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On Stable Factor Structures in the Pricing
of Risk: Do Time-Varying Betas
Help or Hurt?

ERIC GHYSELS*

ABSTRACT

There is now considerable evidence suggesting that estimated betas of uncondi-
tional capital asset pricing models (CAPMs) exhibit statistically significant time
variation. Therefore, many have advocated the use of conditional CAPMs. If we
succeed in capturing the dynamics of beta risk, we are sure to outperform constant
beta models. However, if the beta risk is inherently misspecified, there is a real
possibility that we commit serious pricing errors, potentially larger than with a
constant traditional beta model. In this paper we show that this is indeed the case,
namely that pricing errors with constant traditional beta models are smaller than
with conditional CAPMs.

LINEAR FACTOR MODELS such as the unconditional capital asset pricing model
(CAPM) and the arbitrage pricing theory (APT) have been the cornerstone
of theoretical and empirical finance for decades now. Supported by seminal
papers, like those of Sharpe (1964), Lintner (1965), Merton (1973), and
Ross (1976), they are the most widely used tools to value the return on
risky assets. Although the theory maintains a linear and stable relation-
ship between risk factors and returns, there is now considerable empirical
evidence documenting time variation in market betas and other factor pay-
offs. This is perhaps not so surprising because the theoretical underpin-
nings of the unconditional arbitrage-pricing theory reveal that time-
invariant linear factor structures are only obtained when one imposes strong
assumptions on the underlying probability distributions and investors’ at-
titudes toward risk.!

In practice, many portfolio managers constantly update and reestimate
factor returns, and indeed Harvey (1989), Ferson and Harvey (1991, 1993),
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! Several general equilibrium developments of the unconditional CAPM and APT have been
advanced; for example, see Huberman (1982), Chamberlain and Rothschild (1983), Ingersoll
(1984), Connor (1984), Connor and Korajczyk (1989), among others.
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and Ferson and Korajczyk (1995) find that estimated betas exhibit statis-
tically significant time variation. There appears to be a consensus now
about the failure of the static CAPM: for example, see the widely cited
work of Fama and French (1992) and the discussion it generated. Some
advocate that the static CAPM should be replaced by some form of time-
varying beta conditional CAPM (see, e.g., Jagannathan and Wang (1996)).
If we succeed in capturing the dynamics of beta risk, we are sure to out-
perform constant beta or so-called unconditional CAPM and APT models.
But what if we do not succeed in correctly specifying time-varying betas?
Then, if beta risk is inherently misspecified, there is a real possibility that
we commit serious pricing errors that potentially could be bigger than with
a constant beta model. In this paper, we show that this is not purely an
abstract speculation or remote possibility. Indeed, we show that in many
cases the pricing errors with constant beta models are smaller than those
with time-varying beta models. The misspecification of the latter appears
to be serious enough that time-varying beta models do not help but actu-
ally hurt.

The models we consider are several conditional CAPM and APT dynamic
asset pricing models. Ferson (1985), Ferson and Harvey (1991, 1993), Har-
vey (1991), Ferson and Korajczyk (1995), and Dumas and Solnik (1995), among
others, have applied these models to price international equities, bonds, and
size-sorted and industry-based portfolios, as well as forward currency contracts.

How do we find out that these time-varying beta models are misspecified?
One way, perhaps somewhat ironically, it is to investigate the exact same
1ssue that motivated the replacement of the unconditional CAPM and APT
by conditional models. Indeed, misspecification in beta risk dynamics is al-
most always revealed by nonconstancy of the beta risk model parameters
(just as misspecification of the CAPM is revealed by time variation in the
betas). Hence, we test whether there are structural shifts in the parameters
of conditional CAPM and APT models and find overwhelming evidence for
structural breaks. This means that conditional CAPM and APT models pre-
viously presented in the literature are misspecified.

In Section I we discuss the impact of misspecification on pricing errors
explaining intuitively ways to assess misspecification through testing for
parameter constancy. Section II presents a brief review of the conditional
CAPM and APT and the nonlinear APT models of Bansal and Viswanathan
(1993) and Bansal, Hsieh, and Viswanathan (1993). Although nonlinear APT
models do not provide explicit pricing formulas. it is of interest to examine
their constancy and compare them with the other models. Using a uniform
data set across all models, we report in Section III a comprehensive empir-
ical study with monthly NYSE stock returns. The results reveal some seri-
ous specification problems. On that basis we proceed with the analysis of
pricing errors. In Section IV we report results showing a strong dominance
of the traditional CAPM in predicting returns for size-sorted and industry-
based portfolios. Section V concludes the paper.
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I. Predicting Asset Returns and Specification Errors

Let us concentrate on a very simplified version of the conditional CAPM to
set the stage for our discussion:

E[rit+1|Zt]=.BitE[rM1+1th], (1)

where B3, is the parameterized time-varying market beta and Z, is a set of
instruments. The excess return from ¢ to t + 1 on the market portfolio is
measured by ry, .. and r;,, is the excess return on any asset or portfolio of
assets i. Once we admit that beta varies through time we must specify laws
of motion for B,,. A conditional CAPM does precisely that; namely, with a
single instrument it implies the following:

_ E[(rypsr =0 Z ) ripe1 —6,2,)|Z,]
Elrye.1—6mZ)?Z,]

Bit (2)

From equation (2) we note that two fixed parameters, namely 8;; and §,,
together with Z,, ry,, and r;, determine the time variation in B,,. The two
parameters are obtained via the projection equations

E[rjt+1|Zt] = 6,2, J=1M. (3)

The question we are interested in is whether this particular (or any other)
characterization of B;, is adequate and does not yield a systematic mispricing
of risk factors. Combining equations (1) and (3), we can write the asset pric-
ing equation as follows:

Fiee1 = BitOsZ + Uypen, (4)

where E (u,,.1Z,) = 0. If the restrictions of the conditional CAPM do not hold
because beta risk is inherently misspecified, we obtain as a generic alternative

Vit+1 =Bi16MtZt+ait+1, (5)

with E(i,,.,Z,) = 0 and B;, # B;, obtained from equation (2) replacing &,, by
5u: and 8; by 8;,. It should be noted that the generic alternative in equation
(5) emphasizes the fact that the specification of B, is erroneous. Other sources
of misspecification, such as omitted factor risk, are, at leatst for the moment,
not considered. No specific laws for &, or 6,; (and hence B,,) are used at this
point. To assess the consequences of misspecification we will compare two
different scenarios. The first scenario is one in which both the traditional
fixed beta CAPM and the conditional CAPM are misspecified. Under the
second scenario only the unconditional CAPM is erroneous. We study pricing
errors under both scenarios, assuming that we can ignore estimation uncer-
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tainty. When the conditional CAPM is correctly specified (i.e., the second
scenario) it should be better at predicting asset returns. Let us formalize
this intuition before moving to the first scenario where both models are mis-
specified. To examine the magnitude of pricing errors we consider the mean
squared error (MSE). For the conditional CAPM we have

MSE;c = E[rij4, — ,Bit5MZt]2 = Var(u;+1), (6)

where MSE), is the mean squared error for asset i under scenario j =1, 2,
and model £ = C for conditional CAPM and k& = U for the unconditional one.
To determine MSE!;; let us write equation (2) as B;, = B; + B(Z,;(8;.6x)),
where 3, is the (fixed unconditional) beta for asset i.2 Then we obtain

MSE!, =E[(B; + B\Z, 18, .6y NmZ, + tirs1 — BidmZ,]?
= Var(ui,+1) + SE}E[E(Zt,(é,,6‘\[))Zt]J + 25A]EB(Z1;(6[,6}U))Ztuit+1-
(7)

The last term on the right-hand side of equation (7) is zero since u;,.; is
orthogonal to any function of Z,. Hence, we have that MSE;, is larger than
MSE%- by a factor of 84E[B(Z,;5,.64)Z,]1° > 0. Clearly, as there is evi-
dence of time-varying beta we have an obvious interest in adequately mod-
eling time-varying betas and exploiting them for pricing securities. But what
if the time-varying betas are prone to specification error? This is precisely
the first scenario. Under equation (5) we can compute MSE!- and MSE]y.
Some algebra yields the following:

MSE{y — MSEic = 85{E[B(Z,:(83;,6,)Z,]"
— E[(Birdarr — Bida)B(Z,:(8y, .88y ZE]. (8)

The second term on the right-hand side of equation (8) can be negative,
or positive and larger than the first term. Hence, depending on its magni-
tude and sign, we may have MSE{,- > MSE|, . which means the conditional
CAPM yields the smallest pricing error; but we can also have the reverse,
MSE},; < MSE!.. A priori we do not really know. as it all depends on how
severely the conditional CAPM is misspecified relative to the unconditional
one. In the next section we present the conditional APT and CAPM we will
consider to investigate this question. In Section III we explain how to test
that the dynamics of betas are misspecified.

“ The functional B(-) is introduced to highlight the fact that in equation (2) beta risk is
implicitly a function of Z, and parameterized by &y, and §,.
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II. A Review of the Conditional Asset Pricing Models

We follow Bansal and Viswanathan (1993) closely and start from the op-
timal portfolio allocation conditions of discrete time capital asset pricing mod-
els.3 In an economy with NV assets we obtain the following first-order conditions:

E[MRS(t,t + 1)x,-,+1|Q,] = n(x,-,H) for: = 1,...,N, (9)

where x,,; 1s the one-period payoff of the ith asset at time ¢ + 1 that has
time ¢ price Il(x,;,+,) and where MRS(t,t + 1) is the representative agent’s
marginal rate of substitution between ¢t and ¢t + 1 consumption. The expec-
tation in equation (9) is conditional on the information set (),;. Equation (9)
also holds when we replace MRS (t,t + 1) by its projection on the space of all
one-period payoffs. Let us denote this projection as P;,;. Hansen and
Jagannathan (1991) show that this projection can be expressed as a linear
combination of the N asset one-period payoffs represented by the vector

Xer1 = [xit+1]f\il:

N
tr1 = 2 AjrXje+1, (10)

J=1

where the weights a, = [a;, ]}, satisfy
a; = [E[xtl+1xt+1|Qt]]*1H(xH-l)- (11)

Equations (10) and (11) represent a fundamental relationship in charac-
terizing the pricing of assets but they do not yet comprise a “workable” model,
which involves as many factors as there are assets, namely N basis portfo-
lios. To make the model workable we need to reduce the set of factors. yet
equations (10) and (11) tell us that this is unlikely to be attainable with a
simple fixed linear relationship. This observation yielded the nonlinear APT
of Bansal and Viswanathan (1993) and Bansal et al. (1993) and the condi-
tional CAPM and APT of Ferson (1985) and Ferson and Harvey (1991, 1995),
among others. We shall begin by briefly presenting the former and then
continue with the latter class of models. For the nonlinear APT we use equa-
tion (10) and replace the marginal rate of substitution by its projection onto
Q.1, yielding

E[E[MRS(t,t + 1)|Qt+1]xit+1|91] = I(x,;;41). (12)

3 See Lucas (1978), Breeden (1979), Stulz (1981), Huang (1987), Duffie and Zame (1989)
among others.
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Then, instead of using the projection onto the entire information we con-
sider a vector P?,, of well-diversified basis variables such that

E[MRS(t,t + 1)|Q,,,] = E[MRS(t.t + 1)|Pt, 1= G(PL.,), (13)

with G(-) a well-behaved function chosen among a class of flexible func-
tional forms. Using the fact that I1(x;(¢,¢ + 1)) € 1, and normalizing equa-
tion (12) yields the following set of moment conditions:

E[(G(P? )x,,.1—1Z,] =0, (14)

where Z, is a set of instruments picked among the elements of (},. Equation
(14) forms the basis of a GMM estimation procedure for the parameters de-
scribing the pricing kernel G(-). The set of Z, instruments actually used in
our empirical work will be described later since it coincides with those used
in the conditional APT model. The elements entering P’ , are the same as
those used by Bansal et al. (1993) in their one-factor model, namely

where ry; ., 1s the nominal return on the market and rs.; is the nominal
yield to maturity on the Treasury bill next period. What remains to be spec-
ified is a functional form for G(-). As the exact specification of the nonlinear
pricing kernel is unknown, Bansal et al. (1993) suggest approximating it
with a polynomial series expansion,* namely

G(P.y) = Bo+Burpsr+ 2 Bprlran-1)’. (16)

Jj=1.25

With regard to the asset x; appearing in equation (14). we shall consider a
set of size-sorted portfolios and industry-based classified portfolios that will
also be used in the conditional APT. The details are discussed in Sec-
tion III.C.

We turn now our attention to the conditional CAPM considered by Harvey
(1991) to study the pricing of international assets and used by Ferson and
Korajczyk (1995) to study predictable returns and risk in the United States.
Again, one can start from the observation that equations (10) and (11) do not
directly yield a workable model, but instead of considering a nonlinear pric-
ing kernel, Harvey proposes to study expected returns for stock markets
from a set of countries via their conditional beta with the return on a world
market portfolio. Harvey (1991) shows that one obtains a set of moment
conditions suitable for Generalized Method of Moments (GMM: see Hansen
(1982)) estimation of 8 = [8,]N., and 8,; as follows:

! As Bansal and Viswanathan (1993) explain, using the fifth order rather than the third was
partly motivated by the need to reduce collinearity between the various powers of the expansion.
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(rev1 — Z,6) ,
E (th-f—l_ZtﬁM)’ ®Z; =O, (17)

2 '
(Upr+12:6 — Upre+1Us+1Z:0pp)

where r;41 = ["it+1]{'\i1, U =ry =216, and upy =rpyye — Z4_ 164

We also investigate an alternative specification for the conditional CAPM,
one suggested by Ferson and Harvey (1993), which models time-varying be-
tas as Bi; = Z,Bi. to avoid the wieldy specification of the ratio of conditional
covariance and conditional variance. It yields the moment conditions

(rev1—=2,6) ,
E| (rupe1—-Z8y) | ®Z =0, (18)
(Zt5 - Zt,Bth(SM)'

which, in contrast to equation (17), is a just-identified set of moment conditions.
In a recent paper Ferson and Korajczyk (1995) undertake a very thorough
empirical investigation of risk and return for the United States using a multi-
factor conditional APT. The setup is very similar to that described in equa-
tion (17) except that the moment conditions are a bit more elaborate because
of the presence of a multitude of factors. For the multifactor conditional APT,
Ferson and Korajczyk define the following set of moment conditions:

riev1— 24+ 9;
E (F/o1—Z0y,) ®RZ: =0, (19)
(Ffv1 = Ziyi (Fiq —Zivi)'Bi — Fria(ripe1 — Z,6;)

where F, is a K X 1 vector of factor-mimicking portfolios, 8; is a K < 1 vector
of the betas for asset i, and Z, is a (L + 1) vector of instruments. In contrast
to the nonlinear APT and conditional CAPM, the model defined in equation
(19) has parameters that play a very different role. It also makes hypothesis
testing more interesting. Indeed, this more elaborate model has the advan-
tage of separating projection equations and asset pricing moment conditions
involving conditional betas. In equation (19) the third set of moment condi-
tions does not involve any new parameters, whereas in equation (19), and
equation (18) as well, the third set involves explicitly parameterized betas.

III. Empirical Results on Parameter Stability

We turn our attention now to the empirical evidence regarding the struc-
tural invariance of the three dynamic asset pricing models described in the
previous section. We devote a subsection to each of these empirical models.
The first subsection briefly discusses tests for structural shifts. Then we
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study the conditional CAPM of Harvey (1991). The next subsection covers
the multifactor model of Ferson and Korajczyk (1995). We conclude with
the nonlinear APT.

To facilitate comparisons, we apply the three empirical asset pricing mod-
els to the same data. Because the study by Ferson and Korajczyk (1995) has
a very wide and comprehensive set of U.S. equity return series, we use their
data set.” It consists of size-sorted returns for stocks appearing on the CRSP
tapes as well as those same asset returns classified by industry. All port-
folios are value-weighted. A total of 12 industry-sorted portfolios will be
considered in addition to the 10 size category portfolios. We follow step by
step the specification of variables and instruments described by Ferson and
Korajczyk.®

A. Testing for Structural Breaks

Anyone familiar with the empirical evidence may find it surprising that
there is a need to test for structural change because conditional CAPM and
APT models are typically well supported by the data. To clarify this we have
to elaborate on the fact that testing for structural breaks is far more strin-
gent than the usual overidentifying restrictions tests, often called «/-statistics,
commonly used to diagnose the fit of an asset pricing model like the condi-
tional CAPM. Because such models are estimated via GMM, let us proceed
by specifying the moment conditions of such a model. Taking a simple ex-
ample as in equation (17) with a single asset i yields

Fig-1— Sith
E rae-1— Ome 2y Z,=0.
SltZt [(rﬂt+1 - 51\1! Zt )2] —(rapr+1— SMr Zt)(rit+1 - Sitzt )SMt Zt

(20)

The formulation in equation (20) represents the set of moment conditions
involved in the GMM estimation procedure but does not impose the null
hypothesis of constant parameters. For the moment the variation in the pa-
rameters is left unspecified; ultimately they will represent structural breaks
as will be discussed shortly. The estimation of the conditional CAPM impos-
ing fixed parameters 8;; and §, with the data generated by equation (20) will
yield GMM parameter estimates §,, and §;, which are some sort of sample

> Hence, the results we will report for Harvey's conditional CAPM will not exactly replicate
his original study of international excess stock returns. Yet empirical results we obtain with
Harvey's original data series are completely in line with those we are about to discuss. These
results are not reported but are available upon request. Similarly. the results reported for the
nonlinear APT model do not correspond to the original empirical work, but the conclusions we
draw from our investigation are nevertheless representative.

“ We actually directly use the data set they constructed. This also applies to the factor-
mimicking portfolios that are discussed in Section III.C.
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averages of the underlying &, and §;,. Ghysels and Hall (1990b) show for-
mally that overidentifying restrictions tests based on the moment conditions
such as those in equation (20) but evaluated at fixed parameter estimates ,,
and §; have a tendency not to reject the model. This problem is not just a
theoretical curiosity. Indeed, we will provide numerous examples where this
situation occurs in empirical asset pricing models. Hence, the usual diag-
nostic tests to judge the validity of a model are not adequate to detect sys-
tematic mispricing of asset returns because of erroneous beta dynamics.

Testing for structural invariance of the model amounts to verifying whether
the following hypothesis holds

51 = & Vi=1,....T
Hm{ﬂﬂ M (21)

Sl‘t:5, Vt:].,,T

A great variety of tests for structural change for models estimated by GMM
exist.” The majority of tests assume as an alternative that at some point in
the sample there is a single structural break; for instance,

Sjt:{

where 7 determines the fraction of the sample before and after the assumed
break point.8 If the break point #T were known, our task would be relatively
easy to perform. For example, calculating 6;; and 6, and comparing both
estimates to see whether they are significantly different would be one way to
proceed (often referred to as a Chow test). Unfortunately, in the present
context we don’t really want to assume 7 known. In recent years several
procedures have been advanced to test the null hypothesis (21) against an
alternative such as equation (22) with unknown break point 7. In the re-
mainder of the section we will explain what these procedures amount to (the
technical details appear in the references provided in footnote 7).

We use the Sup LM, or supremum LM, test proposed by Andrews (1993).
One computes the supremum of all LM tests, or score tests, over all possible
break points #T. Andrews suggests this type of test and tabulates its dis-
tribution under the null hypothesis appearing in equation (21). The Sup LM
test has the great advantage that it only uses the parameter estimates Su

6j1 =1,...,7TT

= M,i 22
8o t=nT+1,..T 7 "0 (22)

" Relevant references include Andrews (1993), Andrews and Ploberger (1994), Ghysels, Guay,
and Hall (1998).

8 It is worth noting that in equation (22) all parameters are tested jointly for stability. In
several circumstances, however, the parameters involved play different roles; therefore, depend-
ing on which ones are subject to breaks, a different interpretation should be given. For instance,
in the multifactor models appearing in equation (19), one has a set of parameters 4, and y, that
arise from purely ancillary statistical assumptions regarding projection equations rather than
with an economic interpretation. To emphasize this distinction we will often conduct tests in-
volving only a subset of the parameter vector.
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and §, obtained from the full sample. This saves an enormous amount of
computer time by avoiding all the (nonlinear) GMM parameter estimations
over the various subsamples. Because a great number of asset pricing mod-
els will be tested, computational efficiency has strong appeal.

One may wonder by now why we focus exclusively on tests having a single
break point as alternative. Surely, there are many other types of structural
instabilities, such as cases with several breaks or with gradual movements
in the §,, parameters. Constructing tests against all possible types of insta-
bilities is simply impossible both statistically and practically. Fortunately,
however, the situation i1s not hopeless because the single unknown break
point statistics have power against a large class of parameter instability
patterns far beyond what appears explicitly as an alternative in equation
(22). Therefore, examining (only) single break point tests goes a long way
toward our goal.

Before turning to the results we provide some details about the GMM
estimation procedures common to all the models. First, the instruments are
fairly standard: in addition to a constant we have (1) the one-month T-bill,
(2) the dividend yield of the CRSP value-weighted NYSE stock index, (3) a
detrended stock price level, (4) a measure of the slope of the term structure,
(5) a quality-related yield spread in the corporate bond market, and (6) a
January dummy. Details of these series appear in Ferson and Korajczyk
(1995) and in Harvey (1991). The data are monthly and cover a sample from
January 1927 until January 1988. The standard deviations and J-statistics
in a GMM procedure critically depend on the covariance estimator. Our re-
sults are based on the estimator proposed by Andrews and Monahan (1992),
a procedure that appears to have the best sampling properties among those
currently available. Finally, regarding the Sup LM test we should note that
one has to specify a sample range over which to compute the supremum. In
all our computations we set Il = [0.27,0.8T']. The choice of 20 percent trim-
ming is motivated by the length of the sample.

B. Stable Factors in the Conditional CAPM

In Panel A of Table I we report empirical results of the conditional CAPM
described in equations (17) for the 12 industry-based portfolios. Panel B per-
tains to model (18), and we refer to it as explicit beta model because B;; is
estimated as Z,8.. The model in Panel A is called the implicit beta model.
The first row reports the J-statistic. The remaining seven rows in the table
report the Sup LM test for parameter stability, each row representing an
instrumental variable. Because two parameters are associated with each in-
strument in the implicit beta conditional CAPM. one appearing in the vector
517, the other in §;, we have a joint test for the two parameters associated
with each instrument. For Panel B of Table I the statistics apply to three
parameters, as an element of 8. is added with each instrument. Moreover,
there are no J-statistics reported in Panel B as model (18) is just identified.
Table II has exactly the same structure, except that results for size-sorted
portfolios are considered.
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Let us focus first on the implicit beta conditional CAPM appearing in Pan-
els A of Tables I and II. It was noted that the J/-statistic is a diagnostic test
ill-equipped to scrutinize a model in terms of its structural invariance and
by the same token the ability of a model to predict the market price for risk.
Although the results in Tables I and II are not as striking as those that will
be reported below, they do reveal some quite extreme cases. We start with
two such cases: Industry 8 (Transportation) in Table I and the portfolio of
returns on the largest firms (Size 10) in Table II. In both cases, according to
the overidentifying restrictions tests, the conditional CAPM is not rejected.
Yet, for all instruments except the January dummy there is strong evidence
of parameter instability. Hence, despite the favorable evidence according to
the usual J-statistic, it is clear that the return on both portfolios cannot be
satisfactorily priced with the conditional CAPM. Although both cases to-
gether with Industry 4 (Basic Industries) are extreme, it is clear that
Tables I and II contain many other examples. In fact, in only one case (In-
dustry 1, Petroleum) of the 22 asset return series is there no rejection of the
conditional CAPM with the J-statistic nor with the Sup LM tests. If we were
to rely only on the J-statistic we would not reject the conditional CAPM for
6 of the 12 industries and for 2 of the 10 size-based portfolios.

The first of three empirical examples underscores several important points
that motivate our study. We report a set of models that would be found
empirically acceptable, according to their overidentifying restrictions, for ex-
plaining the returns on selected portfolios with a pricing formula based on a
set of common instruments. After eliminating all the cases where structural
breaks are found we are left with only one case. In practical terms this
means these instruments do not yield a satisfactory dynamic conditional
asset pricing model. In such circumstances either the model needs to be
modified or we need to search for a stable risk factor alternative. Before
making any conclusions on this we turn to the other three models discussed
in Section II to appraise their performance.

The first is the conditional CAPM with the explicit beta model B;;, = Z, 8.
that appears in equation (18). The results are reported in Panels B of
Tables I and II. We find resounding rejections of the stability hypothesis.
One may wonder what happened while moving from equation (17) to equa-
tion (18). Note that the Sup LM tests now apply to three parameters in-
stead of just the two associated with each instrument. The added parameter
belongs to B,.. The overwhelming rejections reveal that the linear repre-
sentation Z, 8,. is totally inadequate. Consequently the simplification, which
avoids the wieldy specification of the covariance/variance ratio, is simply
not acceptable. Comparison of Panels A and B of both tables underlines
again the scope of testing for structural invariance of parameters to un-
cover misspecification.

Because we report evidence for structural breaks it is worth mentioning
that the estimated break points, that is, the sample points where the supre-
mum of the LM statistics is attained, do not occur at the same moment; they
are in fact quite dispersed. It should first be noted that it is not clear that
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the supremum is attained at the true break point (formal proofs for the
general case of nonlinear dynamic system of equations are to our knowledge
nonexistent). In the event they yield an unbiased estimation of break points
we must conclude that no specific event caused the rejection of parameter
stability.

C. Stable Factors in the Conditional Multifactor APT

To describe the empirical results let us return to equation (19) and recall
the interpretation of each of the parameters. There are essentially three sets
of moment conditions, the first two define conditional expectations (linear
projections) of asset returns and the third relates to the multifactor beta
model. Hence, breaks in the parameters 8, and y; reflect a misspecification
of the statistical models for the predictable dynamics in returns or factor
mimicking portfolios. In contrast, the hypothesis of fixed conditional betas is
more a fundamental and crucial assumption from an asset pricing perspec-
tive (see, e.g., Ferson (1990, Table VIII) on this issue). We will first discuss
the two sets of projection equations and then turn to the risk-pricing equa-
tion. We begin with the empirical results regarding the stability of the co-
efficients 6, in equation (19) obtained from projecting the six instruments
plus constant on size-sorted and industry-based portfolio returns.

Before discussing the Sup LM test results we need to be more specific
about the specification of the factors in the conditional APT model. Two al-
ternative sets of risk factors are examined. The first set consists of economic
variables similar to those of Chen, Roll, and Ross (1986) and Ferson and
Harvey (1991). Among those factors is the market return measured by the
S&P 500. The latter is also the market portfolio for the conditional CAPM.
Mimicking portfolios are constructed using individual common stocks for the
five factors. The second approach is motivated by many previous studies of
the APT and uses the asymptotic principal components method of Connor
and Korajczyk (1989) to estimate the common factors. We compute the re-
sults for both factor configurations but report only the economic factors. We
do not report explicitly the results with the principal component factors be-
cause they are quite similar except that one typically finds even more evi-
dence for structural breaks.

Tables III and IV cover the empirical results for the conditional APT with
a combination of industry-based and size-sorted portfolios. The J-statistics
appear at the top of each table and the Sup LM statistics are listed in the
rows labeled 6, and §,,j =1,..., 7.9 The tests corresponding to &,; are joint
tests for all seven instruments (the first being a constant); the others mea-
sure each instrument individually. Let us focus on the results in Table III,
which cover the 12 industries selected by Ferson and Korajczyk. According
to the J-statistic we would almost never reject the model.

9 To simplify the notation in Tables III and IV we should note that the index j to §; is not to
be confounded with index &, in (19). The latter refers to asset i and represents the entire vector
(6,1 1n the tables), but &, is an element of &, .
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Based on the Sup LM tests for §,; and the individual 8, we find very little
evidence for breaks among the industry-based portfolios (Table III) except
for Industry 5 (Food/Tobacco) but much more evidence for breaks in the
size-based classification (Table IV). The situation is quite different with the
parameters in the second block of moment conditions, where there is very
strong evidence against the null hypothesis.

The second set of moment conditions in equation (19), like the first, in-
volves projections on the set of instruments described before, to extract the
predictable part of the K X 1 vector F,. Because this is a multivariate process
prediction with K = 5 we focus on tests for each column which project the
entire set of instruments on each of the five factor-mimicking portfolios. Hence,
we use the notation y,.,i = 1,...,5, to denote the tests associated with each
of the column vectors.1° The overwhelming evidence of breaks in y,. means it
is very difficult to predict the returns on the factor-mimicking portfolios.

So far we have discussed only those parameters related to the two blocks
of projection equations for the portfolio return and the factors. The remain-
ing coefficients pertaining to the conditional betas are more important from
an asset pricing point of view. We find in many cases strong evidence of
instability, notably in Industries 1 (Petroleum), 2 (Finance/Real Estate),
5 (Food/Tobacco), 6 (Construction), 8 (Transportation), 11 (Services), 12 (Lei-
sure), and to a lesser extent Industry 9 (Utilities). For the size-sorted port-
folios in Table IV we seem to reject constant beta entries particularly for the
large sizes of NYSE stocks.

D. Stable Factors in the Nonlinear APT

Last we examine the nonlinear APT proposed by Bansal et al. (1993). As in
Section III.B with Harvey’s model, we do not attempt to exactly replicate
their data and estimates. Instead, for comparison, we use the Ferson and
Korajczyk (1995) data set of sized-sorted and industry-based portfolios to
estimate the nonlinear APT specified in equations (14) and (16) using the
same set of instruments. This means we have seven instruments, including
a constant, to specify the moment conditions in equation (16). Because there
are five parameters in equation (16) we have two overidentifying restric-
tions. The results are reported in two tables, one covering the asset returns
for each of the 10 size-sorted portfolios and the other containing the industry-
based portfolios.

The following tests appear in Tables V and VI: (1) tests for the stability of
each of the five parameters in the nonlinear APT separately, (2) two joint
tests, one involving the parameters of the “nonlinear part,” namely B3, and
Bsu, and one involving the joint set of five beta parameters. The results in
Table V show that there are clearly problems with the small size categories.
All other size categories appear to be well fitted by a stable nonlinear APT

19 We could not perform an overall test for the entire matrix y involving 35 coefficients as no
critical values are available for that many coefficients. For reason of space we do not report
individual tests nor tests associated with a particular instrument in this case.
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model. This is far better than the conditional APT of the previous section,
because for almost all portfolios the model seems acceptable. It only fails to
explain returns on very small firms which probably are more affected by
informed trading and idiosyncratic events. The nonlinear APT also appears
quite successful if one looks at industry-based portfolios. In Table VI we can
see that for at least half of the 12 industries there is no instability according
to the Sup LM tests. The industries where the model fails are: Industry 1
(Petroleum), 4 (Basic Industries), 5 (Food and Tobacco), 6 (Construction),
and to some extent perhaps 9 (Utilities) and 10 (Services).

IV. Do Time-Varying Betas Help or Hurt?

The empirical results in the previous section revealed that the time-
varying beta conditional CAPM and APT models do not seem to capture very
well the temporal dynamics of betas. Consequently, they misprice risk. Is
this mispricing serious, so serious that we are bound to make larger errors
in comparison to fixed beta models? This is a question of relative mispricing
of one (misspecified) model against another one. To address this we will
compute the in-sample root mean squared error (RMSE) of the conditional
CAPM and APT models appearing in equations (17) and (19), respectively,
and compare them with the RMSE of the fixed beta model, specified through
the following moment conditions!!:

E("M{+1 —Zt61\1> @Z =0 (23)
rev1— BZi Oy T

Note that the model in equation (23) uses the expected return E(ry;,+1|Z,)
instead of the actual return as a factor so that it involves the same condi-
tioning information set Z, as the conditional CAPM and APT and has no
informational advantage that would make comparisons of forecasts difficult.1?

1 The RMSE calculations for the conditional CAPM and APT are based on the pricing error
as defined in Ferson and Harvey (1993). equation (8). Note that we report results for the ex-
plicit beta function conditional CAPM. The results for the model in equation (17) are similar to
those obtained with equation (18) and are therefore omitted.

2 The model in equation (23) corresponds to equation (7' in Harvey (1991). It should be
noted that the comparison of root mean squared errors does not involve the nonlinear APT.
Indeed, although the results in the previous section are favorable with regard to the stability of
the pricing kernel, they do not yield straightforwardly a prediction model. This problem arises
in any approach that directly tries to specify a pricing kernel such as consumption-based asset
pricing methods (e.g., see Hansen and Singleton (1982) or Epstein and Zin (1991)). The main
reason we do not engage in a comparison involving the nonlinear APT is that the model needs
to be augmented in nontrivial ways with prediction formulas to generate predictions of returns.
Such augmentation would involve quite a number of auxiliary assumptions and novelties that
would take us far beyond the scope of the present paper. We are grateful to S. Viswanathan for
having given thought to several of our queries regarding prediction formula for nonlinear APT
models.
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We consider the RMSE of pricing errors computed from three models: (1)
the unconditional CAPM, (2) the conditional CAPM, and (3) the conditional
APT using economic factors. These comparisons are performed for the 10
size-based portfolios and the 12 industry-based returns.

Table VII summarizes the empirical results. For industry-based portfolios,
the data show that the unconditional CAPM dominates all other specifica-
tions quite often. For Industries 1, 5, 6, 10, 11, and 12, or 6 of 12 industries,
it has the smallest RMSE. Moreover, there is often only a marginal differ-
ence for industries where the unconditional CAPM does not outperform the
conditional models.

Among the conditional models we observe that the conditional CAPM is
often the best among all the conditional models when the Morgan Stanley
Capital International (MSCI) index is taken as the market portfolio instead
of the S&P 500. This model is included in the comparison to point us to a
clearer interpretation of our results. Indeed, a plausible explanation for the
results in Table VI is that betas change through time very slowly. The con-
ditional APT and CAPM models may have a tendency to overstate the time
variation and as a result produce beta risk that is too volatile and changing
too rapidly. The evidence reported in Braun, Nelson, and Sunier (1995) con-
firms this interpretation of our results. Indeed, they report very weak time
variation in direct estimates of conditional betas obtained from ARCH-type
specifications. Hence, they find that although equity market returns are vol-
atile and conditionally heteroskedastic, the betas are only modestly time
varying and hence not very volatile. The conditional CAPM and APT models
discussed in this paper use volatile market returns and other instruments to
model the slowly changing beta risk. This also explains why replacing the
S&P 500 by the MSCI index in the conditional CAPM sometimes improves
the model dramatically. Indeed, turning our attention to Table VIII where
the standard errors of the sample beta risk obtained from the two condi-
tional CAPM specifications are compared, we observe that beta risk as a
function of the S&P 500 is much more volatile than when the MSCI is used.
A major reason (although not the only one) is that the MSCI index is less
volatile. The bottom panels of Tables VII and VIII show that the size results
are similar to the industry results given in the top panels.

V. Conclusion

There is a general consensus that the static CAPM is unable to explain
the expected returns on stocks. The empirical study of Fama and French
(1992) has indeed fueled a lively debate and prompted the pursuit of some
form of conditional models. We take several APT-type models of recent
vintage which have as their key ingredient a time-varying structure in
factor-return trade-offs. Those models are at the same time sophisticated
and fragile. They are sophisticated because they exploit dynamics in pre-
dictability and/or nonlinearities. But they are also fragile because they
must deal with time-varying betas and are therefore more prone to sources
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of misspecification and hence mispricing of assets. The role of this paper is
to show (1) how serious the problem of parameter instability is and, most
importantly, (2) that despite all the efforts to model time-varying beta risk
we find that constant beta models in many cases still yield on average
better predictions. Many have argued convincingly that the static CAPM
should be replaced by some form of conditional CAPM. Our paper shows
that the search for a satisfactory specification is still far from accom-
plished. It suggests that more attention should be given to the conse-
quences of using the “wrong” CAPM (see for instance Ferson and Locke
(forthcoming)). Our findings also suggest, however, that the recently pro-
posed class of nonlinear APT models appear surprisingly stable in compar-
ison with the conditional CAPM and APT models and therefore show the
greatest promise for further development.
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