = bim,o + bimzi—1 are not identified. Moreover, as equation (15) shows, the intercept
of equation (14), ¢;, contains two parts, the firm-specific component «;; and the constant part of
the missing factor-related component b} 0% Furthermore, the constant-beta asset pricing model
(equation (8)) is clearly a special case of the time-varying-beta asset pricing model (equation (14))
when both b, = 0 and b;y = 0; therefore, for the purpose of expositional convenience, our

subsequent theoretic derivations center around the time-varying-beta model.

2.2 Intercept Differences

It deserves further discussing the intercept in either equation (8) or equation (14). When setting up
the multi-factor asset-pricing model, we allow for the existence of a possible mispricing component,

¢, as one determinant of expected stock returns (equation (2)). Although a rational-expectations



asset pricing model requires a;; = 0 for any asset ¢ and at any time ¢, we choose to let the data
speak for themselves and betray whether this theoretic restriction stands in data. Under the
hypothesis that this theoretic restriction of the rational-expectations asset pricing model is true,
then a;; = 0. Consequently, the intercept ¢; in either equation (8) or equation (14) is only equal to
the constant part of the missing factor-related component, irrespective of whether the factor betas

are time-varying or not.

For empirical asset pricing studies, researchers estimate either the constant-beta model
(equation (8)) or the time-varying-beta model (equation (14)) in a certain estimation window,
typically over 60 months. If we divide the estimation sample into two subperiods, subperiod x
and subperiod y, and allow the two subperiods to have two possibly different intercepts, then

equation (15) immediately yields

Ciz = ozz-r—l—b;Hpao, and (19)

Ciy = iy + biggao, (20)

where ¢;,; and ¢;, are the two intercepts of the time-varying-beta asset pricing model corresponding
to subperiod z and subperiod y, respectively. Like equation (15), the two equations (19) and (20)
show that each of the two intercepts contains both a mispricing component and a missing factor-
related component. Moreover, the factor-related components included in the two intercepts reflect
the constant part of a potentially time-varying missing factor-related component and, thus, remain
the same across the two subperiods. Consequently, subtracting equation (20) from equation (19)

and denoting by c¢; .y the difference between c;, and c;y, we obtain

Ciwy = Ciz — Ciy = Qig — Qjy. (21)

Equation (21) clearly shows that the difference in the two intercepts over the two subperiods of
an estimation window characterizes the difference in the two mispricing components corresponding
to the two subperiods. If the theoretic restriction of the rational asset pricing model holds in the
data, then both o;; = 0 and a;y = 0, S0 ¢j 2y = Ciw — iy = 0. Alternatively, if there is a mispricing

component in determining the expected stock returns and if the mispricing component does not



change over time, that is, oz = oy, then ¢; zy = ¢z — ¢y = 0 again. Therefore, that ¢;; —¢;y =0
is only a necessary but not a sufficient condition of the rational asset pricing model. In empirical
studies, a failure to reject the null hypothesis that c;, = ¢, — ¢, = 0 does not necessarily lend
support to the rational-expectations asset pricing model, nor does the failure refute the existence
of mispricing in asset pricing. However, a rejection of the null hypothesis is a clear signal that there
exists a mispricing component as one determinant of expected stock returns in the framework of
linear asset pricing models. Therefore, we can interpret a nonzero intercept difference as a measure

of mispricing.

A caveat is in order. The intercept difference captures the mispricing component that is varying
over time; the mispricing component that is constant over time will not be captured in the intercept
difference. Also, one may concern the choice of macro variables to instrument the missing time-
varying risk premiums in the reduced form asset pricing model. In particular, what if we leave out
some macro instruments that are critical to characterize the missing time-varying risk premiums?

A further investigation yields the following proposition.

Proposition 3 Let z represent the complete set of measured macro instruments that characterize
the missing time-varying risk premiums and z* a subset of the macro instruments. Denote
respectively by c; and ¢, the two intercepts of the model corresponding to subperiod x and subperiod
y when z* is used in the time-varying-beta asset pricing model (equation (5)). We then obtain

* * — . —_ . — . —_ .
Cip = Ciy = Qliz — Qiiy = Ciz — Ciyy. (22)

Here, we present the proposition for the time-varying-beta asset pricing model. The same result
is easily shown to hold for the constant-beta asset pricing model as the latter is a special case of the
former. Therefore, although the reduced form asset pricing model is still susceptible to the omitted-
variable bias due to missing instruments for time-varying risk premiums, Proposition 3 implies that
the difference in intercepts of two subperiods is free from such omitted-variable bias. Given that
our reduced-form asset pricing model largely circumvents the omitted-variable bias due to missing
priced factors facing a typical factor model specification, the intercept difference of our model is

also free from the omitted-variable bias due to missing instruments and thus serves as a clean
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measure of (time-varying) model mispricing, if any. To this extent, empirical studies structured on
the basis of the intercept difference of our model go one step further toward overcoming the “joint
hypothesis test” problem (Fama, 1970) that usually plagues the empirical asset pricing tests. Also

because of Proposition 3, we do not distinguish z* from z in the following discussions.

3 Empirical Method

We structure our empirical analysis around the difference in intercepts to study the existence of
mispricing component in asset pricing. Note that the difference in intercepts equals zero, i.e.,
¢z — ¢y = 0, is a necessary condition for a rational-expectations asset pricing model. The zero
intercept difference can be consistent with either zero mispricing or constant mispricing. However,
a nonzero intercept difference points to the existence of (time-varying) mispricing in linear asset

pricing models.

We implement a zero-dollar investment strategy based on the differences in intercepts using
both firm- and portfolio-level returns. Under the null hypothesis of no mispricing in asset pricing,
¢z — ¢y = 0 holds for every asset i and at each time ¢. Therefore, if we sort individual assets
into portfolios based on values of each asset’s ¢, — ¢, in the portfolio-formation period, buy the
past winner (loser) portfolio and sell the past loser (winner) portfolio simultaneously, and hold the
relative positions through the investment period, then such a zero-dollar investment strategy should
not be profitable under the null hypothesis. If we instead find the opposite results, then we can
attribute the profitability of such zero-cost investment strategies to the cross-sectional variations in
the intercept differences, which we interpret as evidence favoring the existence of model mispricing
in asset pricing. The investment-strategy-based test also helps expose the economic significance of

the mispricing component to asset pricing.

3.1 Empirical Models

We specify two empirical models for the constant beta case and the time varying beta case,
respectively. Bearing in the mind the investment strategy, we abide the literature to estimate
the two models in a rolling 60-month window. For the constant beta model, we follow equation (8)

to estimate the following regression for each month ¢ and for each asset ¢ (hereafter we suppress

11



the subscript ¢ in the model for notational convenience):

ZCn Tn—i-Z’y]zJT 1‘1‘2@0174‘7777 for 7=1¢—59,. (23)

7j=1
where 7 = t—59, ...,t, D, is the n!* dummy variable that equals 1 for month 7 in the n** subperiod
and 0 otherwise, ¢, is the n* intercept of the regression corresponding to the n* subperiod, N
is the number of subperiods in the estimation window, J and G are the number of predetermined

macroeconomic variables z and empirical factors G used in the regression, respectively.

Likewise, for the time-varying beta model, we base on equation (14) to estimate the following

regression for each month ¢ and for each asset ¢ using the prior 60 months of data:

TT_ZCW, Tn+Z'7]ZjT 1+ZBZG17—+ZZ§ 125, 7— lGlT"‘ZZG 1Zjr—1217—1 1+ N7, (24)

j=11=1 j=11<j

where 7 =t—59,...,t, D, is the n" dummy variable that equals 1 for month 7 in the n*” subperiod
and 0 otherwise, ¢, is the n‘" intercept of the regression corresponding to the nt" subperiod, and
N is the number of subperiods in the 60-month estimation window. Note that the number of
parameters in equation (24) increases exponentially with respect to the number of macroeconomic
variables z and factors GG used in the model. With J macro variables and g factors, there are J x g
parameters associated with the interaction terms between z and G and w + J parameters
associated with the interaction terms between z; and z;. Therefore, the total number of parameters

to be estimated in equation (24) equals N +J+ G+ J x g+ # +J.

We use both firm-level returns and portfolio returns as the dependent variables of either
equation (23) or equation (24). While the firm-level returns are arguably noisy and the estimations
based on firm-level returns may not be precise, the use of portfolio returns should significantly

reduce the impact of noise on the parameter estimations and provide robustness checks.

3.2 Subperiod Selections

One important issue of the empirical tests is the selection of subperiods over which the different

intercepts are defined. To test the hypothesis, we choose to break up the 60-month estimation

12



window into either two subperiods or three subperiods. The choice of the two-subperiod
decomposition is based on empirical findings on the horizons of contrarian and momentum
phenomena. Empirical studies report substantial evidence of return continuation in horizons less
than one year and return reversal in horizons longer than one year (DeBondt and Thaler, 1985;
Jegadeesh and Titman, 1993; Fama and French, 1996). Thus, we divide the 60-month estimation
period into a contrarian period (months ¢ — 59 to ¢ — 12) and a momentum period (months ¢ — 11

to t).

To better study the contrarian and momentum phenomena, we also separate the 60-month
estimation window into three subperiods using two different ways. Because the momentum strategy
with a six-month portfolio-formation period yields the most significant profits and is the most
popularly used in the literature (Jegadeesh and Titman, 1993; Fama and French, 1996), we refine
the momentum period into two subperiods. That is, the first choice of the three-subperiod
decomposition consists of the contrarian period (months ¢ — 59 to ¢t — 12), the less favorable
momentum period (months ¢ —11 to ¢t —6), and the favorable momentum period (months ¢t —5 to t).
Similarly, because the empirical asset pricing literature also finds that the contrarian phenomenon
is more pronounced in horizons of past three to five years (DeBondt and Thaler, 1985; Fama and
French, 1996), we also further cut the contrarian period into two subperiods. As a result, we obtain
another set of three subperiods: the favorable contrarian period (months ¢ — 59 to ¢ — 36), the less
favorable contrarian period (months ¢ — 35 to ¢ — 12), and the momentum period (months ¢ — 11

to t).

3.3 Data

The study uses all NYSE/AMEX/NASDAQ common stocks on the Center for Research in Security
Prices (CRSP) monthly database. (The use of NYSE/AMEX stocks yields similar results.) To
characterize the time-varying risk premium related to business conditions, we use four popular
macroeconomic variables, each lagged by one period, that prior studies have found to predict
future aggregate market returns: dividend yield, term premium, default premium, and short-term
interest rate (e.g., Keim and Stambaugh, 1986; Campbell and Shiller, 1988; Fama and French, 1988,

1989). We define the dividend yield (DIV) as the total dividend payment accrued to the CRSP
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value-weighted market index over the past 12 months divided by the current price level of the
market index. The term premium (TERM) is the yield spread of a ten-year Treasury bond over a
three-month Treasury bill, the default premium (DEF) is the yield spread between Moody’s Baa-
and Aaa- rated bonds, and the short rate (YLD) is the yield on the three-month Treasury bill. We
obtain data from the DRI database to calculate the last three macroeconomic variables related to

interest rates.

Aside from the macro instruments, we use four popular Fama-French factors as independent
variables because the four factors are well documented to have strong power in explaining the
cross-sectional variations in stock returns (Fama and French 1993; Carhart 1997). The four factors
include the return on the CRSP value-weighted market index in excess of the one-month Treasury
bill rate (MKT_RF), the small-minus-big size factor (SMB), the high-minus-low book-to-market
factor (HML), and the top-minus-bottom past-12-month return factor (UMD). Besides firm-level
stock returns, we use Fama-French’s 5x5 value/size portfolios as well as their 30 industry portfolios
as testing assets. The data on Fama-French factors and portfolios are available at Professor French’s
website at Dartmouth. We use Fama-French’s one-month Treasury bill rate as a proxy for the risk-

free rate (RF) to calculate excess returns of both firm-level stocks and stock portfolios.

At the intersection of the above sources of data, the sample covers the period from January
1927 through June 2005 (942 months). Table 1 summarizes the Fama-French factors and the

macroeconomic variables used in the study.

4 Mispricing, Momentum, and Contrarian Profits

As shown in equation (21), the difference between two intercepts of either equation (23) or
equation (24) corresponding to any two different horizons equals the difference in two mispricing
components over the same two horizons. We thus sort stocks into portfolios based on the differences
in intercepts of these different horizons from low (losers) to high (winners). Because the contrarian
strategy can be regarded as a reverse momentum strategy with a longer portfolio-formation horizon,
we implement, in the spirits of a momentum strategy, the zero-dollar investment strategy by buying
the past winners and selling the past losers simultaneously, and holding the zero-dollar positions

for the following k months, where k equals one or six. To reduce the bias from bid-ask bounce,
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we allow a one-month gap between the portfolio-formation period and the portfolio-holding period.
We follow Fama and MacBeth (1973) to report the time-series average values of the raw payoffs
of the momentum strategies. We also adjust the raw payoffs of the momentum strategies with
the Fama-French three factors, the momentum factor and/or the liquidity factor. We calculate
the associated t-statistics using the Newey-West hetereoscedasticity-and-autocorrelation (HAC)

consistent standard errors.

4.1 Momentum Profits

The literature documents that the momentum phenomenon arises from a portfolio formation horizon
of up to one year (Jegadeesh and Titman, 1993; Fama and French, 1996). In order to examine the
relation between the momentum phenomenon and the mispricing component, we choose to focus
on the difference in the two intercepts corresponding to the two momentum subperiods, that is, the
favorable momentum subperiod (months ¢t — 5 to ¢) and the less favorable momentum subperiod
(months ¢ — 11 to ¢ — 6); we do not use the intercept differences involving the intercept of the
contrarian period (months ¢ — 59 to ¢ — 12). Accordingly, we separate the estimation window into
the two momentum subperiods and one contrarian subperiod; ¢; and ¢y are the intercepts of the
two momentum subperiods from recent to distant past, respectively. Table 2, Panel B (Cases Bl
and B2) reports the raw and factor-adjusted payoffs (and associated t-statistics in parentheses) of

the momentum strategy with portfolios formed on the basis of the difference between ¢; and ca.

When the holding period is one month, such ¢; 2-based momentum strategy does not generate
any significant payoffs at all (Case B1). However, if we extend the holding period to six months
which is the favorite investment horizon in the momentum literature, the c;2-based momentum
strategy clearly becomes profitable (Case B2). Using the parameter estimates from the constant
beta model, the ¢ 2-based momentum strategy yields an average profit of 0.296% (t=3.79) per
month, or 3.552% per annum, in the full sample of 02/1932-08/2005; the profit averages at 0.229%
(t=1.66) per month in the pre-1965 subsample. The ¢ 2-based momentum strategy generates even
more significant profits in the post-1964 subsample; the average profit is 0.350% (t=4.08) per month,
or 4.20% per annum. The literature documents that the momentum phenomenon is particularly

strong in the post-1964 period and the profits of the raw return momentum strategy ranges from
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0.8% to 1% per month. Notably, our momentum strategy based on the difference between c;
and ¢y, which arguably characterizes the mispricing component only, yields profits accounting for
about 40% of raw-return based momentum profits. Moreover, two interesting patterns arise from
adjusting returns of the c;2-based momentum strategy with multi-factor models. First, similar
to the finding of Grundy and Martin (2001), the Fama-French three-factor model cannot explain
the significant payoffs of the ¢ 2-based momentum strategy. In fact, such adjusted payoffs become
even larger than the raw payoffs in both magnitude and statistical significance. Second, if we
complement the Fama-French three-factor model with the momentum factor, the adjusted payoffs
of the c1 2-based momentum strategy becomes insignificantly zero. Because the momentum factor
is designed to characterize the momentum anomaly and is constructed from the raw-return-based
momentum strategy, the evidence shows that our ¢ 2-based momentum strategy is truly reflecting

part of the momentum phenomenon documented in the literature.

We obtain qualitatively very similar results if we use the parameter estimates of the time-varying
beta model. Again, the payoffs of the ¢; 2-based momentum strategy are insignificantly zero when
the investment horizon is one month but become significantly positive when the horizon is six
months. The Fama-French three-factor model fails to explain the significant c¢; 2-based momentum
profits; in contrast, the Fama-French four-factor model successfully reduces the significant raw
payoffs of the ¢ 2-based momentum strategy to insignificantly zero. Further, if we combine Case B1
and Case B2 of Panel B, it is clear that the time-varying beta model helps reduce the magnitude
of the payoffs of the c; 2-based momentum strategy by about a half relative to the constant beta
model; this finding suggests that part of the momentum profits is due to the time variation in stock

betas.

Our evidence lends some support to the rationale to link the momentum phenomenon to
mispricing. A body of empirical studies have found that the price momentum is related to
characteristics not typically associated with the priced risk in standard asset pricing models, and
researchers have developed behavioral models to explain the momentum phenomenon (Barberis,
Shleifer, and Vishny 1998; Daniel, Hirshleifer, and Subrahmanyam 1998; Hong and Stein, 1999).
Note that although our paper emphasizes the role of mispricing in explaining/generating the

momentum phenomenon, our paper does not rule out a risk-based explanation. Our evidence
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actually indicates that the time variation in stock betas could partially explain the momentum
phenomenon. It is possible that both the risk-based source and the mispricing source of asset

pricing are responsible for the profitability of the momentum strategy (see also Kang and Li, 2007).

4.2 Contrarian Profits

The contrarian phenomenon is well documented for a portfolio formation horizon of longer than
one year, especially three to five years (DeBondt and Thaler, 1985; Fama and French, 1996). To
study the relation between the contrarian phenomenon and the mispricing component, we focus on
the difference in the two intercepts corresponding to the two contrarian subperiods, that is, the less
favorable contrarian subperiod (cg, months ¢ — 35 to t — 12) and the favorable contrarian subperiod
(c3, months ¢t — 59 to ¢ — 36); we do not use the intercept differences involving the intercept of
the momentum period (months ¢ — 11 to ¢). Accordingly, we decompose the 60-month estimation
window into one momentum subperiod and the two contrarian subperiods, and we denote by co and
c3 the intercepts of the less favorable contrarian subperiod and the favorable contrarian subperiod,
respectively. Table 2, Panel C (Cases C5 and C6) reports the raw and adjusted payoffs (and
associated t-statistics in parentheses) of the momentum strategy with portfolios formed on the

basis of the difference between ¢y and cs.

When the holding period is one month as reported in Case C5, the cg3-based momentum
strategy does not generate any significant payoffs in either the full sample or any of the two
subperiods, regardless of using the parameter estimates from the constant beta model or from
the time-varying beta model. Both the three-factor-adjusted payoffs and the four-factor-adjusted
payoffs are not significantly different from zero, either. If we extend the holding period to six
months, we obtain very similar results (Case C6). Both the raw and factor-adjusted payoffs of the
c2,3-based momentum strategy are insignificantly zero. The finding indicates that the particular
mispricing as characterized by the intercept differences over the two contrarian subperiods is not
responsible for the contrarian phenomenon. A caveat is in order. The finding does not rule out

other measures of mispricing as one potential source of contrarian profits.
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4.3 Momentum and Contrarian Combined

Given that a momentum strategy yields significant profits in the momentum horizon and significant
losses in the contrarian horizon, we investigate in this section the performance of a compound
investment strategy based on the mispricing measured over a window spanning both the momentum
horizon and the contrarian horizon. Specifically, to implement this compound investment strategy,
we sort stocks into portfolios in the portfolio-formation period based on the difference in two
intercepts, one corresponding to the momentum horizon and the other to the contrarian horizon,
and hold a zero-dollar position of the portfolios for the coming one or six months. The other panels

of Table 2 present empirical results lending strong support to this conjecture.

4.3.1 Two-subperiod Decomposition

We start with decomposing the 60-month estimation window into two subperiods. The two
intercepts ¢; and cy correspond to the empirically documented momentum horizon (¢t — 11 to
t) and the contrarian horizon (¢t — 59 to ¢ — 12), respectively. Because some of the winners (losers)
designated by the investment strategy based on the intercept difference are assets that have high
(low) values of ¢; and/or low (high) values of co, this investment strategy can be regarded as a
combination of a momentum strategy and a contrarian strategy. Table 2, Panel A reports the
raw and factor-adjusted payoffs of this compound strategy. It is clear that this strategy is highly
profitable. We first examine the results when we use the estimates of the constant beta model. For
the one-month investment horizon (Case A1), the raw monthly profits of this strategy average at
0.783% (t=6.26) in the full sample, 0.709% (t=3.09) in the pre-1965 subsample, and 0.842% (t=6.52)
in the post-1964 subsample, respectively. The three-factor-adjusted profits are even larger in every
period, showcasing the failure of the Fama-French three-factor model to explain this phenomenon.
Interestingly, if we add the momentum factor into the model, the four-factor model still cannot
explain this phenomenon, although the magnitude of the profitability reduces slightly. Specifically,
the four-factor adjusted payoffs of this investment strategy average at 0.582% (t=5.26) per month
in the full sample, 0.502% (t=2.49) in the pre-1965 subsample, and 0.681% (¢=5.99) in the post-

1964 subsample, respectively. If we further add Pastor and Stambaugh’s (2003) liquidity factor in
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the model on top of the four factors,® the five-factor adjusted payoffs average at 0.662% (t=4.97)

per month, which is even slightly larger than the four-factor adjusted payoffs over the same period.

If we extend the holding period of this investment strategy to six months (Case A2), the raw
and factor-adjusted payoffs of this investment strategy are a bit smaller in magnitude than the
corresponding payoffs if the holding period is one month, but each of these payoffs still remain
highly positive. For example, the monthly average values of the raw profits are respectively 0.503%
(t=>5.53) in the full sample, 0.409% (t=2.52) in the pre-1965 subsample, and 0.579% (t=>5.83) in
the post-1964 subsample; the monthly averages of the four-factor-adjusted profits are respectively
0.421% (t=5.16) in the full sample, 0.311% (t=2.19) in the pre-1965 subsample, and 0.516% (t=5.61)
in the post-1964 subsample; and the five-factor adjusted profits average at 0.556% (t=5.16) per

month in the post-1964 subsample.

We obtain qualitatively similar results when we use the estimates of the time-varying beta
model. That is, regardless of the portfolio-holding horizons, the investment strategy based on the
two intercepts corresponding to the two horizons is highly profitable in the full sample and its two
subsamples; the Fama-French three-factor model cannot explain the profits the investment strategy
at all and renders even larger profits; augmenting the three-factor model with the momentum factor
and/or the liquidity factor reduces the magnitude of the profits only by a small margin, and the

four-factor- or five-factor-adjusted profits remain statistically and economically significant.

Table 2, Panel A also clearly shows that the time-varying beta model helps explain the profits
of the compound investment strategy. When the investment horizon is one month, the raw and
adjusted profits of the investment strategy based on the time-varying beta model are about one
half in size of the corresponding raw and adjusted profits of the investment strategy based on the
constant beta model. When the investment horizon extends to six months, the raw and adjusted
profits of the investment strategy based on the time-varying beta model are about one thirds in
size of the corresponding raw and adjusted profits of the investment strategy based on the constant

beta model.

3Due to data availability of the liquidity factor, the sample period of the five-factor adjusted payoffs shrinks to
between 02/1962 and 08/2005. As a result, for comparability we focus our discussion of the five-factor adjusted
payoffs on the subperiod of 01/1965 to 08/2005.
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4.3.2 Three-subperiod Decomposition

We also decompose the 60-estimation period into three subperiods and we report the results in
Table 2, Panel B (Cases B3 to B6) and Panel C (Cases C1 to C4). The results analyzed in this

subsection are very similar to the above results using the two-subperiod decomposition.

In Table 2, Panel B, we cut the estimation window into the favorable momentum subperiod
(t —5 to t), the less favorable momentum subperiod (¢ — 11 to t — 6), and the contrarian subperiod
(t—59 to t—12). The corresponding intercepts are ¢y, c2, and c3, respectively. We take two different
intercept difference terms, namely, ¢; — ¢3 and co — ¢3 to span both the momentum horizon and the
contrarian horizon. Both the c; 3-based and c3 3-based momentum strategies are highly profitable.
Take for example the ¢; 3-based momentum strategy first (Cases B3 and B4). If we use the estimates
of the constant beta model, the average monthly profits of the ¢; 3-based momentum strategy are
respectively 0.592% (t=4.65) in the full sample, 0.528% (t=2.24) in the pre-1965 subsample, and
0.644% (t=4.97) in the post-1964 subsample for the one-month investment horizon; the average
monthly profits are respectively 0.565% (t=6.44) in the full sample, 0.463% (t=3.04) in the pre-
1965 subsample, and 0.648% (t=6.50) in the post-1964 subsample for the six-month investment
horizon; the profits adjusted by the Fama-French three-factor model or its extended model including
momentum/liquidity factors remain significant. If we use the estimates of the time-varying beta
model, the compound investment strategy still generates significant profits in either raw measures
or factor-adjusted measures for the two portfolio-holding periods, but the magnitude of the profits

are about one half or one thirds of the profits obtained with the constant beta model.

We then assess the performance of the ¢ 3-based momentum strategy. If we use the estimates
of the constant beta model, the average monthly profits of the c 3-based momentum strategy are
respectively 0.740% (t=5.98) in the full sample, 0.631% (¢=2.72) in the pre-1965 subsample, and
0.829% (t=6.84) in the post-1964 subsample for the one-month investment horizon; the average
monthly profits are respectively 0.334% (t=6.44) in the full sample, 0.441% (¢t=5.29) in the
post-1964 subsample but statistically insignificant in the pre-1965 subsample for the six-month
investment horizon; the Fama-French three-factor- or four-factor- or five-factor-adjusted profits all
remain significant except for one case involving the pre-1965 subperiod. If we use the estimates of

the time-varying beta model, the investment strategy still generates considerable profits in either
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raw measures or factor-adjusted measures for the two portfolio-holding periods, and again, the
magnitude of the profits are about one thirds to one half of the profits obtained with the constant

beta model.

We conduct another three-subperiod decomposition of the estimation window. In Table 2, Panel
C, we separate the estimation window into the momentum subperiod (t—11 to t), the less favorable
contrarian subperiod (¢t —35 to t —12), and the favorable contrarian subperiod (¢t —59 to t —36), and
we denote the corresponding intercepts by ci, co, and c3, respectively. We take the following two
intercept difference terms to nest both the momentum horizon and the contrarian horizon: ¢ — ¢y
and c; — c3. As the Panel showcases, both the c; 2-based and c; 3-based momentum strategies are
highly profitable for the one-month and the six-month investment horizons. The raw profits of
either strategy are both statistically and economically significant in the full sample, the post-1964
subsample in particular. The Fama-French three-factor model has little success in explaining the
profits of either strategy and only renders larger and more significant profits. Complementing the
Fama-French three-factor model with the momentum factor and/or the liquidity factor helps reduce
the size of the profits of either investment strategy, but the four-factor- and five-factor-adjusted
profits retain considerable significance in both statistical and economic magnitude. Again, the
time-varying beta model has certain power in explaining the profits of either investment strategy
and cuts the profit size by one half to two thirds relative to the profit size obtained using the
constant beta model. Interestingly, although the contrarian phenomenon is particularly strong in
a portfolio-formation horizon of past three to five years, the c; 3-based investment strategy is not
necessarily more profitable than the c¢; o-based investment strategy; instead, the opposite appears

true in most of the cases.

4.3.3 Discussions

We further discuss several other observations of the compound investment strategy combining the

momentum effect and the contrarian effect.

First, it is clear throughout the three panels of Table 2 that the compound investment strategy
spanning one momentum horizon and one adjacent contrarian horizon generates fairly stable and

significant profits when the portfolio-holding horizon is one-month, regardless of how we cut the
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estimation period. Let’s focus on the constant-beta model. In the case of the two-subperiod
decomposition, the raw return of this compound investment strategy averages at 0.783% per month
(t=6.26) in the full sample and 0.842% per month (t=6.52) in the post-1964 subperiod (Case Al).
In the case of the three-subperiod decomposition with two momentum subperiods, the raw return
of this compound investment strategy averages at 0.740% per month (¢=5.98) in the full sample and
0.829% per month (t=6.84) in the post-1964 subperiod (Case B5). In the case of the three-subperiod
decomposition with two contrarian subperiods, the raw return of this compound investment strategy
averages at 0.744% per month (¢=>5.50) in the full sample and 0.776% per month (¢=6.01) in the
post-1964 subperiod (Case C1). If we use the time-varying-beta model, the average raw return of
this compound investment strategy stays around 0.38% per month in the full sample and 0.30%

per month in the post-1964 subperiod.

Second, the compound investment strategy spanning one momentum horizon and one disjoint
contrarian horizon again appears to yield quite stable and significant profits when the portfolio-
holding horizon is one-month, regardless of how we cut the estimation period. The average raw
profits are around 0.58% per month with the constant-beta model and 0.34% per month with the
time-varying-beta model (Cases B3 and C3). Clearly, the compound investment strategy spanning
one momentum horizon and one adjacent contrarian horizon outperforms the compound investment
strategy spanning one momentum horizon and one disjoint contrarian horizon by a substantial

margin.

Third, we surmise that the contrarian phenomenon is partially due to the mispricing source
in asset pricing. As illustrated in each of the three panels, the compound investment strategy
based on the intercept difference spanning one momentum horizon and one contrarian horizon is
highly profitable. Moreover, the profitability of this compound investment strategy cannot be fully
explained by the extended Fama-French four- or five-factor model including the momentum factor.
For example, in the case of two-subperiod decompositions, the four-factor adjusted profit of this
compound investment strategy with one-month holding equals 0.421% (¢=5.16) per month in the
full sample and 0.516% per month (t=6.01) in the post-1964 subperiod. Similar results obtain
in other cases. This evidence suggests that such significant profits of this compound investment

strategy do not merely derive from the momentum horizon but they also arise from the contrarian
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horizon.

To conclude, we summarize the main results of Section 4.3 as follows. The compound investment
strategy based on the differences in two intercepts, one corresponding to a momentum horizon and
the other to a contrarian horizon, generate highly stable and significant profits in the full sample
and in its two subperiods, regardless of the portfolio-holding horizons. Both the Fama-French
three-factor model and the extended Fama-French factor models including the momentum factor
and/or the liquidity factor cannot explain the profitability of this compound investment strategy:
the adjusted payoffs of this strategy remains significantly positive in both statistical and economic
magnitude. The time-varying beta model appears to have certain power in explaining the profits
of this investment strategy and is able to cut the profit size by one half to two thirds relative to the
profit size obtained using the constant beta model. Overall, these findings clearly show that the
profits of this investment strategy based on the differences in intercepts derive not merely from the
momentum profits but also from the contrarian part. Moreover, the evidence on the failure of the
extended Fama-French four- and five-factor model lends support to our claim that the intercept

difference captures the mispricing source or the mispricing component in asset pricing.

4.4 Using Portfolio Returns

In Sections 4.1-4.3 we estimate the models and implement the investment strategy based on the
intercept difference using firm-level returns. One may concern the quality of the model estimations
using firm-level returns. As a robustness check, we extend the above analysis to portfolio-level
returns in this section. Specifically, we estimate the constant-beta model (equation (23)) and the
time-varying-beta model (equation (24)) by using each Fama-French’s 5x5 value/size portfolios and
30 industry portfolios as the dependent variable, and we implement the investment strategy at the
level of the Fama-French portfolios. The winners and losers of the strategy are respectively the
five Fama-French portfolios with the highest and lowest values in the intercept difference. The
zero-dollar investment strategy then longs the five winning portfolios and shorts the five losing
portfolios in the following one or six months. Table 3 reports the raw and adjusted payoffs of the
investment strategy based on various intercept differences. In Panel A, we divide the 60-month

estimation window into one momentum subperiod (¢t —11 to ¢) and one contrarian subperiod (¢ —59
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to t — 12). Panels B and C correspond to the three-subperiod decomposition with two momentum

subperiods and the three-subperiod decomposition with two contrarian subperiods, respectively.

The results in Panel A show several patterns. First, the zero-dollar investment strategy is
profitable. Take the one-month holding period for an example. Under the framework of the
constant-beta model, the raw profits of this strategy average at 0.471% (t=3.79) per month in
the full sample and 0.542% (¢=3.76) per month in the post-1964 subperiod. Under the framework
of the time-varying-beta model, the raw profits of this strategy average at 0.260% (t=2.38) per
month in the full sample and 0.310% (t=2.19) per month in the post-1964 subperiod. Second, the
Fama-French three-factor model or the extended factor models including the momentum factor or
the liquidity factor cannot explain the profitability of this strategy. In particular, abnormal profits
adjusted by the Fama-French three factors and the momentum factor remain highly significant, and
they average at 0.306% (t=2.50) in the full sample and 0.316% (¢=2.18) in the post-1964 subperiod;
Including the liquidity factor in the extended factor model actually increases the magnitude of
adjusted profits of this investment strategy. Third, similar patterns obtain if we use the time-
varying-beta model to the intercept difference. Moreover, relative to the use of the constant-beta
model, the time-varying-beta model helps reduce the magnitude and significance of the payoffs of
the investment strategy by about one half. Notably, the three patterns obtained using Fama-French

portfolio returns also show up in the above study using firm-level returns.

If we apply the investment strategy to the framework of three-subperiod decompositions either
with two momentum subperiods or two contrarian subperiods, the results are a bit weaker than
the results of the two-subperiod decomposition. However, the results throughout the three panels
exhibit one striking pattern regardless of these different ways to decompose the estimation period.
That is, as long as the mispricing measure is constructed as the difference in intercepts of two
adjacent subperiods, one momentum and the other contrarian, the compound investment strategy
based on this particular mispricing measure generates considerable profits. Take the example of
the one-month holding period. In the case of the two-subperiod decomposition, the raw return of
this compound investment strategy averages at 0.471% per month (¢=3.79) in the full sample and
0.542% per month (t=3.76) in the post-1964 subperiod (Case A1). In the case of the three-subperiod

decomposition with two momentum subperiods, the raw return of this compound investment
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strategy averages at 0.500% per month (¢=3.96) in the full sample and 0.572% per month (t=3.94)
in the post-1964 subperiod (Case B5). In the case of the three-subperiod decomposition with two
contrarian subperiods, the raw return of this compound investment strategy averages at 0.375%
per month (t=3.16) in the full sample and 0.528% per month (t=3.58) in the post-1964 subperiod
(Case C1). If we use the time-varying-beta model, the average raw return of this compound
investment strategy stays around 0.26% per month in the full sample and 0.30% per month in the
post-1964 subperiod. Furthermore, like the study based on the firm-level returns, the payoffs of
this profitable compound investment strategy applied to portfolio returns cannot be fully explained

by the three Fama-French factors, momentum and liquidity.

5 Conclusion

In this paper I propose a reduced form asset pricing model that features linear betas and risk
premiums and allows for missing priced factors at the same time. Specifically, I separate the set
of theoretically true factors into two subsets, one used in empirical studies and the other missing
from the model specification, and I instrument the subset of missing factors with predetermined
macroeconomic variables. I show that the intercept of this reduced-form model contains both
a constant risk-based component, which is related to the constant part of beta risks and risk
premiums, and a potential source of mispricing. Consequently, while controlling for linear-in-z
betas and risk premiums with lagged macro instruments in the model, I take a difference in the
intercepts across two subperiods to cancel out the time-invariant effects of the missing factors and
contain only the share of mispricing, if any. Notably, the intercept difference does not vary with
the macroeconomic variables and serves as a clean measure of mispricing — I analytically show
that the intercept difference is free from both the missing factor bias and the missing instrument

bias, both of which have been plaguing the empirical asset pricing tests.

I apply the model to examine the profitability of two return-based investment strategies using
both firm- and portfolio-level returns. I find that momentum and contrarian strategies, estimated in
monthly US return data for 1927-2005, are related to the mispricing measure and that time-varying
betas reduces the mispricing by half or better. In particular, the zero-dollar compound investment

strategy based on the difference in two intercepts, one corresponding to the momentum horizon
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and the other to the contrarian horizon, generates highly stable and significant profits, even after
controlling for the three Fama-French factors, the momentum factor, and/or the liquidity factor:
the adjusted payoffs of this strategy remains significantly positive in both statistical and economic

magnitudes.

This paper has several implications for the finance literature. I find clear evidence that part
of the momentum profits come from a mispricing component that does not covary with commonly
used macroeconomic instruments, so do the contrarian profits (with weaker evidence). This finding
sheds some light on the theoretic reasoning of the momentum phenomenon and the contrarian
phenomenon. The results of this study also suggest the presence of mispricing in linear asset
pricing models, raising a caution flag about using such models in fitting/explaining cross-sectional
returns. One potential solution is to introduce non-linearity into the asset pricing framework and
develop nonlinear factor models (e.g., Kraus and Litzenberger, 1976; Bansal and Viswanathan, 1993;
Leland ,1998; Harvey and Siddique, 2000; Dittmar, 2002). Recently, Brandt and Chapman (2008)
show that the mispricing derived from the error of approximating a modestly nonlinear risk premium
in a conditional asset pricing model with a linear function is both statistically and economically
significant. A further exploration of the topic is beyond the scope of the paper and warrants further

studies.
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Appendix: Proofs

Proof of Proposition 1. Substituting equation (7) into equation (5), we derive the following
equation:

rit = it + BiaGe + Big(ao + azi—1 + er) + €ir. (A. 1)

Combining terms in equation (A. 1) and matching each of the terms with the corresponding terms

in equation (8), we obtain equations (9), (10), and (11). Q.E.D.

Proof of Proposition 2. Substituting equations (7), (12), and (13) into equation (5), we derive

the following equation:

rit = it + (bigo + biczi—1)'Ge + (bimo + bimzi—1) (a0 + azi—1 + e;) + it (A.2)

Combining terms in equation (A. 2) and matching each of the term with the corresponding terms

in equation (14), we obtain equations (15) through (A. 11), respectively. Q.E.D.

Proof of Proposition 3. Use the superscript * to denote the structural and reduced-form
parameters associated with the asset pricing model (equation (5)) when z* is the macro instruments

used in the model. Project the set of missing factors H against z*, and we obtain

Hy=aj+a"z[_ +¢€j, (A. 3)
which immediately implies
J
At = Qg + apz; 1 = agg + Za}:,jzj’t_l for k=1,2,...,h. (A. 4)
j=1

Also, with z* representing the set of macro instruments used in the asset pricing model, we can
respectively specify the evolution dynamics of the betas of the identified factors G and that of the

missing factors H as

Bict = b;‘kG,o +bigzi_1, and (A. 5)
Bimeg = bipo+bimzi_i- (A. 6)
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Then, based on Proposition 2, we derive the following equations:

it = Cy + 7 21 + big o' Ge + (jgzi_1)'Ge 4 2( M 2y + nj, (A.7)
where
¢y = i+ be,o’aS, (A.8)
Y= a"bigo + by ag, (A.9)
M} = biy'a*, and (A. 10)
ny = (bigo +bigzio1)'er + i (A.11)

For the two intercepts corresponding to subperiod x and subperiod y of the estimation period,

we immediately have

Gy = Qg +biggay, and (A. 12)

¢y = iy +biggag. (A. 13)
If we difference the two intercepts we have
Cip — Ciy = Qig — Qliy = Cig — Ciy. (A. 14)

Q.E.D.
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Table 1: Summary Statistics

This table presents descriptive statistics of Fama-French factors and macroeconomic variables from January
1927 through June 2005 (942 months). MARKET_RF is the monthly return on the CRSP value-
weighted market index in excess of the one-month Treasury bill rate (RF). SMB, HML and UMD
stand for the small-minus-big size factor, the high-minus-low book-to-market factor, and the top-minus-
bottom past-12-month return factor respectively. The factor data are obtained from French’s website at
http: //mba.tuck.dartmouth.edu/pages/faculty /ken.french/data_library.html. The dividend yield (DIV) is
defined as the total dividend payment accrued to the CRSP value-weighted market index over the past 12
months divided by the current price level of the index. The term premium (TERM) is the yield spread
between a ten-year Treasury bond and a three-month Treasury bill, the default premium (DEF) is the
yield spread between Moody’s Baa- and Aaa- rated bonds, and the short rate (YLD) is the yield on the
three-month Treasury bill.

MARKET RF SMB HML UMD RF DIV _DEF TERM YLD

Mean 0.648 0.250 0.411 0.766 0.305 3.891 1.129 1.509 3.820
Std Dev 5.492 3.378 3.617 4.714 0.256 1.572 0.719 1.149 3.181
Median 0.985 0.115 0.250 0.955 0.270 3.707 0.875 1.5635 3.387
Max 38.270 38.840 35.480 18.380 1.350 13.515 5.640 4.420 16.042
Min -29.060 -16.580 -13.440 -50.630 -0.060 1.056 0.320 -2.650 -0.091
Skewness 0.219 2.191 1.897 -3.044 1.010 1.014 2.428 -0.415 0.997
Kurtosis 10.731 24.829 18.759 31.372 4.148 6.043 11.436 2.967 4.072
Autocorrelation:
1-month 0.108 0.076  0.178 0.059 0.973 0.979 0.975 0.956 0.991
6-month -0.021 0.009 0.007 0.053 0.920 0.868 0.877 0.736 0.940
12-month -0.004 0.103 0.046 0.059 0.869 0.721 0.749 0.544 0.890
24-month 0.029 0.026 -0.001 0.027 0.764 0.552 0.549 0.234 0.781

Correlation with:

MARKET_RF 1.000 0.326 0.216 -0.340 -0.068 -0.104 0.006 0.056 -0.067
SMB 1.000 0.094 -0.165 -0.058 -0.010 0.094 0.100 -0.053
HML 1.000 -0.403 0.013 -0.003 0.032 0.026 -0.001
UMD 1.000 0.040 -0.014 -0.081 -0.066 0.056
RF 1.000 -0.240 -0.068 -0.384 0.979
DIV 1.000 0.496 0.075 -0.244
DEF 1.000 0.381 -0.079
TERM 1.000 -0.390
YLD 1.000
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